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ABSTRACT OF THE DISCLOSURE

This application discloses a multiple processor arrange-
ment for controlling a telephone communication switch-
ing system. A special purpose program-controlled
processor performs the input-output work functions which
detect telephone service requests and which exert control
over the telephone switching system components. A more
general purpose program-controlled processor performs
the more complex data processing functions which de-
termine required system control actions from data sup-
plied by the special purpose processor and define these
actions for implementation by the special purpose
processor. The general purpose processor communicates
with the special purpose processor in the same way that
the general purpose processor communicates with its own
memory.

This is 2 continuation-in-part of our copending applica-
tion Ser. No. 498,673, filed Oct. 20, 1965; and now aban-
doned, and relates to data processing systems and, more
particularly, to arrangements for increasing the real time
data processing capacity of such systems.

Today there are a number of applications for highly
reliable program-controlled data processing systems which
have a real time demand on the system services. An ex-
tremely important example of such system environments
is a modern communication switching system for voice
and/or data communication. Additionally, there is a need
for real time processors in many scientific applications,
such as the launching and landing of space vehicles, and in
industrial applications, such as the control of critical
production lines. The concepts of our invention are de-
scribed herein with respect to a telephone switching sys-
tem, which is for purposes of illustration only. These in-
ventive concepts may also be applied advantageously in
other fact sitnations of the type noted above.

A data processor employed in any of the mentioned
environments has two operational requirements, namely,
an ability to cope with real time demands and an extreme-
ly high degree of system dependability. The term “real
time,” as employed herein, means that the processor must
be capable of coping with all requests without significant
delay, and the term “dependability” means that the system
shall remain operative even though it has all the frailties
of a man-made device.

Communication switching systems are located through-
out the world, and each physical location of such a system
imposes its own peculiar demands. For example, in one
location there may be a high concentration of subscriber
stations each of which may have a relatively low calling
rate, while in another location there may be relatively few
subscriber stations each of which may have a very high
calling rate. From a data processing standpoint, service to
these two seemingly different environments may be very
similar since the total traffic generated by the subscribers
of the two offices is nearly equal. On the other hand,
growth in subscriber concentration can increase substan-
tially the data processing requirement at a system location.

Additionally, from location to location, there may be
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vastly different demands for different types of service, For
example, in a residential community there may be only
minor requirements for the many new and highly advan-
tageous switching system features which may be achieved
through program control. However, in a business com-
munity, a switching system may be required to provide
many complex special service features to satisfy the needs
of the various businesses. These special services cannot
be provided without added data processing capacity.
Therefore, even though the traffic generated by two loca-
tions may be nearly identical, the location which has a
need for the new and modern service features requires a
data processor having greater processing capacity per
unit time,

A telephone switching system is usually installed to
serve the existing traffic requirements of a local area.
However, it must be capable of meeting the growth re-
quirements of the community. It is not unusual for an
office to grow by a factor of ten or more and it is un-
economical to replace such an office when the maximum
call processing capacity of the initially installed equipment
is achieved. The principles of our invention may be util-
ized economically to permit an orderly growth beyond
the maximum data processing capacity of such a limited
initial installation.

There are many factors which limit the data processing
capacity of a particular processing configuration. Fore-
most in the limiting factors are memory cycle time,
processor circuit response time and the physical distance
between processor components. The present trend
is towards faster memories and circuit components. How-
ever, economics and other considerations always limit
the practical data processing capacity of a processor.

Systems are available today which employ more than
one processor to accomplish all of the work functions as-
signed to the processor. One example of such arrange-
ments is the Bell System crossbar telephone switching sys-
tem. This system employs a plurality of marker circuits
(data processors) which are relatively slow-speed wired
logic devices and which perform work functions with
respect to only one call at a time, Several markers may
be simultaneously active in the serving of several different
calls, and different markers may serve to perform suc-
cessive work functions with respect to a single call. Such
slow-speed arrangements comprise virtually autonomous
circuits, and system data processing capacity is a direct
function of the number of such circuits installed,

Similar efforts have been made in the field of high
speed data processing systems to employ more than one
processor to cope with the data processing requirements
of the installation. These arrangements generally provide
communication links between the two processors appear-
ing as input-output devices to the individual processors,
or provide communication links between memories, These
statements of prior art are extremely general, the number
of multiprocessor arrangements which have been proposed
being too numerous to describe here. Each of the known
arrangements, however, has serious limitations when one
considers the requirements of a communication system
or other real time data processor environments having
similar requirements. None of the known arrangements
adequately cope with the problems of:

(1) Growth in real time data processing capacity while
treating the system inputs as an entity;

(2) System dependability;

(3) Efficient sharing of bulk memory without undue in-
terference.

It is an object of the present invention to permit the
orderly growth of a data processing system, such as a
communication switching system, to meet increased proc-
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essing demands whether those demands originate from
increased numbers of subscribers, increased calling re-
quirements, or increased service requirements.

It is another object of this invention to increase the
data processing capacity of a program-controlled com-
munication switching system without substantially degrad-
ing system dependability and without a requirement that
the auxiliary processing apparatus duplicate the specialized
arrangements required for the desired degree of high sys-
tem dependability.

It is another object of this invention to permit the or-
derly growth in data processing capacity of a program-
controlled switching system with minimal changes in the
main processor program and hardware.

It is another object of this invention to provide a basis
for the efficient sharing of a bulk memory by a main
processor and an auxiliary processor.

In accordance with this invention, one illustrative com-
munication switching system comprises a main processor,
a memory arrangement, an input-output system and an
auxiliary processor. The memory arrangement comprises
two portions; the first portion contains program and cer-
tain fixed data, and the second portion, which is connected
to the main processor by a separate transmission system,
is employed for the storage of data to be processed by
or generated by the main processor. In accordance with
one aspect of this invention the auxiliary processor is con-
nected to this separate transmission system. Communica-
tion between the main processor and the auxiliary proces-
sor is implemented by the same memory read and mem-
ory write commands from the main processor by means of
which communication is effected between the main proces-
sor and the respective memories of the second portion
of the memory arrangement. Included in the auxiliary
processor is a bulk memory containing data both for the
main processor and the auxiliary processor, and contain-
ing sequences of instructions which the auxiliary processor
must execute, This bulk memory, which can be directly
addressed by the auxiliary processor, is accessible to the
main processor only by way of the auxiliary processor
which, as noted above, is addressed by the main processor
in the same manner as one of the memories in the second
portion of the memory arrangement. Accordingly, the bulk
memory of the auxiliary processor is efficiently shared by
the main processor and the auxiliary processor.

The system work is shared by the main processor and
the auxiliary processor on the following basis:

(a) The auxiliary processor performs the real time input-
output functions, limited processing associated there-
with, and certain other output functions which have
less restrictive timing requirements;

{b) the main processor does the more complex system
work functions relative to data provided by the auxiliary
processor and provides the data which the auxiliary
processor employs in the output functions;

(c) the auxiliary processor independently detects errors
and faults in its operation and in the operation of the
input-output and shared memory units with which it
communicates. However, the auxiliary processor is
wholly dependent upon the main processor for diag-
nosis and correction of detected faults.

The auxiliary processor, as previously noted, is accessed
by the main processor by means of the same memory
reading and memory writing commands used to access
the memories in the second memory arrangement. Accord-
ingly, in an installation which does not require an aux-
iliary processor, the main processor must itself perform
the functions set forth in (a) and (b) above; however,
since an auxiliary processor does not exist, the function
set forth in (¢) are not required. Additionally, since the
auxiliary processor is addressed as memory by the main
processor, the main processor programs which employ data
from the independent shared memory need not be altered
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4
materially in the absence of an auxiliary processor, sincé
the main processor then has direct access to such memory
locations.

Advantageously, the auxiliary processor, before serving
particular meniory commands from the main processor,
makes a check to assure that it is not in the process of
operating upon, or in accordance with, information ob-
tained from a memory location-in the shared memory
specified by the main processor comnifand. Sinc¢e access
by the main processor to the shared ‘memory is by way
of the auxiliary processor only, thereé is no need for
other memory lockout. i .

Advantageously, both the main processor and the auxil-
iary processor employ machine cycles of the same time
duration. A clock circuit irr the auxiliary -processor is
maintained in phase with a master clock in the main
processor and is synchronized at two levels. The first level
defines the beginning of a main procéssor machine cycle
and the second level defines the occurrence of discrete
times within that main processor machine cycle. The
auxiliary processor is arranged to execute relatively com-
plex instructions which may have an execution cycle in-
cluding many machine cycles. An auxiliary processor ex-
ecution cycle can be temporarily interrupted by the main
processor. The main processor memory reading and mem-
ory writing commands serve to interrupt an execution
cycle only after the auxiliary processor has completed
the work functions of the machine cycle which existed at
the time the command was received. The auxiliary proc-
essor, upon interrupt, executes the command received
from the main processor and, upon completion of the
work functions related to that command, proceeds with
the completion of the interrupted execution cycle.

Tn accordance with one feature of this invention, the
data processing capacity of a program-controlled data
processing system is increased by the provision of an aux-
iliary processor which is connected to a memory transmis-
sion arrangement of the main processor and which is
jointly controlled by memory read and write commands
from the main processor and by program instructions
obtained from a shared bulk memory.

In accordance with another feature of this invention,
system work functions are selectively assigned to a main
processor and to an auxiliary processor whereby the real
time requirements of the main processor are generally
relaxed.

In accordance with another feature of this invention,
an auxiliary processor independently detects errors and
faults in its own operation and in the operation of appa-
ratus with which it communicates and is dependent upon
a main processor for diagnosis and correction of detected
faults.

In accordance.with another feature of this invention,
the main processor can initialize the information in the
shared memory in accordance with information obtained
from the memory arrangement of the main processor.

In accordance with another feature of this invention,
the main processor and the auxiliary processor operate
synchronously and the auxiliary processor can be inter-
rupted during the course of an auxiliary processor execu-
tion cycle at the completion of any machine cycle within
that execution cycle.

The above and other objects and features of this inven-
tion will be understood with reference to the detailed de-
scription and drawing, in which:

FIG. 1 is a block diagram of an illustrative telephone
switching system illustrating the major divisions of the
switching system and the flow of information between di-
visions of the system;

FIG. 2 is a block diagram of a part of the auxiliary
processor designated herein as a signal processor;

FIGS. 3 through 51 when arranged in accordance with
FIG. 77 are a skeletonized schematic illustration of the
detailed organization of a signal processor;

FIG. 52 is a timing chart illustrating the interrelation-
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ship of timing signals which control the logical operations
in a signal processor;

FIG. 53a is a table defining the various sequence states
of an instruction sequencer;

FIG. 53b is a diagram illustrating sequence state
changes by an instruction sequencer;

FIG. 54a is a table defining the various sequence states
of a network queue sequencer;

FIG. 54b is a diagram illustrating sequence state
changes by a network queue sequencer;

FIG. 55a is a table defining the various sequence states
of a network command sequencer;

FIG. 55b is a diagram illustrating sequence state
changes by a network command sequencer;

FIG. 56a is a table defining the various sequence states
of a central control request sequencer;

FIG. 56b is a diagram illustrating sequence state changes
by a central control request sequencer;

FIG. 57a is a table defining the various sequence states
of a read, write and recall sequencer;

FIG. 57b is a diagram illustrating sequence state
changes by a read, write and recall sequencer;

FIG. 58 is a block diagram of a part of the main proc-
essor, designated a central control;

FIGS. 59 through 69 are a schematic representation
of the major communication paths employed in our in-
vention;

FIGS. 70 through 76 are detailed drawings showing
modifications of a central control to accommodate opera-
tion with a signal processor;

FIG. 77 is a key figure showing the arrangement of
FIGS. 3 through 51;

FIG. 78 is a key figure showing the arrangement of
FIGS. 59 through 69;

FIG. 79 is a key figure showing the arrangement of
FIGS. 70 through 76;

FIG. 80 illustrates the interrupt hierarchy of the main
processor (central control) including interrupt facilities
for operation of the main processor with an auxiliary (sig-
nal) processor; and

FIG. 81 is a block diagram of a data processmg ar-
rangement organized in accordance with our invention.
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Disjunctive Mode of Operation. ...
Critical Address Match System. -
Modification of Central Control System 101. ..
Timing Synehronization__. . ._.......
Interrupts
Urgent Message Interrupt ...
Five Milliseeond Timing Puls

K Level Interrupt.

F Level Interrupt_
Reading and Writing C
Signal Processor Stop Signals.
Signal Processor Lockout___ ... ...

SYSTEM DESCRIPTION—GENERAL (FIG. 81)

The principal divisions of a data processing arrange-
ment in accordance with our invention are shown in
FIG. 81 of the drawing. FIG. 81 separates an illustrative
data processing system into a central processor 100 and
an input-output system 180. Central processor 100 and
input-output system 180 are connected by an input-output
communication system 175.

Input-output system 180 can comprise any group of
circuits whose operation places a real time demand upon
the implementation of programmed control. One example
of such an input-output system is the switching network
and associated control circuitry in a telephone communi-
cations switching system. lInput-output system 180 in-
cludes sources of information which serves as the input
to central processor 180 and upon which central processor
100 operates. Input-output system 180 additionally in-
cludes circuits which control the operational functions of
input-output system 180 in accordance with input-output
command information from central processor 100. This
command information is generated by central processor
100 in accordance with its own program, data stored in
its memory system 176 and the input information from
input-output system 180.

Central processor 100 is a centralized data processing
facility employed to implement the varied operational,
maintenance and administrative functions required for the
control of input-output system 180, Central processor 100
receives input information from input-output system 180
by way of input-output communication system 175 and
transmits control and command information to input-out-
put system 180 by way of input-output communication
system 175.

Central processor 100 includes a main processor 101,
which performs data processing functions on data obtained
from input-output system 180 and on data stored in a
memory system 176, The data processing is performed
by main processor 101 in accordance with program orders
which are stored in memory system 176. Memory system
176, which forms the second major division of central
processor 100, is connected to main processor 101 by a
main memory communication system 106. Program or-
ders, data and certain control information are communi-
cated between main processor 101 and memory system
176 by way of main memory communication system 106.

Memory system 176 includes a main processor memory
103 in which program, other information of a semiperma-
nent nature and information requiring frequent changes
at normal system speed can be stored. Main processor
101 communicates with main processor memory 103 by
means of main memory read and write commands trans-
mitted over main memory communication system 106 to
main processor memory 103. Main processor memory 103
cxecutes the main memory commands and either returns
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of communication system 106 or writes information ac-
companying the memory command into a prescribed lo-
cation within main processor memory 103. Accordingly,
main processor 101 processes data obtained both from
input-output system 180 and main processor memory 103
in accordance with program orders obtained from main
processor memory 103.

Memory system 176 also includes an auxiliary proces-
sor 171 and an auxiliary processor memory 172. Auxil-
iary processor 171 is a special purpose data processing
facility employed to implement those repetitious and time
consuming input and output system functions which, if
performed exclusively by main processor 101, would limit
the real time capacity of central processor 100 in control-
ling the operation of input-output system 180. Auxiliary
processor 171, although functionally independent, is sub-
ject to the command of main processor 101 and com-
municates to main processor 101 that information neces-
sary for main processor 101 to perform the more complex
data processing operation required to implement the func-
tions of input-output system 180 and to perform the com-
plex data processing required for system maintenance.

Auxiliary processor memory 172, in this illustrative
embodiment, is a word organized, random access, high
capacity memory system wherein the program for con-
trolling auxiliary processor 171 and the data upon which
auxiliary processor 171 operates are stored. Communica-
tion between auxiliary processor 171 and auxiliary proc-
essor memory 172 is accomplished by way of auxiliary
memory communication system 173, Auxiliary processor
171 generates and transmits auxiliary memory commands
by way of communication system 173 to auxiliary proces-
sor memory 172. Auxiliary processor memory 172 ex-
ecutes these commands and, in accordance therewith,
either returns data or program information requested by
the command or writes data or program information ac-
companying the command into a specified memory loca-
tion within auxiliary processor memory 172,

Main processor 101 communicates with auxiliary proc-
essor 171 exactly as if it were part of main processor
memory 103. Main memory read and write commands
transmitted by main processor 101 and addressed to auxil-
jary processor 171 are executed by auxiliary processor
171. In response to main memory commands from main
processory 101, auxiliary processor 171 performs one of
the following functions:

(1) Returns information from a specified register within
itself to main processor 101 over communication sys-
tem 106;

(2) Writes program or data information accompany-
ing the memory command into a specified register with-
in itself;

(3) By means of an auxiliary memory command to
auxiliary processor memory 172, obtains program or
data information from a location within auxiliary proc-
essor memory 172 specified by the main memory com-
mand and returns that information to main processor
101 over communications system 106;

{(4) By means of an auxiliary memory command, causes
program or data information accompanying the main
memory command to be written into a specified mem-
ory location in auxiliary processor memory 172;

(5) Performs one of several maintenance functions speci-
fied in the main memory command.

When a main memory command addressed to auxiliary
processor 171 is received, auxiliary processor 171 mo-
mentarily halts its independent operation long enough
to execute the main memory command. Auxiliary proc-
essor 171 then continues the execution of its own work
functions in accordance with its program stored in aux-
iliary processor memory 172.

Auxiliary processor 171 can receive the same input
information from input-output system 180 as can main
processor 101 and can generale the same input-output
commands (o be executed by input-output system 180 as
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can main processor 101. Therefore, auxiliary processor
171, in accordance with its own program and in accord-
ance with the results of data processing by main processor
101, can relieve main processor 101 from the time con-
suming operations of generating input-output commands
and receiving and processing input information, Further,
auxiliary processor 171 performs the routine and highly
repetitive data processing operations which would other-
wise be required of main processor 101.

Main processor 101 and auxiliary processor 171 oper-
ate simultaneously and independently. Their operation is
synchronized by control signals from main processor 101
transmitted to auxiliary processor 171 over control cable
213. Under control of the program obtained from aux-
iliary processor memory 172, auxiliary processor 171
processes the information it receives from input-output
system 180 and information obtained from auxiliary proc-
essor memory 172 to recognize service and administrative
demands from the operational circuits of input-output sys-
tem 180. Normally, when auxiliary processor 171 has
information that it is ready for further processing by
main processor 101, the information js stored in one of
a number of memory areas known as “hoppers” in aux-
iliary processor memory 172, Typically, the subsequent
processing of this information by main processor 101
results in the generation of information defining required
control operations of input-output system 180, This con-
trol information is loaded into appropriate memory arcas
(order buffer registers) of auxiliary processor memory
172. Auxiliary processor 171 unloads the control informa-
tion from auxiliary processor memory 172 and dispatches
the appropriate input-output commands to input-output
system 180. Thus, the activities of auxiliary processor 171
can be broadly characterized as gathering data to be
processed by main processor 101, loading hoppers in
auxiliary processor memory 172 with that data and un-
loading and processing information placed in auxiliary
processor memory 172 by main processor 101,

The above description indicates an indirect type of
communication between main processor 101 and auxiliary
processor 171 by way of auxiliary processor memory 172.
This type of communication is implemented by the ability
of main processor 101 to address auxiliary processor mem-
ory 172 as if it were part of main processor memory
103. Thus, auxiliary processor memory 172 is effectively
shared by main processor 101 and auxiliary processor
171 both as a source and a destination of data.

Since auxiliary processor 171 is addressed as memory
by main processor 101, programs of main processor 101
which employ data obtained from auxiliary processor
memory 172 need not be altered materially if an auxiliary
processor 171 is not provided since, in that event, aux-
iliary processor memory 172 would be incorporated in
main processor memory 103 to which main processor 101
would have direct access.

SYSTEM DESCRIPTION--GENERAL TELEPHONE
(FIG. 1)

The principal divisions of a telephone switching sys-
tem in accordance with this invention are shown in FIG.
1 of the drawing. The functional designations employed
therein broadly describe the tasks assigned to each block
of the figure. Many of the system divisions and compo-
nents thereof are substantially identical to those of the
telephone switching system described in copending patent
application Ser. No, 334,875, filed on Dec. 31, 1963, by
A. H. Doblmaier et al. Accordingly, frequent reference
will be made to the Doblmaier et al. application through-
out the following descriptions of the present invention
for the sake of brevity.

A functional description of each block of FIG. 1 is
given immediately hereinbelow. This description is fol-
lowed by a general discussion of the manner in which
telephone functions are performed by the system as a
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whole. Subsequently, a more detailed description of Cen-
tral Processor 100 is given, with particular emphasis upon
the organization of Signal Processor System 171, its func-
tions and its internal operation,

Central processor 100

Central Processor 100 is a centralized data processing
facility employed to implement the varied telephone,
maintenance, and administrative functions of a telephone
switching system. Central Processor 100 may be divided
into five basic elements:

(1) Central Control System 101 (main processor);

(2) Central Control Program Store System 102;

(3) Central Control Call Store System 103 (main proc-
€sSor memory);

(4) Signal Processor System 171 (auxiliary processor);

(5) Signal Processor Call Store System 172 (auxiliary
Pprocessor memory).

CENTRAL CONTROL SYSTEM 101

Functionally, Central Control System 101 may be di-
vided into three parts:

(1) Basic data processing facilities;

(2) Facilities for communicating with input and output
equipment; and

(3) Mazaintenance facilities,

As far as possible, common circuits within Central
Control System 101 are employed to accomplish all of
these functions,

Central Control System 101 includes two independent
central controls for purposes of system reliability. The in-
dependent central controls are both arranged to perform
all of the necessary system actions. In the most usual
mode of operation, both independent central controls
carry on the same work functions on the basis of duplicate
input information. This is termed the in-step mode of oper-
ation. However, only one of the two central controls
can alter the system status or control the execution of
telephone functions at any given instant, That is, the two
independent central controls provide control and mainte-
nance information to the remainder of the system on a
mutually exclusive basis. The manner in which the deci-
sion is reached as to which of the two central controls
of Central Control System 101 is in control of the switch-
ing system at any given instant is described in the afore-
noted patent application of Doblmaier et al.

Central Control System 101 performs data processing
functions in accordance with program orders which are
stored principally in Central Control Program Store Sys-
tem 102. In response to a program order, Central Con-
trol System 101 processes data generally obtained from
Central Control Call Store System 103 and generates and
transmits signals for the control of other system units.

In this one specific embodiment, a central control of
Central Control System 101 executes one program order
(other than a transfer order, a central control program
store data word reading or a variety of work operations
requiring the use of special purpose sequence circuits
within the central control) per basic 5.5 microsecond
machine cycle. A microsecond clock in the active central
control provides one-half microsecond pulses at one-quar-
ter microsecond intervals which permit Central Control
System 101 to perform a series of sequential actions
within one basic 5.5 microsecond machine cycle.

The detailed operation of Central Control System 101
is described fully in the aforenoted patent application of
Doblmaier et al., except for minor additions required for
operation with Signal Processor System 171. With the ex-
ception of these few minor additions, no detailed descrip-
tion of the internal operations of Central Control.System
101 will be given herein.

Although Central Control System 101 of this specific
embodiment retains the capacity for controlling all sys-
tem operations described in the Doblmaier et al. patent
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application, normal implementation of the specific opera-
tions which generate and transmit command signals to oth-
er parts of the switching system is delegated to Signal
Processor System 171, except for those situations requir-
ing certain specialized maintenance and diagnostic opera-
tions. Central Control System 101 is thereby freed of the
more routine data processing operations and can utilize
its high speed data processing capabilities for performing
the more complex operations. For example, when basic
call information indicating that a transmission path
through Switching Network 120 must be established is re-
ceived from Signal Processor System 171 by Central Con-
trol System 101, Central Control System 101 determines
the specific network connections which must be estab-
lished within Switching Network 120 and returns this
information to Signal Processor System 171. Signal Proc-
essor Signal 171 then generates and transmits the neces-
sary command signals to Switching Network 120.

CENTRAL CONTROL PROGRAM STORE
SYSTEM 102

Program Store System 102 is a word organized random
access, high capacity memory system. In this one specific
illustrative embodiment, a word organized magnetic wire
memory employing magnet card coding and nondestruc-
tive read out is employed as the memory element of Cen-
tral Control Program Store System 102. Program Store
System 102, being semipermanent in nature, is employed
to store the less volatile system information including
the system programs executed by Central Control System
101, a variety of translation information including di-
rectory number to line equipment translations and line
class of service information. This information is written
into Central Control Program Store System 102 by means
of a program store card writer, as described in the afore-
noted Doblmaier et al. application, which is one of the
miscellaneous network units 174,

Central Control Program Store System 102 comprises
at least two independent program stores. The number of
program stores in Program Store System 102 is determined
principally by the size of the switching system. The in-
formation capacity of each program store within Program
Store System 102 is divided into a left (H) half and a
right (G) half. Where the number of program stores in
Program Store System 102 exceeds two, the information
in the right half of the first program store is duplicated
in the left half of the second program store; the informa-
tion in the right half of the second program store is dupli-
cated in the left half of the succeeding program store; and

the information in the right half of the last program store |,

is duplicated in the left half of the first program store.
This arrangement of information in the program stores of
Program Store System 102 is disclosed in patent applica-
tion Ser. No. 334,725, filed on Dec. 31, 1963 by M. Ras-
panti, which issued as U.S. Patent 3,312,947 on Apr. 4,
1967, and is discussed in some detail in the aforenoted
patent application of Doblmaier et al. The internal opera-
tions of Program Store System 102 are described in detail
in the Doblmaier et al. patent application referred to
above. Therefore, no further description of Program Store
System 102 will be given herein.

CENTRAL CONTROL CALL STORE SYSTEM 103

Central Control Call Store System 103 is a word or-
ganized, random access, high capacity memory system
wherein certain of the more volatile system information
is stored. Information can be written into or read from
Central Control Call Store System 103 by Central Con-
trol System 101. Since information in Central Control
Call Store System 103 is readily changed at the normal
system speed, the more volatile system information is
stored therein. This information includes:

(1) Information relating to calls, as received from Sig-
nal Processor System 171 (e.g., call signaling informa-
tion);
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(2) Information relating to recent changes in directory
number to line equipment number translations;

(3) Recent changes in subscriber class of service infor-
mation; Y : :

(4) System administrative information;

(5) Subscriber and trunk busy-idle information;

(6) Network path busy-idle information; and

(7) System work lists and queues.

In this one illustrativé embodiment, a word organized
ferrite sheet memory is employed as the memory element
of Central Control Call Store System 103. A ferrite sheet
memory of the type employed-herein is disclosed in the
copending application Ser. No. 246,505, filed Dec. 21,
1962, by P. A. Harding, which issued as U.S. Patent
3,299,278 on Jan. 17, 1967. The control and maintenance
systems for a call store of the type employed herein are
shown in the previously noted patent of M. Raspanti. A
detailed discussion of the operation of Central Control
Call Store System 103 in cooperation with Central Con-
trol System 101 is included in the aforenoted patent appli-
cation of Doblmaier et al. ’

Similar to Central Control Program Store System 102,
Central Control Call Store System 103 comprises at least
two independent call stores. The number of call stores in
Central Control Call Store System 103 is determined
primarily by the size of the switching system. Any num-
ber of call stores from two to thirty-two may be em-
ployed in this particular system embodiment. The or-
ganization of the call stores of Central Control Call
Store System 103 into left and right halves and the gen-
eral layout of duplicate information in Central Control

'Call Store System 103 is as previously described herein

with respect to Central Control Program Store System
102 and as disclosed in the patent of M. Raspanti, re-
ferred to above.

SIGNAL PROCESSOR SYSTEM 171

Signal Processor System 171 is a special purpose data
processing facility employed to implement those repetiti-
ous and time consuming input and output system func-
tions which, if performed exclusively by Central Control
System 101, would limit the call handling capacity of the
telephone system. Signal Processor System 171, ‘although
functionally independent, is subject to the command of
Central Control System 101 and communicates to Cen-
tral Control System 101 that information necessary for
Central Control System 101 to perform the more complex
data processing required for call processing and system
maintenarice.

Signal Processor System 171 comprises at least one
pair, or community, of signal processors. The number of
signal processor communities within Signal Processor Sys-
tem 171 is determined principally by the size of the switch-
ing system and the traffic demand for call processing by
Central Processor 100.

The two signal processors of a signal processor com-
munity are both arranged to perform identical input and
output system functions. In the usual mode of operation,
both signal processors of a signal processor community
carry on the same work functions on the basis of dupli-
cate input information. This is termed the in-step or paral-
lel mode of operation. However, only one of the two signal
processors in a community can control the execution of
telephone functions at any given instant. This signal proc-
essor is termed the “active™ signal processor of a signal
processor community. The determination of which sig-
nal processor of a signal processor community within Sig-
nal Processor System 171 is active is made by Central
Control System 101.

In this one specific embodiment, Signal Processor Sys-
tem 171 has a basic 5.5 microsecond machine cycle which
is identical to that of other divisions of Central Processor
100. The machine cycle of Signal Processor System 171
is synchronized with that of Central Control System 101
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by the active central control. A microsecond clock in the
active signal processor, which is synchronized on two
levels with the microsecond clock in the active central
control, provides one-half microsecond pulses at one-
quarter microsecond intervals which permit a signal proc-
essor of Signal Processor System 171 to perform a series
of sequential actions within one or more sequential basic
5.5 microsecond machine cycles. The number of sequen-
tial 5.5 microsecond machine cycles required by a signal
processor to execute a machine instruction varies in ac-
cordance with the particular machine instruction being
executed, A number of special purpose sequence circuits
control the sequential actions of a signal processor during
successive machine cycles in accordance with the ma-
chine instruction being executed.

The design of Signal Processor System 171 is predicated
upon the demands of real time, the internal functions it
must perform, and the basic machine instructions neces-
sary to accomplish these ends. The machine instructions
have been designed to perform efficiently and quickly the
various special purpose data processing operations which
must be performed by Signal Processor System 171 and
to permit versatile programming of the more basic data
processing operations,

SIGNAL: PROCESSOR CALL STORE SYSTEM 172

Signal Processor Call Store System 172 is a word or-
ganized, random access, high capacity memory system
wherein the program for controlling Signal Processor Sys-
tem 171 and the data upon which Signal Processor System
171 operates are stored. Each signal processor community
of Signal Processor System 171 is discretely associated
with a separate Signal Processor Call Store System 172.
Accordingly, if more than one signal processor commun-
ity is included in Signal Processor System 171, a corre-
sponding number of Signal Processor Call Store Systems
172 is provided.

A signal Processor Call Store System 172 comprises
at least two independent call stores and may comprise any
integral number of call stores from two through eight.
Accordingly, a particular call store within a Signal Proc-
essor Call Store System 172 may be defined by a 3-bit
code word comprising bits KO-K2. The information, both
instruction and data words, stored in Signal Processor
Call Store System 172 is duplicated in a manner identical
to that described above with reference to Central Control
Call Store System 103. Each call store is divided into a
left and right half and adjacent left and right halves of
successive call stores within Signal Processor Call Store
System 172 contain the same program and data informa-
tion.

Information is retrieved from Signal Processor Call
Store System 172 by a call store command from Signal
Processor System 171 which designates an information
group code mame and the location of the desired in-
struction word or data word within the designated infor-
mation group. Similarly, information is written into Sig-
nal Processor Call Store System 172 in response to a call
store command from Signal Processor System 171 which
designates an information group code name and the loca-
tion which is to receive the data and the coded data which
is to be written into the designated memory location.

The composition of a call store command and a re-
sponse thereto by a call store is described fully in the
aforenoted Doblmaier application. The various modes in
which a call store may be operated are also described in
the Doblmaier et al. patent application. Accordingly, no
detailed description thereof is included herein. However,
those functions of Signal Processor Call Store System 171
which are necessary for an understanding of the present
invention will be briefly described where appropriate
throughout the remainder of this description.

The information stored in Signal Processor Call Store
System 171 includes:
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(1) The program of instruction words which control the
operation of Signal Processor System 171 when Signal
Processor System 171 is not responding to commands
from Central Control System 101; and

(2) The data generated and utilized by Signal Processor
System 171 in carrying out its programmed data proc-
essing operations.

Accordingly, the information stored in Signal Processor
Call Store System 172 is a mixture of instruction words
and data words. Among the types of data stored in Signal
Processor Call Store System 172 are:

(1) Information relating to calls, such as supervisory
change of state information, which is received from
Switching Network 120 and miscellaneous administra-
tive circuits of the switching system;

(2) Information relating to calls which is received by
way of Signal Processor System 171 from Central Con-
trol System 101 for processing by Signal Processor Sys-
tem 171; and

(3) System work lists and queues.

Input-output system 180

COMMUNICATIONS WITHIN THE
SWITCHING SYSTEM

A plurality of bus systems and cable systems provide
the communications paths for transmitting control sig-
nals and information between the elements of Central
Processor 100 and between Central Processor 100 and
various other divisions of the switching system. The physi-
cal characteristics of the bus and cable systems employed
herein are described in the aforenoted Doblmaier et al.
patent application. In general, a bus system includes two
duplicate buses designated bus “0” and bus “1” each com-
prising a plurality of pairs of conductors which are trans-
former coupled between an information source or sources
and an information destination or destinations. Data is
transmitted over a bus in parallel in the form of short
pulses which arrive at the information destination at a
common time.

Multiconductor cables provide discrete bidirectional
communications paths between selected divisions of Cen-
tral Processor 100 and other divisions of the switching
system. The conductor pairs of these cables are either
transformer coupled or directly connected to the source

5 of control signals and the destination thereof.

FIG. 1 of the drawing does not show in detail the vari-
ous bus and cable systems providing communication paths
between the various portions of the switching system.
FIG. 1 merely illustrates the flow of information between
particular divisions of the switching system to indicate
from what switching system divisions each functional
block receives input information. A further more detailed
description of communication between certain divisions of
the switching system and within Central Processor 100
is given later herein.

CENTRAL PULSE DISTRIBUTOR SYSTEM 143

Central Pulse Distributor System 143 is a high speed,
electronic translator which provides two classes of output
signals in response to CPD commands from Central Con-
trol System 101 and from Signal Processor System 171.
The first class of output signals are termed unipolar sig-
nals and the second class are termed bipolar signals. These
signals perform specific control functions in various por-
tions of the switching system.

The internal operation of Central Pulse Distributor
System 143 is described in some detail in the Doblmaier
et al. patent application referred to above. Accordingly,
only those functional details necessary to an understand-
ing of the present invention are included herein. Central
Pulse Distributor System 143 may comprise a plurality of
central pulse distributors. The number of central pulse
distributors i8 primarily determined by the size of the
switching system and is limited only by the coding format
of CPD commands,
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MASTER SCANNER SYSTEM 144

Master Scanner System 144 comprises one or more scan-
ners each capable of supervising 512 circuits, Each scan-
ner comprises a ferrod matrix for terminating the circuits
to be supervised and means for selectively transmitting to
Central Control System 101 and to Signal Processor Sys-
tem 171 the supervisory states of a selected group of
supervised circuits in response to a network command
from Central Control System 101 or from Signal Proces-
sor System 171 of Central Processor 100. The scanners
of Master Scanner System 144 are not duplicated. Master
Scanner System 144 is generally like the network scan-
ners 123, 127, 135, 139 which are distributed through
the network frames 121, 126, 134, 138; however, Master
Scanner System 144 is employed to supervise certain cir-
cuit elements of the switching system which reflect the
operating state of the system. The supervisory states of
these selected circuit elements are helpful in system main-
tenance and trouble diagnosis. Master Scanner System
144, like the metwork scanners 123, 127, 135, 139, is a
relatively fast operating circuit and may be addressed
with a network command at a maximum rate of once
every eleven microseconds from either Central Control
System 101 or Signal Processor System 171.

The details of the operation of Master Scanner Sys-
tem 144 are set forth in the aforenoted patent applica-
tion of Doblmaier et al. The scanners employed in Mas-
ter Scarmer System 144 are described in detail in the co-
pending U.S. patent application of A. M. Guercio and
H. F. May, Ser. No. 250,416, filed Jan. 9, 1963, which
issued as U.S. Patent 3,254,157 on May 31, 1966, No
further discussion of the make-up or operation of the
scanners utilized both in Master Scanner System 144 and
as network scanners 123, 127, 135, 139 is included herein.
Reference may be made to the above patent applications
for more complete description of these scanners.

SWITCHING NETWORK 120

Switching Network 120 provides selectable metallic
connections for connecting lines to lines via junctor cir-
cuits; lines to trunks; trunks to trunks; and lines and
trunks to tones, signal transmitters, signal receivers, main-
tenance circuits and other service type circuits required
for specific telephone functions. The make-up of Switch-
ing Network 120 and the control thereof are more fully
described in the following patents: U.S. Patent 3,257,-
513, issued June 21, 1966 to A. Feiner; U.S, Patent 3,281,-
539, issued Oct. 25, 1966, to K. S. Dunlap et al; U.S.
Patent 3,231,679, issued Jan. 25, 1966, to T. N. Lowry;
and the aforenoted Doblmaijer et al. patent application,
all of the above having the same assignee as the present
application.

Switching Network 120 provides only communication
paths, means for establishing such communication paths,
and means for supervising such paths. Central Processor
100 maintains a record of the busy and idle states of all
network links and maintains a record of the make-up of
every established or reserved communication path through
Switching Network 120. These records are maintained in
Central Control Call Store System 103 of Central Proc-
essor 100. The record relating to the busy-idle states of
the network elements is generally referred to as the net-
work memory map. Central Processor 100 interprets re-
quests for connections between specific pieces of equip-
ment and determines a free communication path through
Switching Network 120 by examining the connection re-
quirement and the above-noted busy-idle states of the
possible connecting paths.

In this specific illustrative embodiment, control of
Switching Network 120 and its various supervisory cir-
cuits 123, 127, 128, 135, 136, 139, 140 et cetera is usually
accomplished in response to network commands trans-
mitted from Signal Processor System 171 of Central
Processor 100 to Switching Network 120 via Network
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Command Bus System 104, Immediate control of Switch-
ing Network 120 and the control and supervision of the
elements connected to Switching Network 120 are dis-
persed through a number of control and supervisory cir-
cuits. This dispersement provides an efficient and con-
venient buffer between the extremely high speed Central
Processor 100 and slower network elements. The prin-
cipal control and supervisory elements are:

(1) Network control circuits 122, 131 which accept net-
work commands from Signal Processor System 171
and, in response to such commands, selectively estab-
lish portions of a selected communication path through
Switching Network 120 or execute particular test or
maintenance functions; ‘

(2) Network scanners 123, 127, 135, 139, each of which
comprises a ferrod scanning matrix to which system
elements such as lines, trunks and junctor circuits are
connected for purposes of observing the supérvisory
states of the elements, and which, in response to net-
work commands from Signal Processor System ‘171,
transmit to Signal Processor System 171 via Scanner
Answer Bus System 108 indications of the supervisory
states of a selected group of circuit elements;

(3) Network signal distributors 128, 136, 140 which, m
response to network commands from Signal Processor
System 171, provide operate or release signals on a
selected distributor output terminal. These signals are
employed to operate or release control relays in junc-
tor circuits, trunk circuits and service circuits.

The network control circuits 122, 131 and the network
signal distributors 128, 136, 140 are relatively slow op-
erating circuits and, to assure completion of a task, each
of these circuits is addressed with network commands at
a maximum repetition rate of once every twenty-five
milliseconds. However, different ones of these circuits can
be addressed at eleven microsecond intervals. The net-
work scanners 123, 127, 135, 139 are relatively fast op-
erating circuits and may be addressed with network com-
mands at a maximum repetition rate of once every eleven
microseconds,

The organization of Switching Network 120, the asso-
ciation of the network control and supervisory circuits
with the network elements, the communication systems
between the network control and supervisory circuits and
Central Processor 100 and the transmission paths through
Switching Network 120 are described in further detail in
the aforenoted patents and copending patent application.
With the exception of those operations necessary for an
understanding of the present invention, no further de-
scription of Switching Network 12¢ is included herein.

MISCELLANEOUS NETWORK UNITS 174

The other major divisions of the switching system such
as the teletype unit, the program store card writer and
the message accounting tape unit are described in the
aforenoted Doblmaier et al. patent application. These sys-
tem divisions will not be described herein, it being under-
stood that they are substantially identical to those de-
scribed in the Doblmaier et al. application.

GENERAL TELEPHONE FUNCTIONS

Central Control System 101 and Signal Processor Sys-
tem 171 operate simultancously and independently. Un-
der control of the program obtained from Signal Proc-
essor Call Store System 172, Signal Processor 171 com-
bines the information it receives from the scanners 123,
127, 135, 139 with information contained in Signal and
Processor Call Store System 172 and processes the com-
bined information to recognize the origination or termi-
nation of calls, the completion of dialed digits and
other supervisory and administrative conditions. Nor-
mally, when Signal Processor System 171 has informa-
tion that is ready for further processing by Central Con-
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trol System 101, the information is stored in one of a
number of memory areas known as hoppers in Signal
Processor Call Store System 172. Typically, the subse-
quent processing of this information by Central Control
System 101 results in the selection of appropriate paths
through Switching Network 120 and in the loading of the
necessary control information in appropriate memory
areas (order buffer registers) of Signal Processor Call
Store System 172. Signal Processor System 171 unloads
the control information from Signal Processor Call Store
System 172 and displaces the appropriate commands to
the network command units involved. Thus, the activities
of Signal Processor System 171 can be broadly character-
ized as gathering data to be processed by Central Control
System 101, loading hoppers in Signal Processor Call
Store System 172 with that information and unloading
and processing of information placed in Signal Proces-
sor Call Store System 172 by Central Control System
101.

The above description indicates an indirect type of
communication between Central Control System 101 and
Signal Processor System 171 by way of Signal Processor
Call Store System 172. This type of communication is
implemented by the ability of Central Control System
101 to address Signal Processor System 171 with a call
store command as if it were a part of Central Control
Call Store System 103. The call store command from Cen-
tral Control System 101 is received by Signal Processor
System 171 which recognizes from the encoding of the call
store command that the command pertains to a particu-
lar one of the call stores in Signal Processor Call Store
System 172. Upon recognizing this fact, the particular
signal processor or signal processor community in Signal
Processor System 171 to which the command is directed
will stop its independent operation. In the next 5.5 micro-
second machine cycle the stopped signal processor ad-
dresses the appropriate call store of Signal Processor Call
Store System 172 in accordance with the call store com-
mand received from Central Command System 101. Upon
completion of the appropriate communications function
between Signal Processor System 171 and Signal Proc-
essor Call Store System 172, the stopped signal processor
resumes its normal independent operation. For control
and maintenance purposes, Central Control System 101
can communicate directly with Signal Processor System
171 by means of a call store command which is encoded
to indicate the particular signal processor to which the
command is directed.

A general discussion will now be presented of the
progress of a typical call through the switching system.
In general, Signal Processor System 171 receives input in-
formation from the network scanners 123, 135, 139, 127
and Master Scanner System 144 via Scanner Answer
Bus System 108 and processes this information to de-
termine if any system action is required. If it is ascer-
tained that some system action is necessary, an indication
is placed by Signal Processor System 171 in a particular
memory location (hopper) of Signal Processor Call Store
System 172,

Central Control System 101, in accordance with its
own program obtained from Central Control Program
Store System 102, periodically commands Signal Processor
System 171 to read specified memory locations of Signal
Processor Call Store System 172 and to return the in-
formation obtained thereby to Central Control System
101. During the execution of such a command all unre-
lated data processing by Signal Processor System 171 is
stopped until the execution of the command from Cen-
tral Control System 101 is completed. Central Control
System 101 then utilizes its own program and data ob-
tained from Central Control Call Store System 103 to
determine the nature of the required system action and to
generate information defining the system action. Informa-
tion defining the required system action is then transmit-
ted by Central Control System 101 to Signal Processor
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System 171 which causes this information to be stored
in Signal Processor Call Store System 172, Unrelated data
processing activity within Signal Processor System 171 is
again stopped until the operation requested by Central
Control System 101 is completed. Signal Processor System
171 then utilizes its own program, as obtained from Sig-
nal Processor Call Store System 172, to process the in-
formation received from Central Control System 101 and
to generate the necessary system commands which result
in the execution of the required system action. According-
ly, Central Control System 101 retains the more complex
data processing operations while Signal Processor Sys-
tem 171 performs the more routine operations such as
scanning, switching network control, system timing, and
elementary data processing.

It is now assumed, as a starting point, that interroga-
tion of Signal Processor Call Store System 172 by Signal
Processor System 171 has provided an instruction word
defining a machine instruction which directs the scanning
of subscriber lines. Signal Processor System 171 will trans-
mit a network command via Network Command Bus Sys-
tem 104 to line scanner 123 which requests that line scan-
ner 123 determine the individual supervisory states of a
group of sixteen subscriber lines, such as 162, 163. The
identity of the group of subscriber lines is included in the
network command transmitted from Signal Processor
System 171 to line scanner 123, Subsequent network com-
mands from the Signal Processor System 171 will instruct
line scanner 123 to interrogate scanning elements associ-
ated with the other groups of subscriber lines supervised
by line scanner 123. The individual supervisory states of
the sixteen subscriber lines in a group of lines will be
transmitted back to Signal Processor System 171 in paral-
lel over Scanner Answer Bus System 108,

Signal Processor System 171, in accordance with its
own program as obtained from Signal Processor Call
Store System 172, interprets the scanning results by proc-
essing the present supervisory states of the individual
lines and their prior supervisory states, which are recorded
in Signal Processor Call Store System 172. Service re-
quests are thereby detected. Line scanners such as 123
are employed to detect only requests for service and not
answers and disconnects during the normal scanning se-
quence. Information as to the prior supervisory state of
a subscriber line is obtained by Signal Processor System
171 from Signal Processor Call Store System 172 at an
address which is discrete to the particular subscriber line.
If there is a change in the supervisory state from on-hook
to off-hook, Signal Processor Call Store System 172 is
updated by Signal Processor System 171 to reflect this
change in supervisory state, and Signal Processor System
171 interprets such a change as a request for service.

Having detected an initial change of the subscriber line
from on-hook to off-hook, Signal Processor System 171
enters information into Signal Processor Call Store Sys-
tem 172 which defines the call requesting line. The
memory area into which this information is written is
termed a “line service request hopper.”

The program of Central Control System 101, obtained
from Program Store System 102, causes Central Control
System 101 to initiate periodic commands to Signal Proc-
essor System 171 requesting the information stored in
particular memory areas in Signal Processor Call Store
System 172. Such a request is now made, responsive to
which Signal Processor System 171 momentarily stops any
unrelated data processing activity, reads the information
from the line service request hopper of Signal Processor
Call Store System 172 and returns that information to
Central Control System 101. This information is con-
verted by Central Control System 101 in cooperation with
Program Store System 102 into a line equipment number.
The line equipment number is then recorded in Central
Control Call Store System 103 in a selected one of a plu-
rality of memory areas termed basic originating registers.

The line equipment number is then utilized by Central
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Control System 101 to determine the line class of service
and the type of call signaling receiver required to accept
call signals from the calling subscriber line, This informa-
tion is found in Central Control Program Store System
102 or, in the case of recent changes, in Central Control
Call Store System 103 and is then recorded in the basic
originating register of Central Control Call Store System
103.

Having determined the type of call signaling receiver
required, Central Control System 101 is prepared to find
an idle receiver of that type and then to examine the net-
work memory map of Central Control Cal] Store System
103 to determine an idle communication path through
Switching Network 120 between the calling subscriber
line and the idle call signaling receiver. As a communica-
tions path through Switching Network 120 is found, the
elements, i.e., network links, of the selected network path
are marked busy in the network memory map of Central
Control Call Store System 103.

Central Control System 101 then prepares a work list
of the system operations required to complete the desired
connection through Switching Network 120 and transmits
this information to Signal Processor System 171, which
stops unrelated data processing operations and causes this
work list information to be stored in Signal Processor Call
Store System 172. The memory area of Signal Processor
Call Store System 172 in which this work list information
is stored is termed an “order buffer register” and com-
prises a plurality of memory cells.

Signal Processor System 171, in accordance with its
own program of machine instructions obtained from Sig-
nal Processor Call Store System 172, proceeds to perform
the necessary operations and to generate the appropriate
CPD and network commands for carrying out the system
function defined by the work list information in the order
buffer registers of Signal Processor Call Store System 172.
These operations may include generating and transmitting
the necessary commands to Switching Network 120 and
Central Pulse Distributor System 143 for:

(1) Establishing a communication connection through
Switching Network 120 between the calling line and the
selected call signaling receiver, omitting that portion
of the connection which connects the calling line with
the network;

(2) Performing a false cross and ground test upon the
established network path;

(3) Connecting the calling subscriber line to the estab-
lished network path and performing a power cross test;

(4) Disconnecting a scanning element associated with
the calling subscriber line to remove the bridging loss
of the scanning element from the line;

(5) Operating a dial tone relay in the call signaling re-
ceiver causing dial tone to be transmitted over the net-
work path to the calling subscriber line; and

(6) Transferring supervision of the calling subscriber line
to the call signaling receiver.

Each call signaling receiver is associated with a memory
area of Signal Processor Call Store System 172 termed
herein an auxiliary originating register. An auxiliary
originating register comprises a plurality of memory stor-
age cells, Included in the information previously trans-
mitted from Central Control System 101 to Signal Proc-
essor System 171 was the address of the selected basic
originating register within Central Control Call Store Sys-
tem 103. This address is stored in the auxiliary originating
register associated with the selected call signaling receiver
in Signal Processor Call Store System 172.

Assuming that the calling subscriber proceeds to trans-
mit call signaling information, either dial pulse or
TOUCH-TONE, to the connected call signaling receiver,
Signal Processor System 171, in accordance with its own
program and by means of information derived from trunk
scanner 139 or Master Scanner System 144 in response to
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network commands from Signal Processor System 171,
will register the derived call signaling information in the
auxifiary originating register of Signal Processor Call
Store System 172 which is discretely associated with the
connected call signaling receiver, When the first call sig-
nals are registered in the auxiliary originating register,
Signal Processor System 171 causes the address of the
basic originating register to be placed in another partic-
ular memory area of Signal Processor Call Store System
172 which is termed the “remove dial tone hopper.” Upon
receipt of a periodic request from Central Control Sys-
tem 101, Signal Processor System 171 agiin halts any
unrelated data processing activity, reads the information
in the remove dial tone hopper and transmits it to Cen-
tral Control System 101. Central Control System 101 then
stores a dial tone removal indication in the basic origi-
nating register of Central Control Call Store System 103
and forwards a remove dial tone command to Signal
Processor System 171. Data processing by Signal Proc-
essor System 171 is halted and this remove dial tone com-
mand is stored in an order buffer register of Signal Proc-
essor Call Store System 172. In accordance with its own
program, Signal Processor System 171 retrieves this in-
formation from the order buffer register of Signal Proc-
essor Call Store System 172 and generates a network
command to a signal distributor 140 via Network Com-
mand Bus System 104. Signal distributor 140 responds
to the network command by generating a control signal
which causes the dial tone relay of the call signaling re-
ceiver to be released and dial tone to be removed from
the communicating path through Switching Network 120.

When the first complete digit of call signaling informa-
tion has been stored in the auxiliary originating register
of Signal Processor Call Store System 172, it is loaded
under the control of Signal Processor System 171 into
another hopper of Signal Processor Call Store System 172.
In response to a request from Central Control System 101,
Signal Processor System 171 again momentarily halts its
own operations, reads this hopper and transmits the first
digit of call signaling information to Central Control Sys-
tem 101. The first digit is then stored in the basic origi-
nating register of Central Control Call Store System 103.

After the first digit is registered in the basic originating
register of Central Control Call Store System 103, it is
examined to ascertain whether or not it fully defines the
destination of the call or if it may alert Central Control
System 101 as to the general destination of the call. As
the registration of call signaling information progresses,
the registered information will be examined periodically
by Central Control System 101 at discrete times in order
to determine the destination of the call as early as possible
in time. This periodic examination is performed by execu-
tion of a sequence of program orders from Central Con-
trol Program Store System 102.

As each digit of call signaling information is received
and registered in the auxiliary originating register of
Signal Processor Call Store System 172, it is loaded into
a hopper of Signal Processor Call Store System 172 and
subsequently transmitted to Central Control System 101
in the same manner as was the first digit. Each digit is
stored in the basic originating register of Central Con-
trol Call Store System 103. When all expected digits have
been stored in the basic originating register, the dialed
number is translated by Central Control System 101 and
Central Control Program Store System 102 into informa-
tion defining a particular destination apparatus, namely
a line, a trunk or a service circuit. As soon as that
destination apparatus is known, Central Control System
101 will, in accordance with program orders obtained
from Central Control Program Store System 102, deter-
mine from information stored in Central Control Call
Store System 103, the availability of the called destination
apparatus. If the desired destination apparatus is idle,
Central Control System 101 will mark the destination
apparatus busy in the appropriate busy-idle spot of Cen-
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tral Control Call Store System 103 and will examine the
network memory map in Central Control Call Store
System 103 to determine the availability of a communica-
tion path through Switching Network 120 between the
calling subscriber line and the destination apparatus.

If the required connection is to a service code number,
the connection is directly established between the calling
subscriber and the destination apparatus. However, if
the call requires an outgoing trunk, a connection is first
established between an appropriate call signal transmitter,
either dial pulse or MF, and an idle trunk in the proper
trunk group. The trunk circuit is placed in the bypass
condition wherein it acts merely as a direct transmission
path and the appropriate call signaling information is
forwarded to the distant office. After the call signaling
function has been completed, the connection between the
call signal transmitter and the destination trunk is broken
down and, in a second step, a connection is made between
the calling subscriber and the destination trunk which is
now removed from the bypass condition. In this type of
call, ringing current and ringing induction are supplied
either from the trunk circuit or from the distant office.

It is assumed for purposes of this description that the
call requested by the calling subscriber is to a subscriber
served by the same central office. To complete such an
intraoffice call, the connection between the calling sub-
scriber and the called subscriber is accomplished in two
steps. In the first step, two connections are established
through Switching Network 120. A first connection is
established between the called subscriber and a source of
ringing current. A second connection is established be-
tween the calling subscriber and a source of ringing
induction.

Central Control System 101 first selects an idle ring-
ing current source by interrogating Central Control Call
Store System 103. Central Control System 101 then deter-
mines a path through Switching Network 120 between the
selected ringing current source and the called subscriber
line from the network memory map of Central Control
Call Store System 103. At the same time, a source of ring-
ing induction is selected and another path through Switch-
ing Network 120 between the calling subscriber line and the
ringing induction source is determined by Central Control
System 101 in cooperation with Central Control Call Store
System 103,

Upon selecting the ringing current path and the ringing
induction path, Central Control System 101 generates
commands to Signal Processor System 171 which define
the operations necessary to release the dial tone con-
nection, to establish an audible ringing connection to the

calling subscriber line, and to establish a ringing current *

connection to the called subscriber line. This information
is transmitted to Signal Processor System 171 which
momentarily ceases its own operations and causes it to
be stored in an order buffer register of Signal Processor
Call Store System 172.

Signal Processor System 171 then, in accordance with
its own program of machine instructions, proceeds to
process the contents of the order buffer registers and to
generate the appropriate network and CPD commands for
establishing the required connections and for releasing the
dial tone connection. At the same time, Central Control
System 101 examines the network memory map of Cen-
tral Control Call Store System 103 and determines a talk-
ing path through Switching Network 120 between the
calling subscriber line and the called subscriber line. Cen-
tral Control System 101 reserves this talking path by
marking the components thereof busy in the network
memory map of Central Control Call Store System 103.

Upon completion of the operations dictated by the
information stored in the order buffer registers of Signal
Processor Call Store System 172 by Signal Processor
System 171, Signal Processor System 171 notifies Central
Control System 101 that the orders have been executed.
Central Control System 101 then updates the network
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memory map in Central Control Call Store System 103
to indicate the availability of the links previously used in
the dial tone path and also updates the basic originating
register in Central Control Call Store System 103 making
it available for use in processing another call.

Signal Processor System 171, in accordance with its
own program of machine instructions, then proceeds to
generate CPD and network commands which inifiate
various testing operations on the established communi-
cations paths through Switching Network 120, transfer
the supervision of the calling subscriber line to the source
of ringing induction, and initiate periodic scanning of
the call connection for an answer indication. When an
answer is detected, in much the same manner as the
detection of a service request as described above, Signal
Processor System 171 records this information in still
another hopper of Signal Processor Call Store System
172. Responsive to a command from Central Control
System 101, Signal Processor System 171 stops its inde-
pendent operations, obtains the information stored in this
hopper and transmits it to Central Control System 101.
Central Control System 101 then generates the necessary
commands for releasing the ringing connections, for
establishing the talking connection already reserved, for
transferring supervision to the junctor circuit included in
the talking path, and for operating the relays necessary
to complete the talking connection within the junctor cir-
cuit. This information is transmitted to Signal Processor
System 171 which again ceases independent operation and
causes it to be stored in an order buffer register in Signal
Processor Call Store System 172. Signal Processor System
171 then independently performs the operations necessary
to generate the appropriate commands for carrying out
the system functions required by the information received
from Central Control System 101. Signal Processor Sys-
tem 171 then informs Central Control System 101 that
the required system actions have been successfully com-
pleted and Central Control System 101 updates Central
Control Call Store System 103 to reflect the availability
of the segments of the two ringing connections now
released.

Although the above general functional description of
the manner in which a call is processed by the switching
system is presented in sequential individual steps, it should
be noted that no single call is processed to completion
before the processing of another call starts. Each step set
forth above is intermingled with other similar steps of
other calls. Further, each similar step is completed in
turn for several calls before the next sequential step is
commenced.

The above short description of the processing of one
type of call by the system is intended to illustrate the
manner in which the various divisions of Central Proces-
sor 100 cooperate with the other divisions of the switching
system in processing calls. It is also intended to illustrate
the type of data processing operations required of Signal
Processor System 171 in comparison to the type of data
processing operations required of Central Control Sys-
tem 101. .

The various work functions described above as being
performed by Signal Processor System 171 are imple-
mented by means of program sequences of machine in-
structions stored in Signal Processor Call Store System
172. The various data processing actions taken by Signal
Processor System 171 in response to each machine in-
struction are described in detail later herein. As noted
above, these machine instructions have been designed to
perform the various special input-output type data
processing operations allotted to Signal Processor System
171 with a high degree of speed and efficiency.

GENERAL MAINTENANCE FUNCTIONS

) The dependability of system operation is of utmost
importance and, as far as possible, the same equipment
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is. employed to perform both the telephone functions and
the maintenance functions for the switching system. The
following” discussion will touch only upon the broad
principles of maintenance employed. Later herein a ful'er
discussion of maintenance techniques employed in certain
of the system divisions is presented.

As a matter of principle, each of the major elements
of the system is duplicated either completely or in part.
This equipment redundancy permits the system to con-
tinue to operate in the presence of both errors and faults.

The maintenance operations and provisions of Cen-
tral Control System 101, Centra]l Control Program Store
System 102, Central Control Call Store System 103, and
Switching Network 120 are described in considerable de-
tail in the aforenoted Doblmaier et al. patent application.
Accordingly, the major portion of this discussion is di-
rected to Signal Processor System 171 and Signal Proces-
sor Call Store System 172 which are not described in
the Doblmaier et al. application.

Signal Processor System 171 always comprises two
signal processors in each signal processor community of
the system. In the usual mode of operation, both signal
processors of a signal processor community are perform-
ing identical work operations. Whenever possible, the
signal processors obtain the same input information from
different sources and over different transmission facilities.
For example, since the information obtained from Signal
Processor Call Store System 172 is duplicated in separate
call stores, one signal processor will receive information
from a first call store having the desired information via
a first bus and the second signal processor will receive
information from the other call store having the desired
information via another bus, Assuming that the informa-
tion obtained from the two call stores is identical and
that the communications paths are operating properly, the
two signal processors will perform the same work func-
tions. However, at any given instant only one signal
processor, the active signal processor, can alter the con-
nections throngh Switching Network 120 or, in general,
can exert any control over the operation of the system.
There are a few exceptions, which are described later
herein, whereby the other signal processor, i.e., the stand-
by signal processor, may perform off-line work functions
which are different from those which are performed by
the active signal processor.

In the normal in-step mode of operation, the two
signal processors of a signal processor community should
be operating upon identical input information. Therefore
their operation should be identical. Correspondence of

action of the two signal processors is carefully checked ;

by routinely comparing the flow of data through each
signal processor. Two such checks are made during each
machine cycle. In the event that a mismatch is found
between the data as it flows through the two signal proc-

essors, Ceneral Control System 101 is alerted and the ;

operation of the signal processors is halted.

In addition to the flow of data through the two signal
processors, each signal processor performs a plurality of
checks on the data which it processes. For example, in-
formation which is obtained from Signal Processor Call
Store System 172 is protected by means of parity bits. A
parity failure causes the signal processor community to
halt momentarily and the information is automatically re-
read from Signal Processor Call Store System 172.

Two types of malfunctions may be indicated by the
system. An error, as defined herein, is a malfunction of
equipment which the system is not able to reproduce by
a systematic logical procedure. A fault, as defined herein,
is a malfunction of equipment which the system is able to
reproduce repeatedly by a systematic logical procedure.
When a trouble condition is first noted it is not known
whether this indication represents an error or a fault;
therefore the system must undertake steps to make this
determination. For example, if an ecror is detected in
reading Signal Processor Call Store System 172, Signal
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Processor System 171 temporarily halts and rereads the
particular call store. If the trouble condition persists, a
possible fault is indicated and a trouble indication is trans-
mitted to Central Control System 101. If the trouble con-
dition does not persist, a transient error is indicated and
the signal processors proceed with their assigned tasks.
1t should be noted however that each signal processor of
Signal Processor System 171 increments a physical binary
counter each time an error is noted and from time to time
this counter is reset. At some time before resetting the
counter, however, the output of the counter is examined
by Central Control System 101 to assure that the number
of errors which have occurred in a fixed unit of time have
not exceeded .a certain maximum number. This procedure
assures that the system is not overly burdened by large
numbers of single nonrepeatable errors which probably in-
dicate a system trouble, Nonrepeatable errors reduce the
call processing capacity of Signal Processor System 171 in
that the rereading operation requires additional time.

The various procedures which Central Control System
101 employs in response to trouble indications are de-
scribed in some detail in the Doblmaier et al. patent ap-
plication referred to above. Fault recognition programs,
routine test programs, and diagnostic programs .are em-
ployed to detect and diagnose troubles encountered by
the system. These programs are stored in Central Control
Program Store System 102 and are implemented by Cen-
tral Control System 101,

EQUIPMENT DESCRIPTION OF SIGNAL
PROCESSOR 200

The aforenoted patent application of Doblmaier et al.
describes in detail the internal operations and the co-
operative operations of all major components of the
switching system except for Signal Processor System 171.
Accordingly, the remainder of this specification will be
specifically directed to the organization of Signal Processor
Systern 171 and its operation in association with the other
major divisions of Central Processor 100 and the other
components of the switching system. A brief functional
description of Signal Processor System 171 is first pre-
sented followed by a more detailed description of the
organization of a signal processor 200 within Signal Proc-
essor System 171. Subsequently a description of the oper-
ations of a signal processor 200 is presented,

As previously noted, Signal Processor System 171 com-
prises at least one community of signal processors. Each
community of signal processors includes two identical
signal processors. FIG, 2 of the drawing illustrates in
block diagram form the organization of one signal proc-
essor 200. FIG. 3 through FIG. 51 when arranged in ac-
cordance with FIG. 77 show in more detail the organiza-
tion of signal processor 200. For the majority of this
description, it will be assumed that Signal Processor Sys-
tem 171 incorporates only one signal processor community
and that this signal processor community comprises signal
processor 200 and one other identical signal processor.

Throughout the drawing employed herein, with certain
minor exceptions, each circuit block, lead, cable and bus is
designated either with a pure numerical designation or
with a combined numerical and alphabetical designation.
Generally, buses, cables and leads are designated numer-
ically and circuit blocks are designated with a combined
numerical and alphabetical designation. The first two digits
of each numerical designation identify the figure of the
drawing on which the specified lead, cable or bus origi-
nates. For example, order cable 4209 originates on FIG.
42 of the drawing. Similarly, the first two digits of each
combined numerical and alphabetical designation specify
the figure of the drawing on which the designated circuit
block is represented. For example, register 21BR is rep-
resented on FIG. 21 of the drawing. Since certain circuit
blocks extend over more than one figure of the drawing,
for example OCG circuit 420CG, an arbitrary numerical
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prefix 42 was selected. This method of designation is em-
ployed as much as possible throughout the drawing.

In many instances throughout the drawing, single lines
are utilized symbolically to represent a plurality of con-
nections such as a cable or a bus as previously defined
herein. The nature of such connections is clearly indicated
in the specification when reference is made thereto.

In certain instances, the binary states of a circuit are
provided on a pair of output conductors which are alter-
natively energized. Such an arrangement is called a double
rail circuit. Accordingly, binary devices providing in-
dividual “zero” and “one” state output signals are called
double rail logic elements herein. In other instances, only
one of the two states of a binary device is employed as
an output signal, Such arrangements are called single rail
circuits.

In order to simplify the drawing and description there-
of, most of the logic circuits are represented only in block
form. Boolean expressions and equations are provided
to define the input information to a block which will
give rise to an output signal on a particular output con-
ductor from that block. In these Boolean expressions,
two types of notation are employed; one for double rail
input information and one for single rail input infor-
mation. Where single rail input information is employed,
the incorporation of a lead designation in a Boolean ex-
pression indicates that a signal must be present on that
input conductor to produce the desired function; where-
as the incorporation of an overlined lead designation
indicates that no signal can be present on that conductor
if the desired function is to be produced. Where input
information is received on a double rail basis, the in-
corporation of a lead designation in a Boolean expres-
sion indicates that a signal must be present on that con-
ductor to produce the desired function. The incorpora-
tion of an overlined lead designation indicates that a
signal must be present on the correspondingly designated
input conductor to produce the desired function. For
example, the output conductors of instruction decoder
13ID are incorporated in cable 1311. Information is
supplied from decoder 13ID on a single rail basis. A
Boolean expression containing a term ENTK indicates
that conductor ENTK of cable 1311 must have a signal
thereon to produce the desired function; whereas, a
Boolean expression including a term ENTK indicates
that no signal can be present on conductor ENTK of
cable 1311 if the desired function is to be produced.
Flip-flop FFA in flip-flop group 32SC2 provides double
rail output information. Two output conductors 32FFA
and 32FFA are alternatively energized by flip-flop FFA
depending upon its SET or RESET condition. A Boolean
expression containing the term 32FFA indicates that flip-
flop FFA must be in a SET condition to produce the
desired function; whereas, a Boolean expression con-
taining the term 32FFA indicates that flip-flop FFA must
be in a RESET condition to produce the desired function.

Throughout the drawing, logical gates, symbols of
amplifiers, et cetera, represent in many cases, a plurality
of gates or amplifiers comprising a number of channels
equal to the number of individual signals to be trans-
mitted therethrough. For example, AND gates 2601 on
FIG. 26 represent sixteen AND gates through which the
sixteen bits of information on cable 1702 are transmitted
in response to a signal on gating conductor CPDEW.
Amplifier 1704 on FIG. 17 represents sixteen amplifiers
for amplifying sixteen signals received through pickoff
transformers 1706, Pickoff transformers 1706 represent
sixteen pickoff transformers for receiving sixteen indi-
vidual signals from Bus System 6502. The AND gate
symbol therefore represents a plurality of AND gates
equal in number to the number of information paths
included in a cable. If the cable conveys information on
a single rail basis, there is one AND gate per informa-
tion bit; however, if the cable conveys information on
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a double rail basis, the number of AND gates repre-
sented by the symbol equals two times the number of
information bits.

A second type of AND gate which converts informa-
tion from single rail to double rail is symbolized in FIG.
25 wherein gate 2501 i$ shown as a conventional AND
gate with a bar included inside the symbol. The infor-
mation on masked bus 30MB is on a single rail basis,
ie., masked bus 30MB comprises one conductor for
each of the information bits included in the data, and
these conductors are respectively energized when a binary
one is transmitted and are de-energized or held near
ground potential when a binary zero is transmitted. The
single rail data on masked bus 30MB is inverted on a
bit-by-bit basis by inverters incorporated in AND gate
2501. Both the inverted bits and the noninverted bits are
then applied to individual AND gates included within
AND gate 2501. All of these AND gates within AND
gate 2501 are enabled by a signal on conductor MBFR.
The output terminals of these gates represent the double
rail information which is employed to SET and RESET
individual flip-flop registers within register 25FR. Single
to double rail converting AND gates such as AND gates
2501 are well known in the art and will not be described
in detail herein. A brief description of this type of AND
gate is included in the aforenoted Doblmaier et al. patent
application under the heading entitled Equipment De-
scription,

A distinction is made in the following description be-
tween Boolean expressions and Boolean equations. A
Boolean equation, in the context of this description, de-
fines all possible circuit conditions under which a par-
ticular function is generated. A Boolean expression, how-
ever, defines only one set of circuit conditions under
which a particular function will be generated and does
not necessarily exclude the generation of that function
under other appropriate circuit conditions. Generally
speaking, Boolean expressions are utilized during the de-
scriptive material which follows in order to facilitate un-
derstanding of the particular operation being described.

Signal processor 200—General description

Signal processor 200 is a special purpose, stored pro-
gram data processor which performs selected system data
processing functions in accordance with instruction words
selectively read from a ferrite sheet memory designated
herein as Signal Processor Call Store System 172, A signal
processor 200 performs those repetitious and time con-
suming input and output system functions which, if per-
formed by Central Control System 101, would more
severely limit the over-all traffic handling capacity of the
switching system. The functions of signal processor 200
fall into three general categories:

(1) Signal processor 200 receives inputs from sources
outside Central Processor 100, and processes and stores
this change of state information in selected areas of
Signal Processor Call Store System 172. Central Con-
trol System 101 then reads the stored information from
Signal Processor Call Store System 172 by way of Sig-
nal Processor System 171 and performs the remaining
more complex processing functions.

(2) Signal processor 200 performs the data processing
operations required to generate and transmit output
signals to external system equipment outside Central
Processor 100 which is slower in operation than Central
Control System 101 or which requires specific timing.
The data to be processed by Signal Processor System
171 is placed by Central Control System 101 by way
of signal processor 20¢ into Signal Processor Call Store
System 172 or into selected flip-flop registers within
signal processor 200 itself.

(3) Signal processor 200 performs maintenance functions
which quickly detect troubles arising within itself and
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alerts Central Control System 101 that trouble has been
encountered.

For descriptive purposes, the organization of signal
processor 200, as illustrated in FIG. 2, may be divided
into four basic areas, namely, a communications area,
a control area, a data processing area and a maiptenance
area, The communications area includes:

(1) Communication gating circuifs which  selectively
accept information and control signals transmitted to
signal processor 200 from external sources and which
selectively transmit information and control signals

- from signal processor 200 to other components of the
switching system; and

(2) Flip-flop registers 9CCAR, 10CCDR, 12ASR, 13IR,
21BR, and 21AR which either register information

: recelved from Central' Control System 101 and from
Signal Processor Call Store System 172 or serve as a
‘source of information transmltted from signal proces-
sor 200, .

The control area of signal processor 200 generally
includes:

(1) Decoding circuits 10CCD, 1310D which decode the
information stored in registers 9CCAR and 13IR of
the communications area and provide D-C output sig-
nals which define the type of operation required of
signal processor 200;

(2) A clock circuit 47CLK, synchronized with the clock
of the active central control in Central Control System
101, which generates two separate timing pulse se-
quences for controlling the sequential gating operations
within signal processor 200;

(3) A plorality of sequence circuits 2SEQ which are
advanced through a plurality of sequence states during
the execution of commands and various machine in-
structions by signal processor 200 and which provide
D-C output signals to define and control the sequential
progréss of signal processor 200 in completing a par-
ticular series of prescribed actions;

(4) An order combining gate (OCG) circuit 420CG
which combines the D-C signals from sequence circuits
2SEQ, clock 47CLK, decoders 10CCD, 13I10D and
other sources within the data processing and main-
tenance areas of signal processor 200 to generate the
control signals which specify the sequential actions to
be taken by signal processor 200 in completing the
performance of a particular operation;

(5) A start-stop control 48SS which inhibits certain oper-
ations of signal processor 200 in response to control
signals received from Central Control System 101 or
in response to certain circuit conditions within signal
processor 200 itself;

(6) Interrupt control 49IC which transmits interrupt
signals to Central Control System 101 in response to
certain circuit conditions within signal processor 200;
and

(7) A 5 millisecond check circuit which is perlodlcally
checked by the program of Signal Processor System
171 to ascertain whether or not certain high priority
tasks require immediate attention.

The data processing area of signal processor 200 gen-
erally includes:

(1) A plurality of multistage flip-flop registers 19QR,
20KR, 21BR, 21AR, 22JR, 22LR, 23XR, 23YR, 24PR,
and 25FR, certain of which have specific independent
data processing capabilities;

(2) A data processing bus system incorporating an un-
masked 'bus 30UB connected to the outputs of the
multistage flip-fop registers noted above, a masked bus
30MB connected to the inputs of the multistage flip-
flop registers note above, and a combination logic cir-
cuit 30CBL which connects the unmasked bus 30UB
to the masked bus 30MB and which permits logical
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modification of data transmitted from the uninasked
bus 30UB to the masked bus 30MB;

(3) A plurality of indicator flip-flops 32SC2 which pro-
vide D-C outputs upon which data processing dec151ons
may be based; and

(4) A plurality of special purpose data processing cir-
cuits 300D, 14BSL, 14BSP, 14L.CC, 20SPM, 23ROD,
24NCT, and 25CPDT which perform specnﬁc data
processing functions described later herein.

The maintenance area of the signal processor 200 gen-
erally includes:

(1) A plurality of maintenance register flip-flop groups
3IMAC, 33SC1, 35NTC, 36CSC, 37SPE, 40CSE,
26CPDM which contro] the various modes of opera-
tion and communication by signal processor 200, and
which provide D-C indications of detected errors and
faults; :

(2) Parity generators 11PG which compute parity and
provide D-C indications of even or odd parity utilized
for checking information transmitted or. received by
signal processor 200;

(3) A data matching system incorporating internal match
bus 27IMB, external match bus 28EMB, match regis-
ters 27IMR, 27EMR, and matcher 27MAT which com-
pares the flow of data through signal processor 200
with the flow of data through the other signal processor
of the signal processor community and provides a
D-C indication of the result of such comparison;

(4) A critical address detection circuit including a flip-
flop register 12CAR and a matching circuit 12CAM
for detecting conditions wherein both signal processor
200 and Central Control System 101 are concerned
with data stored at the same memory location within
Signal Processor Call Store System 172.

A more detailed description of the various components
of the signal processor 200 and their operational capa-
bilities is presented later herein.

GENERAL OPERATIONAL SEQUENCE
Requests from central control system 101

As previously mentioned, Signal Processor System 171
is connected to Central Control System 101 by way of
the same Bus System 6401 which connects Central Con-
trol Call Store System 103 with Central Contro]l System
101. Accordingly, signal processor 200 is addressed by
Central Control System 101 in the same mannér in
which the call stores of Central Control Call Store System
103 are addressed. The make-up of a call store command
from a central control to Central Control Call Store Sys-
tem 103 is fully described in the aforenoted Doblmaier
et al, patent application and will not be described in
detail herein. Each command transmitted from Central
Control System 101 over Central Control Call Store
Address Bus System 6401 is received by signal processor
200 and registered in central control address register
9CCAR. The content of register 9CCAR is decoded by
central control decoder 10CCD to ascertain what type
of operation, if any, is required of signal processor 200
by Central Control System 101. The types of operations
which may be performed by signal processor 200 in re-
sponse to a command from Central Control System 101
include: .

(1) Writing information into certain of the flip-flop regis-
ters and flip-flop control groups of signal processor 200;

(2) Reading the content of certain of the flip-flop regis-
ters and flip-flop control groups of signal processor 200;

(3) Writing data into a specified memory location within
Signal Processor Cal] Store System172; and

(4) Reading data from a specified memory location of
Signal Processor Call Store System 172.

Decoder 16CCD provides a D-C input by way of OCG
cable 4600 to OCQG circuit 420CG which defines the type



3,408,628

29

of operation required of the signal processor 200. One
of the sequence circuits 2SEQ is then started by a signal
from OCG circuit 420CG and certain internal operations
of signal processor 200 are inhibited by start-stop con-
trol 48SS. OCG circuit 420CG combines the D-C inputs
from clock 47CLK, sequence circuits 2SEQ, decoder
10CCD and other circuits within signal processor 200
to generate the appropriate gating signals via order cable
4209 to execute the operation requested by Central Con-
trol System 101. Upon completion of the operation, start-
stop control 48SS ceases to inhibit the independent opera-
tion of signal processor 200 and normal operations are
resumed.

Operation with signal processor call store system 172

A single instruction word received from Signal Proces-
sor Call Store System 172 by signal processor 200 con-
trols the logical operations performed by signal proces-
sor 200 on either a single data word or on a group of
data words in sequence. Signal Processor Call Store
System 172 provides memory both for program instruc-
tions and for data generated and utilized by signal proces-
sor 200. Thus, the information stored in Signal Proces-
sor Call Store System 172 is a mixture of instruction and
data words.

In response to the receipt of a call store read com-
mand from signal processor 200, Signal Processor Call
Store System 172 reads the memory location identified
by the address included in the call store command. This
word is transmitted to signal processor 200 and, if it is
the first instruction word of a machine instruction, it is
placed simultaneously in instruction register 13IR and
data register 21BR. If the machine instruction comprises
more than one instruction word, the subsequent instruc-
tion words are placed only into data regsiter 21BR in
response to call store read commands, The first instruc-
tion word is decoded by instruction-option decoder 1310D
to identify the particular type of machine instruction that
is defined by the information present at any given time
in instruction register 13IR. D-C signals are fed into
OCG circuit 420CG by awy of OCG cable 4600 which
identify the machine instruction defined by the instruc-
tion word present in register 13IR. In response to pe-
riodic timing pulses received from clock circuit 47CLK,
the D-C inputs received from decoder 1310D, and other
input information indicating the outcome of intermediate
steps in the execution of the machine instruction, OCG
circuit 420CG causes one of sequence ciruits 28EQ to
acquire different internal sequence states. The state of
sequence circuits 2SEQ, in conjunction with periodic
pulses from clock circuit 47CLK and the D-C inputs pro-
vided by decoder 1310D and other sources within signal
processor 200, controls OCG circuit 420CG in generat.
ing signals via order cable 4209 which control the
logical operations of signal processor 200 during the one
or more machine cycles required to execute the machine
instruction. Immediately prior to completing the execu-
tion of a particular machine instruction, and as a part
of the execution of that machine instruction, the next
instruction word of the appropriate program sequence
is read from Signal Processor Call Store System 172 by
signal processor 200 thereby insuring the continuity of
programmed operations by signal processor 200.

Control area of signal processor 200

The control area of signal processor 200 comprises
that portion of signal processor 200 which is directly re-
sponsive to information received from Central Control
System 101 and Signal Processor Call Store System 172
to determine the type of actions required of signal proces-
sor 200 and to generate the appropriate sequential gating
signals for carrying out that operation.

ORDER COMBINING GATE CIRCUIT 420CG

The most critical circuit in the control area of signal
processor 200 is order combining gate circuit (OCG cir-
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cuit 420CG. OCG circuit 420CG assembles informa-
tion provided by D-C signals from a plurality of sources
within signal processor 200, logically combines this in-
formation and, in accordance with the combined informa-
tion, transmits control signals which initiate specific gat-
ing actions within the various areas of signal processor
200. In FIGS. 3 through 51 of the drawing, which rep-
resent a typical signal processor 200 in simplified sche-
matic form, the majority fo input information to OCG
circuit 420CG is transmitted from the various areas
within signal processor 200 via order combining gate
cable (OCG cable) 4600. All output signals from OCG
circuit 420CG are transmitted to the various areas of
signal processor 200 via order cable 4209, except for
those signals controlling the various sequence circuits
25EQ which are transmitted via sequence control
cable 4201,

The details of OCG circuit 420CG are omitted from
the drawing since the mass of this detail would merely
tend to obscure the inventive concepts of this system. How-
ever, a series of Boolean equations and expressions are
presented later herein which define the system conditions
in terms of input signals to OCG circuit 420CG under
which the respective conductors of order cable 4209 and
sequence control cable 4201 will be energized by OCG
circuit 420CG. These Boolean equations and expressions
fully define the logical circuitry incorporated in OCG
circuit 420CG appears on FIGS. 42 through 47.
circuit 420CG appears on FIGS. 42 thruogh 47.

OCG circuit 420CG receives various input signals
from a plurality of sources including:

(1) Timing signals from microsecond clock 47CLK wvia
cables 4708 and 4709;

(2) Signals defining a particular machine instruction to
be executed by signal processor 200 from instruction
decoder 131D via cable 1311 and OCG cable 4600;

(3) Signals defining various optional actions to be per-
formed during the execution of a particular machine
instruction from option decoder 130D via cable 1312
and OCG cable 4600;

(4) Signals identifying a particular operation of signal
processor 200 as commanded by Central Control Sys-
tem 101 from central control request detection decoder
10CCD via cable 1004 and OCG cable 4600;

(5) Sequence state signals directly from the various se-
quencers 42NQS, 43IS, 44NCS, 44RCS and 45CCRS
which define the present sequence state of each of the
above sequencers;

(6) Signals from various sections of the maintenance
area of signal processor 200 which relate to main-
tenance operations, bus gating control, error detection,
mode of operation and other pertinent maintenance
informaiton via OCG cable 4600; and

(7) Signals from various sections of the data processing
area of signal processor 200 which relate to data proc-
essing results and which provide a basis for certain
operational decisions performed by OCG circuit
420CG.

MICROSECOND CLOCK 47CLK

Signal processor 200 is a synchronous system in that
the functions within signal processor 200 are under the
control of a multiphase microsecond clock 47CLK which
provides timing signals as a basis for all sequential logical
functions within signal processor 200. The timing sig-
nals, which are derived from microsecond clock 47CLK,
are combined by OCG circuit 420CG with D-C signals
from a number of other sources within signal processor
200 and serve as a time basis for the generation of gating
control signals by OCG circuit 420CG.

The microsecond clock 47CLK is illustrated in simpli-
fied block diagram form in FIG. 47. It comprises a count-
er circuit 4701 driven by a 2-megacycle square wave 2MC
reccived via timing bus 4750 from the active central
control in Central Control System 101. The 2-megacycle
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square wave 2MC generated in the active central control
is transmitted to both the active and the standby signal
processors of a signal processor community. The two
megacycle square wave 2MC is accompanied by a phas-
ing signal TSYNC which effects time synchronization
between the clock circuit of the active central control
and the clock circuits CLK in both signal processors of
a signal processor community. The synchronizing signal
TSYNC is received from the active central control at 5.5
microsecond intervals and is- used to simultaneously
RESET counter circuit 4701 and the counter circuit in
the other signal processor. Synchronizing signal TSYNC
is derived in the active central control from the signal
which RESETS the counter circuit in the active central
control which functionally corresponds to counter circuit
4701 in signal processor 200.

The clock pulses derived from the states of counter
circuit 4701 are formed in two groups by two pulse gen-
erators 4702 and 4703. One pulse group is derived from

counter circuit 4701 by pulse generator 4702 and is desig- !

nated as the T pulse group. The other pulse group is
derived from the states. of counter circuit 4701 by pulse
generator 4702 and is designated as the C pulse group.
The primary difference between these pulse groups, C
and T, is that the formation of pulses in the T pulse group
can be stopped without affecting the formation of pulses
in the C pulse group. This stop is effected by a signal
from start-stop control 48SS on conductor 48SPS. A
signal on conductor 48SPS controls pulse generator 4703
so as to inhibit the formation of the T pulse group with-
out affecting the C pulse group generated by pulse gen-
erator 4702. When the formation of the T pulse group
is so inhibited, signal processor 200 is considered to be
in a “stopped” condition. This stop is effected without
interfering with the operation of counter circuit 4701.
Any interference with the operation of counter 4701
will affect both the T and C pulse groups.

A check circuit, designateéd clock error detector 4704,
is provided to insure that clock circuit 47CLK is operat-
ing correctly and that the active central control and sig-
nal processor 200 are properly synchronized. Three
checks are provided:

(1) Conductor 4711 is checked by error detector 4704
to insure that the 2-megacycle square wave pulse train
2MC is present in signal processor 200;

(2) The outputs of the C and T pulse group generators
4702 and 4703 are checked via conductors 4712 and
4713 for permarnently high or low output conditions
(missing pulses);

(3) And counter circuit 4701 is checked via conductor
4714 to insure that counter circuit 4701 is cycling at a
180-kilocycle frequency.

These three checks are monitored by Central Control

System 101 via Master Scanner System 144; the output of ;

detector 4704 being transmitted via cable 4710 and diag-
nostic cable 6901 to Master Scanner System 144. In ad-
dition, upon the failure of any of these checks, error de-
tector 4704 will place a signal on conductor 47EC. This
signal is fed via conductor 47EC to start-stop control
48SS and interrupt control 49IC and causes signal pro-
cessor 200 to be stopped and an interrupt signal to be
transmitted to Central Control System 101. These actions
will be described later herein,

The basic machine cycle of signal processor 200, which
is 5.5 microseconds im this one illustrative embodiment,
is divided into twenty-two one-quarter microsecond time
intervals designated 0T1 through 21T0. For convenience
both in the following description and on the drawing;
pericds of time are designated bTe and bCe where b
is the number assigned to the instant at which the period
of time begins, and e is the number assigned the instant
at which the period of time is ended. For example, the
expression 8T10 defines a clock pulse of the T pulse
group which starts at the beginning of the eighth one-
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quarter microsecond time interval of a machine cycle
and ends at the beginning of the tenth one-quarter micro-
second ‘time interval of a machine cycle. Similarly, the
statement 8C10 defines a clock pulse of the C pulse group
which starts at the beginning of the eighth one-quarter
microsecond fime interval of a machine cycle and ends
at the beginning of the tenth one-quarter microsecond
time interval of a machine cycle. The various clock pulses
of the T and C pulse -groups provided by microsecond
clock 47CLK are indicated in FIG. 52 of the drawing.
CENTRAL CONTROL REQUEST DETECTION
DECODER 10CCD

Decoder 10CCD receives input information from cen-
tral control communications address register 9CCAR,
address parity generator 11APG (incorporated in the
block labeled 11PG on FIG. 2 of the drawing) and
flip-flop group 34SC1. This information is examined by
decoder 10CCD, and signals are placed on appropriate
conductors of its output cable 1004. The conductors com-
prising cable 1004 are connected via OCG cable 4600
to- OCG circuit 420CG. The output signals of decoder
10CCD provide information to OCG circuit 420CG re-
lating to commands received from Central Control System
101 and registered in register 9CCAR, as later described
herein with reference to the communications area of
signal processor 200. Included in the information pro-
vided to OCG circuit 420CG by the decoder 106CCD
are the following indications:

(1) The validity of the address and mode of operation
indicated by the content of register 9CCAR;

(2) The type of operation required of signal processor
200 by the central control call store command registered
in register 9CCAR;

(3) The particular data processing register in signal proc-
essor 200 to be utilized in executing the command
registered in register 9CCAR;

(4) Whether or not any cooperative action is required
with Signal Processor Call Store System 172;

(5) Whether or not the command is directed to the signal
processor community in which decoder 16CCD is in-
cluded; and

(6) Whether a response is to be transmiited from both
signal processors of that community or only from the
particular signal processor which includes decoder
10CCD.

The aforenoted Doblmaier et al. patent application de-
scribed, under the heading entitled Call Store Memory
Orders, the composition of central control call store com-
mands and their encoding to define particular call stores
within Central Control Call'Store System 103, Since Signal
Processor System 171 is addressed by Central Control
Systems 101 via the same bus system, namely, Central
Control Call Store Address Bus System 6401, the same
encoding techniques are employed in central control call
store commands directed to signal processors, such as 200,
in Signal Processor System 171. As noted later herein,
the code bits K5-KO of each central control call store
command are registered in bit positions A17-A12, respec-
tively, of register 9CCAR of signal processor 200 and in
the corresponding bit positions of CCAR registers in all
other signal processors of Signal Processor System 171.
These bits of a central contro] call store command are en-
coded to define:

(1) A particular signal processor community to which a
command is directed requiring the cooperative action of
Signal Processor Call Store System 172 associated
therewith; ‘

(2) A particular signal processor community to which a
command is directed requiring that action be taken only
within the signal processors of the defined signal proc-
essor community; and

(3) A particular signal processor within a particular signal
processor community to which a command is directed
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requiring that a response be transmitted only by the
defined signal processor of the defined community.

Accordingly, the code bits A17—-A12 of the information
stored in register 9CCAR are examined by a decoder CCD
of each signal processor within Signal Processor System
171. The following table indicates, in terms of FIGS. 62
and 63 of the drawing, the encoding of the code bits A17—
A12 to define the aforementioned information. The mne-
monic designations assigned the decoder output leads listed
in the table below have the following functional meanings:

CSRQ==a command from Central Control System 101 re-
quiring the specified signal processor community to
operate with its associated Signal Processor Call Store
System 172 in responding to the command;

SPRQ==a command defining a particular signal processor
community and requiring activity only within the signal
processors of that community in responding to the com-
mand; and

SP6=a command requiring a response from only a par-
ticular signal processor within a signal processor com-
munity. s

TABLE
8P Com- 8p Decoder Decoder mput
munity Output
A 1Aor2A CSRQ (9CCA17} (9CCATE) (3CCALS)
B 1Bor2B ~ CSRQ (9CCA17) (9CCA16) (9CCALR)
A IAor2A SPRQ (9CCA1T) (BOCAI1B) (BCCA15)
(WCCAI14) (9CCATR)
B 1B or 2B SPRQ (3CCA1T) (9CCAlLS) (9CCAL5)
(®@CCA14) (9CCALY)
A 1A SP6 (9CCA17) (9CCA16) (3CCA15)
(9CCA1) (9CTA1I) (BCCA12)
B 1B 8P8 (8CCA17) (9CCA16) (9CCA1L5)
(8CCA14) (YCCA13) (§CCAL2)
A 2A 3] (9CCA17) (9CCAIL6) (9CCALS)
(9CCAL4) (9CCA13) (9CCA1)
B 2B 8pPs (9CCAIT) (9CCA18) (SCCALS)

(SCCATL) (9CCA13) (9CCAILD)

For purposes. of this description it is assumed that sig-
nal processor 200, represented by FIGS. 2-51 of the draw-
ing, is signal processor 1A of signal processor community
A shown in FIG. 62 of the drawing. Accordingly, the
decoder output conductors CSRQ, SPRQ and SP6 will be
energized by the decoder 10CCD of signal processor 200
only under the conditions specified for signal processor
1A in the above table. The following is a list of Boolean
equations which define the output conductors of decoder
10CCD in terms of the input signals required for ener-
gizing the respective output conductors.

NM=(00H ) (OGH) (5HN)

VM=(3TN) (9GH ) (SHH)--(9CM) (9GM) (FHH)
+(9CM) (O9GH ) (9HM )H-(9TH) (9GM)
(9HM)

CSRQ=(9CCA17)(BCCAT6) (3CCA1S)

SPRO=(9CCA17)(9CCA16)(9CCA15) (BCTATI)

(30TATI) (34D1V) + (SP6) (34DIV)

CCRQ=(CSRQ)-(SPRQ)

SP6=(9CCA17)(9CCA16)(9CCA15) (STTATL)
(STTAII) (9CCA12)

RNW=(9R)(OW)

WNR=(DE) (W)

NWNR=(9R)4-(BW)

APOK=(9A4P)(11SPAP) 4+ (34P) (TISPAP)

ORRQ=[(9CCA3)(30CA%) 4+ (B0TAT) (5OTAT)

(9CCA2)1((9CTAT1) (DCTAI0) (SCTA9)
(0CTAB) (OCTAT) (9TTAB) (9CCAS5)]
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COAR=(30TA%)(9TCA3) (BCTAZ) (BCTAT) (DCTAD)
COBR=(9CCA4) (SCTAB) (9CCA2) (BTTAT) (9CCA0)
COFR=(9CCA4)(STTAS) (9CCA2) (9CC A1) (9CTAD)
COJR=(500A4) (SCTA3) (9CCA2)(9CCA1)(9CCAD)
COKR=(0UTA4) (9CCA3) (BCTAR) (SCTAT) (FOTAD)
COLR=(9CTA1)(9CCA3)(BTTAZ) (STTAT) (9CCA0)
COPR=(5TTA4)(9CCA3)(5TTAZ) (9CC A1) (FTUTAD)
COQR=(§?E’ZZ)(9CCA3)(M)(9CCA1)(9CCA0)
COXR=(9CTAT)(9CCA3)(9CCA2) (SOTAT) (9TT40)
COYR=(9CCA4) (9CCA3)(9CCA2) (DCTAT) (9CCAD)
COMIR=(DCUA3) (9CCA3)(9CCA2)(ICCAL)

(9CT40)
COMER=(90UTA44)(9CCA3)(9CCA2)(9CCA1)
(9CCA40)
COIR=(9CCA4) (9CCA3) (9CTA2)(5CTAT) (9CUA0)
COASR=(9CCA4)(8CTA3) (9CTA2) (50TAT)

(9CCA0)

COCG1=(9CCA4) (9CTA3)(OCTAZ) (9CCA1)
(9CTAD)

COCG2=(9CCA4) (STTAS) (90TAZ) (9CCA1)
(9CCAD)

COCSE=(9CCA4) (9CTAB) (9CCA2) (CTAT)
(9CTA0)

COMCE=(9CCA4) (3CCA3) (9CCA2) (STTAT)
(9CCA0)

COMAT=(9CCA4)(9CTA3) (9CCA2) (9CCAL)
(90TA0)

COCSB=(9CCA4) (90TAB) (9CCA2) (BCTAT)
(9CCA0)

CONCB=(9CCA4)(9CCA3)(OCTAZ) (SCTAT)
(9CTA0)

COESG=(9CCA4)(9CCA3) (9TTA2) (9TTAI)
(9CCA0)

COCAR=(9CCA4)(9CCA3)(STTAZ)(9CCA1)
(5CT40)

VAAD=[(ORRQ)+(9CCA4) (9TTA3Z) +(COCAR)
+(COESG)+(CONCB) 1[ (5CCATT)
(9CTAT0) (9CCA9) (5CCAR) (FCTAT)
(9CT46) (3CTA5) )

The mnemonic designations listed above for the output
conductors of decoder 10CCD have the following func-
tional meanings:

NM=normal mode;

VM=valid mode;

CCRQ=some action required in response to a command
from Central Control System 101;

RNW=read operation required but no write operation
required;

WNR=write operation required but no read operation
required;

NWNR=-either a read operation is required or a write
operation is not required;

APOK=address parity check successful;

ORRQ=requested operation requires use of register with-
in signal processor 200;

COAR-COCAR=defines the particular register within
signal processor 200 whose use is required in executing
the command from Central Control System 101; and

VAAD=the content of register 9CCAR includes a valid
address.

The aforenoted functional mnemonic designations will
be more clearly understood from the description given
later herein of the actual execution of central control call
store commands from Central Control System 101 by
signal processor 200.

INSTRUCTION DECODER 131D

Instruction decoder 13ID examines the content ot
instruction register 13IR and determines therefrom the
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particular machine instruction to be executed by signal
processor 200. Each conductor of the ontput cable 1311
from decoder -13ID defines a particular machine instruc-
tion, the execution of which will be described in detait
later herein.

As noted later herein, information defining a machme
instruction can be placed into register 13IR either from
Signal Processor Call Store System 172 or from Central
Contro]l System 101. A varying number of the most sig-
nificant -bit positions IR22-IR15 of register 13IR define
the machine instruction to bé executed by signal processor
200. This information is examined by decoder 13ID via
cable 1305. Decoder 13ID then plaoes a signal on its
appropriate output conductor which is connected through
cable 1311 and OCG cable 4600 to OCG circuit 420CG.
This signal is then combined with clock pulse signals
from microsecond clock 47CLK and other D-C signals
by OCG circuit 420CG and results in the generation of
sequential gating and control signals to the various areas
of signal processor 200 via order cable 4209,

The following Boolean equations define the respective
output conductors of decoder 13ID in terms of the en-
coding of the information present in bit positions IR22—
IR15 of register 13IR:

ETF=(IR22)(TR21) (TR20) (TR19)
ETSF=(TR22)(TR21) (TR20)(IR19) (IR18)
ETT=(TR22)(TR21) (IR20) (IR19) (TR18) (IR17)
(IR16)
ETCT=(TR22)(ITR21) (IR20) (TRI9)
EST=(TR22)(TR21) (TR20) (IR19) (TR18) (IR17)
(IR16) (IR15)
ERM=(IR22)(IR21) (IR20) (IR19)
ERLM=(TR22) (IR21) (TR20)
EMR=(IR22)(IR21) (TR20) (IR19)
ELMR=(TRZ2) (IR21) (IR20)
ERAR=(TR22)(TR21) (IR20)(IR19)(TR18) (TR17)

(TE16)
ERAW=(TR22)(TR21)(TR20) (IR19) (TR18) (TR17)
(IR16)
ERAP=(TRE2) (TR21) (TE20) (IR19) (TE18) (IR17)
(IR16)
EDS=(IR22)(IR21) (IR20) (TR19) (TR18) (IR1T)
(TR16) (TR15)

ECO=(IR22)(1R21) (TR20) (TR19)
EL=(TE22)(TE21)(TR20) (TR19) (TR18) (IR17)

(IR16) (TR1B)
EINC=(IR22)(IR21) (IR20) (TR19) (TR18) (TRIT)
(IR16) (TR15)
EQ=(IR22)(IR21) (IR20)(TR19) (TE1S) (IR17)
(IR16)(TR15)
ENOP= (TR22) (TR21) (TR20) (TE19) (IR18) (TR17)
(TR16) (TR15)
EBTC=(TE32) (TR21) (TR20) (TR19) (TR18) (TR17)
(IR16)(IR15)
EBTS=(TE22)(TR21) (TR20) (TR19) (TR18) (TR17)
(IR16)(TR15)
ECA=(TR23) (TH21)(TR20) (TR19) (TR18) (TRIT)
(TR16) (IR15)
EINT=(TR22) (TR21) (TE20) (IR19) (IR18) (IR17)
(IR16)(IR15)

EADG=(IR22)(TR21)(IR20) (IR19) (IR18)

EPT=(IR22) (TR21) (TR20) (IR19) (IR18) (IR17)
, (IR16)(IR15)

EMM=(IR22)(TR21) (TR20)(1R19) (IR18)

EISD=(IR22)(TR21) (TR20) (JR19) (TE18) (IR17)

(TR16) (IR15)

EIS1 = (TRE) (TR21) (TR2Z0)Y (TRTO)(TRIRYIRILT)

© (TRTG)(IR15)
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EIS2= (TR3Z) (TR21) (TRZ0) (m”’) (TR18) (IR17. )
(TR16) TRT5)
EHP_(mzz)(m‘)(m"')(mm(m’*)(m’“’)
o (TRIBYUR1SY
ELLR=(IR22)(TR21) (TR20) (IR19) (TR1%) (IR "
(IR16)(TRT5). . .
ELLS_(IRQZ)(7‘&")(7“)(1}219)(7}5‘3)(1}117}
. (R16)(TR15) ..
ENTK = (IR22)(TR21 ) (TR20 )(IRI9)(TR18)(TR'_ )
. (TR16)}(TR15) - -
ELMH=(IR22) (TR21)(TR20) (IR19) (TRIS) (IR")
(IR16)(IR15).
EINR=(IR22)(IR21) (IR20) (TR19 )(IR18)(1R17)
(TR16) (IR15)

EXWR= (IR22)(TR§')(IR20)(1R19) TR
ECR=(TRZ2)(IRZ1) IR20) (IR19)

OPTION DECODER 130D

Option decoder 130D ‘examines various combma,tnons
of the Ises significant bit positions TR18-IR0 of register
13IR in combination with the output of decoder 131D
and the condition of certain indicator flip-flops of flip-flop
group 32SC2 to determine optional actions to ‘be taken
by signal processor 200 in executing the machine instruc-
tion defined by the output of decoder 13ID. The content
of bit positions IR18-IR0 of register 13IR is fed to
decoder 130D via cable 1305. The output of instruction
decoder 131D is fed to option decoder 130D wvia cable
1311. The respective states of indicator flip-flops FF1,
FF2, FF3, FF4 and FFA of ﬂlp-ﬂop group 32SC2 are
fed to option decoder 130D via cable 3216,

Each of the output conductors of option decoder 130D,
which is incorporated in cable 1312, is connected via
OCG cable 4600 to the OCG circuit 420CG. Signals
on these conductors are combined with clock pulse sig-
nals from clock circuit 47CLK and other D-C inputs to
provide a basis for the generating of gating and control
signals by OCG circuit 420CG. Each of the conductors
of cable 1312 is assigned a functional mnemonic de-
signation, the significane of which will be explained later
herein during the detailed description of each machine
instruction. The following Boolean equations define each
respective output conductor of decoder 130D in terms-of
the aforenoted inputs thereto.

[(TE18) (TR17)(IR16)(32FF3)
+(TEIR) (TR17) (IR16) (32FF1)
+(TR18) (IR17) (TR16)(32FF2)
+-(TR18) (IR17) (I1R16) (32FF3)
A (IR18)(TRT7) (TR18) (32FF4)
+(IR18) (TRI7T) (IR16) (32FF5) -
-+ (1R18) (IR17) (TR16) (32FF1)
+(IR18)(IR17)(IR16) (32FF2)]
+[(ETCT)(32FFAY(TR18)]
+[(ETT)(32FFA)]
-+ L(EPT)(32FF4)]
+ [(EADG)Y(IR15)]
NT= [(EADG)(HE_)]+[(EPT)(32FFA)]
+[(ETT)(32FF4)]
+(ETF)(T)1+[(ETCT){(32FFA) (m—)]

5 EI=[(ETCT)--(ETT)+(ETF)+(ETSF)-+(EMM)]

[{IR15)]

NJ= [(ETCT)-|-(ETT)—|—(ETF)+(ETSF)—]—(EMM)]
((TRT5)]

OFF1=[(ETSF)(TR17) (IR16)1+ [(EBTS) (TED)

(TR6)(IR5)]
OFF2=[(ETSF)(IR17)(TRT6)1+ L(EBTS)(IR7)
(IR6)(TR5)]

OFF3=[(ETSF)(TR1T}(TR16) 1+ [ (EBTS)(TE7)
(IR6)(IR5)]
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CPD=(ETCT)(IR18)

TCPD=(ETCT)(32FF3) (IR18)

TU= (ETSF)(IRI?)(IRIG)

CRM= [(ERM)+(ERLM)+(EMR)+(ELMR)
+(ERAR)+(ERAW)1L(IR15}]

OF‘RI:[(TRﬁ)(TRF))(IR”][(ERAR)+(ERAW)
~+(EL)+(EBTS)-+-(EINR) + (EHP)
+(ERAP)+(ELMH)}-+[(TR18) (TRT?)
- (TR16) 1{(ERLM ) (ELMR)--(ERM)
+(ECR)+(EXWR)+(EMR)]

OJR1=[(IR11)(IRIO)(IR9)][(ERAR)+(ERAW)
+(EL)+(EBTS)+(EINR)4-(EHP)
+(ERAP)+(ELMH) 14 [(TR18) (TRTT)
(IR16)1{(ERLM)+-(ELMR)+(EMR)
+(ECR)+(EXWR)1 -

OKR1=[(TR11)(IR10)(TR9) 1{(ERAR)-(ERAW) '

+(EL)-+(EBTS)+(EINR)+ (EHP)
+(ERAP)+(ELMH)1+ [(TRI8)(IR17)
(TR16) 1 [(ERLM) - (ELMR)+(EMR)
+(ERM) - (ERC)4-(EXWR)]
OLR1=[(TEI1) (IR10)(IR9)1[(ERAR) -} (ERAW)
+(EBTS)+(EINR)-+ (ERAP)+(EHP)
+(ELMH)14-[(TRI8) (IR17) (IR16)]
[(ERLM)+(ELMR)+(EMR)+ (ERM)
+(ECR)4-(EXWR)]
OPR1=[(IR11)(TR10) (TR9) 1 [(ERAR)-}(ERAW)
4 (EL)4-(EBTS)+(EINR)+(EHP)
+(ERAP)+(ELMH)1--[(IR18) (TET?)
(TIR16)1[(ERLM)+(ELMR)-+(EMR)
+(ERM)+(ECR)+4(EXWR})]

OQRI1=[({R11)(TR10) (IR9) 1 (ERAR) +(ERAW) - ‘

+(EL)+(EBTS)+(EINR)-+(EHP)
(ERAP)+(ELMH)1-+-[(IR18)(TR17)
(IR16)1[(ERLM)+ (ELMR) 4+ (EMR)
+(ERM)+-(ECR)+4-(EXWR)]
+(ERAP)+(ELMH)1+[(IR18)(ER17)
OXR1=[(IR11)(JR10)(TES)1[(ERAR)+(ERAW)
+(EL)+-(EBTS)+(EINR) + (EHP)

_ +(ERAP)+(ELMH)1+[(IR18)(IR17)
(TR16)1[(ERLM)-+(ELMR)--(EMR)
+(ERM)+ (ECR)+(EXWR)]

OYR1=[(IR11)(IR10)(IR9)1[(ERAR) +(ERAW)
+(EL)+(EBTS)+(EINR)+(EHP)
+(ERAP)+(ELMH)1-+[(IR18) (ER17)
(IR16)1[(ERLM)-4-(ELMR) +(EMR)
+(ERM)+(ECR)+(EXWR)]

CP=[(ERAP)+(EINR)+(EINC)+(ERAW)

~+(ERAR)]1[(TR0)]+ [(ERLM) +(ELMR)]

[(TR1D)]

CM=[(ERAP)+(EINR)+{(EINC) +(ERAW)

+(ERAR)1I(IR0) 14 [(ERLM)-(ELMR)1
" [(IR19)1

INS=(ERAR)(IR14)

DATA=(ERAR)(IR11)

0FR2~[(T‘)(7R’)(TE‘)][(ERAR)+(ERAW)
+(EL)+{EHP)]

OJR2=[(TR8) (TR7) (IR6)1[(ERAR) 4 (ERAW)
+(EL)+(EHP)]

OKR2=[(TR8)(IR7)(IR6)1[(ERAR)-+(ERAW)

" -+(EL)+4-(EHP)}

0LR2=[(TR’Q)(IR7)(IR6)][(ERAR)—HERAW)
+(EL)+(EHP)]

OPR2={[(IR8)(TR7)(TR6) |[ (ERAR)+}-(ERAW)
+(EL)+(EHP)]

OQR2=[{IR8)(TR7) (IR6)1[(ERAR) - (ERAW)
+(EL)+(EHP)]
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OXR2=[(IR8) (IR7)(TR6)1[(ERAR)+(ERAWY)

+(EL)+(EHP)]

OYR2=[(IR8)(IR7)(IR6)I[(ERAR)+(ERAW)

~-(EL)+(EHP)]

I0=[(TR3)(TR2)(TR1)1[(ERAR)+(ERAW)
+(ERAP)+(EHP) 1+ (TR2)(TRI) ][ (EINR)]
+[(TR4) (IR3)Y (TRZ)(TR1) 1[(EINC) 1

IN=[(TR3)(TR2)(IR1)1{(ERAR)+ (ERAW)
+(ERAP)1+[URV)]I(EINR) 1+ [(TR%) (TR3)

_ (IR2)URD)I[EINC)]

I2=[(ITR3) (IR2) (TRT)1[(ERAR)+(ERAW)
+(ERAP)1+[(IR2)][(EINR) 1+ [(TR3)(TE3)
(IR2)(TRI)1[(EINC)]

I3=[(TR3)(IR2) (IR1)1[(ERAR)+(ERAW)
+(ERAP)1+[(TR4)(TR3) (IR2)(IR1)]
[(EINC)]

14=[(IR3)(TR2) (TR1) 1 [(ERAR)-(ERAW)
+(ERAP)14-[(TR%) (IR3) (IR2) (TR1)]
[(EINC)]

15=[(IR3)(TE2)(IR1)1[(ERAR) +(ERAW)
+(ERAP)]1+I[(TR4)(IR3) TE2) (IR1)1]
[(EINC)]

16=(TR3)(IR3) (IR2) (TRT) (EINC)

17=(TR%) (IR3)(IR2) (IR1) (EINC)

18=(IR4) (TR3) (TR2) (TR1)(EINC)

19=(IR4) (IR3) (TRZ) (IR1)(EINC)

110=(IR4) (TR3) (IR2) (IR1) (EINC)

I11=(IR4)(TR3) (IR2) (IR1) (EINC)

112=(IR4)(IR3)(TR2) (TFI) (EINC)

I13=(IR4)(IR3)(TR2) (IR1) (EINC)

114=(IR4) (IR3) (IR2) (TF1) (EINC)

115=(IR4) (IR3) (IR2)(IR1) (EINC)

OIP=(ERAW)(IR14)

UIM=(EL)(IR12)

[(L1)1=(EL)(IE3)(TR2)(TR1)(TR0D)

[(R)+(IL)1=(EL)(TR3)(IR2)(ITR1)(IR0)

L{R)+(L)Y]1=(EL)(TR3)(IRZ)(IR1) (TRD)
[(R)1=(EL)(IR3) (IRZ) (IR1) (IR0)

[(R)+(T)1=(EL)(TR3) (IR2)(ITRI) (TRD)
[(I)1=(EL)(TR3)(IR2)(TR1) (IR0)

H(R)YT)+(R)(L)1=(EL)(TE3) (IR2) (IR1) (TRD)
[(R)(L)1=(EL){IE3)(IR2) (IR1) (IR0)
[(R)4-(L)1=(EL)(IR3)(TR2)(IR1)(TRO)

[(R)Y(T)+(R)(L)1=(EL)(IR3)(TRZ)(TR1) (IR0)
[(L)1=(EL)(IR3)(TR2) (IR1)(TR0)
[(R)(L)1=(EL)(IR3)(TR2)(IR1)(IR0)
[(R)]1=(EL)(IR3)(IR2)(TRI)(ITR0)
[(R)(T)1=(EL)(IR3)({R2)(TEI)(IRO)
[(R)(L)I=(EL)(IR3)(IR2)(IR1) (TR0)

[(LZ)1=(EL)(IR3)(IR2) (IR1) (IR0)

CL5=(EINC)(TE10)

CL16=(EINC)(IR10)+EQ) (IR9)

CL23=(EQ)(IR9)

RO=(EQ)(TE3) (TR2) (TR1)(TR0) +(EADG) (IR17)
(TRT6)

R1=(EQ)(IR3)(TR2)(TR1) (TR0) 4+ (EADG) (IR17)
(TR18)

? R2=(EQ) (IR3) (IR2)(TE1) (I1R0)+(EADG)(IR17)

(IR16)
R3=(EQ)(TR3)(TR2) (IR1) (TRD) +(EADG) (TRT7)
(IR16)

R4=(EQ) (IR3)(TR3)(IR1) (TET)
R5=(EQ)(IR3)(IR2)(IR1) (TRD)
R6=(EQ)(TR3)(IRZ)(IR1) (1R0)
R7=(EQ)(IR3) (TR2) (IR1) (IR0)

5 R8=(EQ)(IR3)(IR2)(IR1)(IR0)
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OUP=(ECO)(IR18)
SAE=(ECO)(IR17)
OLP=(ECQ)(IR16)
OLF=(ECO)(IR15) .
OPR30=(EBTS) (IR4) (TE3)(IR2) (IR1)(IR0)
0AZ16=(EBTS)(IR4)(IR3) (ITR2) (TR1) (TR0D)
OAZ23=(EBTS)(IR4)(IR3)(TR2) (TR1)(IR0)
OSET=[(EBTC)1[(IR7)(TR8) (IR5) + (TR7)(TK6)

(IR5) (32FF1)+(TR7) (IR6) (TR5) (32FF2)

+(TE7) (IR6) (IR5) (32FF3)] .
ORESET=[(EBTC)1(TR7)(IR6) (TR5) +(TR7)

(TRS) (IRS5) (32FF1) 4 (TR7) (IR6) (TR5)
(33FF2) + (TR7) (FR6) (IR5) (32FF3)1
PGN1=[(EIS1)+(EI$2)1[(TR14) (TR13)]
PGN2=[(EIS1)+(EIS2)1[(TR14) (IR13}]
PGN3=[(EIS1)+(EIS2)1{(IR14)(TR13)]
PGNA4=[(EIS1)+(EIS2) [ (IR14) (IR13)]
PM=[(EIS1)+4+(ELMH)1L(IR12}]
M= (EIS1)(TR1)(TR0)
ML= (EIS1)(TR1)(IR0) 4 (ELMH) (TR7)+-(EIS2)
(IR0)

LA=(EIS1)(IR1) (TR®)+(EIS2) (TR0)
SNCCK=(ECA) (TR11) (TR10)(TE9)
SHLFF—=(ECA)(TR11) (TR10) (IR9)
RECTR=(ECA)(TR11) (IR10)(TES)
SFCGP—=(ECA)(TR11)(IR10)(IR9)
SBFF—(ECA)(IR11)(TR10) (TE9)
RBFF=(ECA)(IR11)(TR10) (IR9)
IM=(EMM) (TE17) (IR16)
MO=(EMM)(IRI17)(IR16)
MZ=(EMM)(IR17) (IR16)
MSM=—=(EMM)(IR17) (IR16)
CO=(ELMH)(IR7)
WZM=(ELMH)(IR6)
HE1=(EHP)(IR14) (TR13)
HE2=(EHP)(TR14)(TR13)
HE3=(EHP)(IR13) (IR13)
EXJ]=(EHP)(IR4)(IR3)
EXJ-1=(EHP)(IR4) (IR3)
EXA=(EHP)(TR4)

SEQUENCE CIRCUITS 28EQ

Sequence circuits 2SEQ comprise a plurality of se-
quencers 42NQS, 43IS, 44NCS, 44RCS and 45CRS. Each
of the aforenoted sequencers is a multistate counting cir-
cuit whose sequential counting operations are controlled
by signals generated in OCG circuit 420CG and trans-
mitted via conductors of sequence control cable 4201.

Each of the aforenoted sequencers provides direct-current |

output signals to OCG circuit 420CG indicating the
present sequence state thereof at any given time. These
sequence state indications are combined with clock pulses
from microsecond clock 47CLK and other direct-current
signals from within signal processor 200 by OCG circuit
420CG and provide a further basis for the generation of
gating control signals to the various areas of signal proc-
essor 200.
Instruction sequencer 43IS

Instruction sequencer 43IS is the sequencer most usually
employed to control signal processor 200 when it is re-
sponding to the instruction words registered in instruction
register 13IR. As noted previously, the most usual source
of such instruction words is Signal Processor Call Store
System 172; however, information also can be placed into
register 13IR by Central Control System 101. Sequencer
431S provides a basic portion of the information upon
which OCG circuit 420CG operates in generating gating
control signals during the execution of machine jnstruc-
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tions, with the exception of the network machine instruc-
tion NTK, as described later herein

Sequencer 4318 is a Gray code counting circuit. Accord-
ingly, all state transitions involve a change in the state of
only one of the four memory elements IFF1, IFF2, IFF3
and IFF4, except at the conclusion of the execution of a
machine instruction when all of the flip-flops IFF1, IFF2,
IFF3 and IFF4 are RESET. In order that one sequence fit
the pattern for all machine instructions, a supplementary
flip-flop FFA in flip-flop group 328C2 is sometimes used.
Its use is individual to each machine instruction where it
provides memory for sequence conditions. The control of
flipflop FFA in flip-flop group 32SC2 is described later
herein during the description of each of the machine in-
structions.

OCG circuit 420CG includes a checking circuit which
assures that state changes of instruction sequencer 431IS
and network queue sequencer 42NQS involve the change
of only one variable. When the parity of any state is com-
pared with the parity of any other adjacent state, they
should differ. Parity is checked so that any accidental
simultaneous operation of both sequence circuits 43IS and
42NQS will be detected. If such a sequence error is
detected, OCG circuit 420CG generates a signal on con-
ductor SSQE of order cable 4209 which causes flip-flop
SQE in flip-flop group 37SPE to be SET. The significance
of this operation is further described during the descrip-
tion of the maintenance area of signal processor 200 given
later herein.

Sequencer 43IS indexes twice in every 5.5 microsecond
machine cycle during the time intervals 2T4 and 12T14.
The resulting sequence states are numbered starting from
zero and continuing through the number of sequence
states required for the executive of each particular ma-
chine instruction.

In general, the presence of a signal on any one of the
output conductors from sequencer 431IS indicates that se-
quencer 4318 is presently in one of two or more sequence
states, For example, output conductor 1S01 is energized
while instruction sequencer 43IS is either in sequence
state 0 or in sequence state 1. Similarly, output conductor
IS12 is energized when sequencer 4318 is either in sequence
state 1 or in sequence state 2. Accordingly, both of the
output conductors 1801 and IS12 will be energized while
sequencer 4318 is in sequence state 1. Thus, if a particular
gating action occurs entirely during sequence state 1 of
sequencer 43IS, the presence of a signal on either of the
two output conductors IS01 or IS12 may serve as a basis
for the generation of the appropriate gating control signal
by OCG circuit 420CG. Accordingly, any gating action
which occurs entirely during one sequence state may be
based upon an output signal representing either of two
pairs of adjacent sequence states, for example sequence
states 0 and 1 and sequence states 1 and 2. However, when
gating actions begin, end or continue during a time interval
when the sequence state is changing, namely, time inter-
vals 2T4 or 12T14, the appropriate gating control signal
is based upon the pair of sequence states which overlap
the state change. For example, if a gating action occurs or
continues during the time interval 2T4 during which se-
quencer 43IS is advancing from sequence state 0 to se-
quence state 1, a signal on conductor I1S01 provides the
basis for the generation of the appropriate gating signal
by OCG circuit 420CG. This concept is also applied to
the generation of those gating pulses which extend over
two or more sequence states.

During the execution of particular machine instruc-
tions by signal processor 200, conditions arise under
which sequencer 43IS is not advanced to the next se-
quential sequence state. Instead, sequencer 43IS is either
returned to a preceding sequence state or skips to a more
advanced sequence state. This type of sequencer control is
termed sequence looping and occurs only under certain
specified conditions during the execution of particular
machine instructions by signal processor 200.
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FIG. 53B of the drawing is a diagram illustrating the
various sequence state changes through which sequencer
43IS may be advanced in response to signals transmitted
from OCG circuit 420CG via sequence control cable
4201. The circles in FIG. 53B represents the respective
sequence states 0-15 through which sequencer 4318 is ad-
vanced. The connecting arrows define the sequence state
changes. Each arrow is labeled with the action taken and
the time of sequence state change. For example, the arrow
connecting sequence states 1 and 2 is labeled S2 and 12T14
to indicate that a change from sequence state 1 to sequence
state 2 of sequencer 43IS requires that flip-flop IFF2 in
sequencer 43IS be SET during time interval 12T14. FIG.
53A is a table specifiying the conditions of flip-flops IFF1,
1IFF2, IFF3 and IFF4 which define the sequence states
shown in the diagram.

The following equations define the conditions under
which signals are placed on the respective output conduc-
tors of sequencer 431IS.

IFF1=flipflop 1FF1 in SET condition
TFFi=flip-flop IFF1 in RESET condition
IFF2=flip-flop IFF2 in SET condition
TFF2=flip-flop IFF2 in RESET condition
1FF3=flip-flop IFF3 in SET condition
TFF3=flip-flop IFF3 in RESET condition
1FF4=flip-flop IFF4 in SET condition
TFFi=flip-flop IFF4 in RESET condition
1501=(TFF2)(TFF3) IFF1)
IS12=(IFF1)(TFF3) (IFF4)
1823=(IFF2)(TFF3) (TFF1)
1S34=(TFF1) (IFF2) (IFF4)
1S45=(IFF2)(IFF3)(IFF3)
I1856=(IFF1)(IFF3)(TFF1)
1567==(IFF1) (TFF2) (IFF3)
1878=—=(IFF1)(IFF3)(IFF4)
I1589=(IFF2)(IFF3)(IFF4)
18910=(TFF1) (IFF2) (IFF4)
IS1011=(IFF2)(TFF3)(IFF4)
IS1112=(IFF1) (IFF3) (IFF4)
181213=(TFF2)(TFF3)(IFF4)
I$1314=(TFF1)(TFF2) (IFF4)
I51415=(TFF1) (IFF2) (IFF3)
I828=(TFF2) 4+ (IFF3)(IFF4)
I534=(IFF1) 4 (IFF2)+ (IFF4)

45=(TFF2)+(IFF3) + (IFF4)

T556=(IFF1) +(IFF3) 4 (IFF4)
I878=(IFF1)+(IFF3) +(IFF1)

1415=(IFF1) 4+ (IFF2)+ (IFF3)
152345—=(TFF4) (IFF2)
1825=(152345)(IFF1)
1549=(TFF1) IFF2) (IFF3)
1585=(IFF1)(IFF2)(IFF3)
15345=(1534)4-(1545)
1523567=(1523) 4 (1525)--(1567)
ISG1=(I589) 4 (1585) 4 (151415)

ISG2=(I534)4- (1556)+(1578)

The following Boolean equations define the system con-
ditions, as indicated by the presence or absence of signals
on input conductors to OCG circuit 420CG, under which
control signals are transmitted on certain conductors of
order cable 4209 by order combining gate circuit 420CG.
Signals on these particular conductors of order cable 4209
are returned to OCG circuit 420CG and serve as a basis
for a decision by OCG circuit 420CG as to the control
of particular sequence state changes of sequencer 43IS.

SIS94=(EISD) (32FFA)

SIS25=(EHP)(HE2)

S1549=(EHP)(HE1)

SIS43=(ELMH)(RCY)
SIS85=[(EIS1)+-(EIS2)1[(BR22) (32FF1) (32FF5) ]

The following Boolean equations define the system con-
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ditions, as indicated by input signals to OCG circuit
420CG under which sequence control signals are trans-
mitted by OCG circuit 420CG over cable 4201 to se-
quencer 4318 for controlling the condition of the flip-flops
IFF1, IFF2, IFF3 and IFF4 in sequencer 43IS. A signal
on any of the conductors SIFF1, SIFF2, SIFF3 and SIFF4
of sequence control cable 4201 will cause the correspond-
ing flip-flops IFF1, IFF2, IFF3 and IFF4 to be SET.
Similarly, a signal on any of the conductors RIFF1,
RIFF2, RIFF3 and RIFF4 of sequence control cable 4201
will cause the corresponding flip-flops IFF1, IFF2, IFF3
and IFF4 to be RESET. A signal on conductor RISQ of
sequence control cable 4201 will cause all the flip-flops
IFF1, IFF2, IFF3 and IFF4 to be RESET simultaneously

thereby placing sequencer 431S in sequence state 0.

SIFF1=[(3808E)(2T4)1[(1501) (EXRTR)+(151011)
H-(1545) (8T549) (§1543) 1 :

RIFF1=[(3808E)(2T4)1[ (IS23) (FIS25) 4 (1589)
(STR85)+(151213)]

SIFF2=[(32PF) (12T14) 1{ (I512)4+(1578)]

RIFF2=[(IS56)4(IS1112) ][ (12T14)]

SIFF3=[(32PR)(12T14)1((1534)+(I51314) ]
+[(38USE) (2T4) (1525) (SI525) ]

RIFF3=[(12T14) (15910) (m) 1+1(38CRE) (2T4)
(1534) (51543) ]

SIFFA=[(2T4)(1567) 1+ [ (38TRE) (I549) (SIS49)
(274)]

RIFF4=[(38CRE) (2T4)1[(IS1415) + (IS85) (SIS85) ]
+-[(EISD) (32FFA) (1549) (12T14) ]

RISQ=[(32PR)(9T11)4-(CG1CCD14)]

During the description given later herein of the execution
of each machine instruction, the above Boolean equations
will be broken down into specific system conditions rela-'
tive to the execution of a particular machine instruction.
It is not intended that the functions defined during the ma-
chine instruction descriptions be considered a complete
Boolean equation but merely an expression representing
certain system conditions under which a signal is placed
on a particular output conductor of OCG circuit 420CG.,

Network quene sequencer 42NQS

Network queue sequencer 42NQS is used only when
signal processor 200 is executing a network machine in-
struction NTK as defined by a signal from decoder 13ID
on conductor ENTK of cable 1311. The sequence of gat-
ing actions performed during execution of a network
machine instruction NTK is incompatible with the se-
quences of gating actions performed during the execution
of other machine instructions. Accordingly, a separate
sequencer 42NQS is provided.

Sequencer 42NQS comprises five counter flip-flops
NFF1, NFF2, NFF3, NFF4 and NFF5. The control of
these flip-flops is similar to that described above with
reference to instruction sequencer 431S. OCG circuit
420CG transmits control signals via sequence control
cable 4201 which control the sequence state changes of
sequencer 42NQS. As in sequencer 4318, all sequence state
changes of sequencer 42NQS require a change in con-
dition of only one of the flip-flops of which the sequencer
42NQS is comprised. This feature permits the above-
described parity check between the respective sequence
states of sequencers 42NQS and 4318,

As in the case of instruction sequencer 4318, sequencer
42NQS is advanced through a plurality of sequence states
in response to control signals from OCG circuit 420CG.
Although sequence state changes are usually sequential
in nature, conditions arise during the execution of the
network machine instruction wherein certain sequence
states are skipped and wherein it becomes necessary to
return from an advanced sequence state to a previous
sequence state. FIG. 54B of the drawing shows a sequence
state diagram for network queue sequencer 42NQS which
indicates the time intervals during which sequence states
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are changed and the control action required to cause each
particular sequence state change. For example, to advance
sequencer - 42NQS from sequence state 1 to sequence
state 2, OCG circuit 420CG transmits a control signal
during time interval 12T14 which causes flip-flop NFF2
to be SET. This is indicated on the diagram by the
information written above the arrow connecting the circles
labeled 1 and 2. This information includes the time in-
terval 12T14 -and the required action indicated by-the
designation S (indicating SET) and 2 (indicating flip-flop
NFF2). FIG. 54A of the drawing is a table in which
each sequence state of sequercer 42NQS is- defined in
terms of the respective conditions of flip-flops NFF1,
NFF2, NFF3, NFF4 and NFFS. ; '

Although repeated later herein during the description
of the execution of a network machine instruction NTK,
Boolean equations are now presented to define the sys-
tem conditions under which control signals are trans-
mitted to sequencer 42NQS by OCG circuit 420CG.
A signal on any of the conductors SNFF1, SNFF2,
SNFF3, SNFF4 and SNFFS of sequence control cable
4201 will cause the corresponding flip-flops NFF1, NFF2,
NFF3, NFF4 and NFF5 to be SET. Similarly, a signal
on any of the conductors RNFF1, RNFF2, RNFF3,
RNFF4 and RNFFS5 of sequence control cable 4201 will
cause the corresponding flip-flops NFF1, NFF2, NFF3,
NFF4 and NFFS to be RESET. A signal on conductor
RNSQ of sequence control cable 4201 will cause all of
the flip-flops NFF1, NFF2, NFF3, NFF4 and NFFS5 to be
RESET thereby placing sequencer 42NQS in sequence
state 0.

SNFF1=[(38C8E) (2T4) (ENTK)1[(NS01) 4 (N545)

+(NS1011)] .
RNFF1=[(38CRE)(2T4)1[(NS23)(FF3)

+(NS67) (BRZ2) +(NS1415) (32FF3A)
+(NS1819)]
SNFF2=(12T14) [ (N§12) 4 (N5910) 1+ (38CRE)

(2T4) (NS145)(32FFA)
RNFF2=(12T14)[(N578) 4 (NS1112) +(NS§1718)]
SNFF3=(12T14) (NS34) 4 (8SCRE) (2T4) (N525)

(32FF3)

RNFF3=(9T11)(NS150)

SNFF4=(12T14)(NS56)

RNFF4=(38C8E)(2T4)(NS§1213)

SNFF5=(38CSE)(2T4) [(N589)+(NS611) (BR22)
+(NS217)(32FFA)]

RNFF5=(12T14)(NS1314) 4 (N5190)(5T11)

RNSQ=(CG1CCDI15)

The following equations define the conditions under
which signals are placed by sequencer 42NQS on its re-
spective output conductors shown in FIG. 42 of the draw-
ing. Sequencer 42NQS includes the logic circuitry neces-
sary for implementing the following Boolean equations:

NFF1=Flip-flop NFF1 in SET condition
NFFi=Flip-flop NFF1 in RESET condition
NFF2=Flip-flop NFF2 in SET condition
XNFF2=Flip-flop NFF2 in RESET condition
NFF3=Flip-flop NFF3 in SET condition
NFF3=Flip-flop NFF3 in RESET condition
NFF4=Flip-flop NFF4 in SET condition
NFFi=Flip-flop NFF4 in RESET condition
NFFS5=Flip-flop NFF5 in SET condition
NFF5=Flip-flop NFFS in RESET condition
NSO1=(NFF2)(RFF3)(NFF4)
NS§12=(NFF1)(NVFF3)(NFF%)
NS§23=(NFF2)(NFF3)(NFF4)
NS§34=(NFFIL)(NFF2)(NFF4)
NS45=(NFF2)(NFF3) (NFFi)
NS56={(NFF1)(NFF2){NFF3)(NFF5)
NS6T=(NFF2) (NFF4)(NFF5)
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NS§78=(NFFI1) (NFF4) (NFT35)
NS89 (NFF1) (NFF2) (NFF4)
NS910—=(NFF1)(NFF4) (NFF5)
NS1011=(NFF2)(NFF4)(NFF5)
NS1112=(NFF1)(NFF4) (NFF5)
NS1213=(NFF1)(NFF2)(NFF3) (NFF5)
NS1314=(NFF1)(NFF2)(NFF3) (NFF4)
NS217={(NFF1) (NFF2)(NFF3) (NFF1)
NS1718=(NFF1)(NFF3) (NFF4) (NFFS5)
NS1819=(NFF2)(NFF3) (NFF4) (NFF5)
NS190=(NFF1) (NFF2)(NFF3) (NFF4) -
NS1415=(NFF2)(NFF3) (NFF1)(NFF3)
NS150=(NFF1)(NFF2) (NFF1) ‘
N§1011=(XFF2) + (NFF4) + (NFF5)
NS145=(NFF1) 4+ (NFF3) +(NFF4)+ (NFFS)
NS25=(NFF1)(NFF2)(RFF1) \
NS§145=(NFF1) (NFF3) (NFF%) (NFF5
NS611=(NFF1)(NFF2)(NFF4)
NS61011=(NS611)+(NS1011)
NSG1=(NS01) +(NS45) -+ (N§S1011)
NSG2=(NS§25)+(N545) 4 (NS145) +(NS589)

+(NS1011)

In accordance with the above Boolean equations it may
be noted that each of the output conductors of sequencer
42NQS is mnemonically labeled so as to specify one or
more sequence states during which a direct-current signal
is present on the conductor. For example, conductor
NSO1 is energized during sequence states 0 and 1 of se-
quencer 42NQS, Similarly conductor N§61011 is energized
during sequence states 6, 10, and 11 of sequencer 42NQS.
The signals transmitted via these conductors to OCG cir-
cuit 420CG are combined with timing pulses from micro-
second clock 47CLK and direct-current signals from other
sources within signal processor 200 by OCG circuit
420CG and provide a basis for the generation of control
gating signals to other areas signal processor 200 during
execution of a network machine instruction NTK.

Network command sequencer 44NCS

Network command sequencer 44NCS controls the ac-
tions of signal processor 200 during those operations
which require communication with Central Pulse Dis-
tributor System 143, communications with the supervisory
and control circuits of Switching Network 120 and com-
munications with other miscellaneous network command
units to which commands are transmitted via Network
Command Bus System 6406. At some time during the
execution of a machine instruction which requires the
transmission of a network command via Network Com-
mand Bus System 6406, network command sequencer
44NCS is started in response to a signal generated in
OCG circuit 420CG. This start signal, placed on con-
ductor SNCQ of order cable 4209, is a function of the
particular machine instruction being executed by signal
processor 200, the sequence state of sequencers 42NQS
and 43IS and other D-C input information received by
OCG circuit 420CG from the data processing area of
signal processor 200. The following Boolean equation de-
fines the conditions within signal processor 200 under
which conductor SNCSQ of order cable 4209 is energized -
by OCG circuit 420CG.

SNCSQ=(ETCT) (1567) (TCPD) (38CRE)
L-[(ENCO)+ (EMM) 4+ (EDS)](I523)
[ (EIS1)+ (E1S2) +(EISD) 4 (ERAP)]
(IS45) (380K E)
L-[(EIS1)+(ELIS2)](SIS85)(1585) (38CFE)
+(NS145) (32FFA) (38CKT)

The above equation is subdivided into particular system
conditions giving rise to a start of sequencer 44NCS dur-



3,408,628

45

ing the descriptions of each machine instruction presented
later herein. In each of the terms of the above Boolean
equation, except the last term, a particular machine in-
struction is defined by the presence or absence of a signal
on one of the output ¢onductors of decoder 13ID, a par-
ticular sequence state is defined by the presence or absence
of a signal on an output lead from instruction sequencer
4318, an indication is given of the absence of communica-
tions error from a preceding communications operation
with Signal Processor Call Store System 172 and certain
conditions within the data processing area of signal proc-
essor 200 are defined. The last term of the above Boolean
equation predicates the transmission of a control signal on
conductor SNCSQ on a particular sequence state of se-
quencer 42NQS which itself identifies a particular ma-
chine instruction since it is used only in controlling the
execution of a network machine instruction NTK,
Sequence state changes of sequencer 44NCS. are con-
trolled by signals from OCG circuit 420CG transmitted
via certain conductors of sequence control cable 4201,
The following Boolean equations define the system condi-
tidns, as indicated by input signals to OCG circuit 420CG,
under which control signals are placed on certain of the
conductors of sequence control cable 4201. A signal on
one of the conductors SNCS1, SNCS2 and SNCS3 of
sequence control cable 4201 will cause the corresponding
fip-flop NCS1, NCS2 and NCS3 of sequencer 44NCS to
be SET. Similarly, a signal on one of the conductors
RNCS1, RNCS2 and RNCS3 of sequence control cable
4201 will cause the corresponding flip-flops NCS1, NCS2
and NCS3 of sequencer 44NCS to be RESET. A signal on
conductor RNCSQ of sequence control cable 4261 causes
all the flip-flops NCS1, NCS2 and NCS3 to be RESET
thereby placing sequencer 44NCS in sequence state 0,

SNCS3=(SNCSQ) (NCS01) (274)
RNCS3=(ENCRQ)(NCS45)(2C4)
SNC§2=(NCS12)(12T14)
RNCS2=(NC534)(12C14)

SNCS1=(NC523) (2C4)

RNCS1=(NCS14)(SNCSQ) (2T4) 4 (NCS05) (12C14)
RNCSQ=(CG1CCD12)

Sequencer 44NCS is a Gray code counting circuit com-
prising three flip-flops NCS1, NCS2 and NCS3. All se-
quence state changes of sequencer 44NCS occur during
the time intervals 2T4 or 12T14, which correspond to
the time intervals during which the instruction sequencer
431S and the network queue sequencer 42NQS are in-
dexed. However, unlike sequencers 42NQS and 43IS;
sequencer 44NCS, once started, will independently ad-
vance through six sequence state, ie., sequence state 0
through sequence state 5, unless interrupted by particular
system conditions. This complete cycle of sequencer
44NCS is insured by the utilization of clock pulses from
both the T and C pulse groups generated by microsecond
clock 47CLK. This way be noted from the above Boolean
equations. This type of control permits sequencer 44NCS
to complete any operation already started even though the
formation of pulses in the T pulse group by clock 47CLK
is inhibited, as described previously, by start-stop con-
trol 48SS.

The following Boolean equations define the conditions
under which the respective output conductors of sequencer
44NCS are energized. Sequencer 44NCS includes the logic
circuitry for implementing the logical operations defined
below,

NCSF1=flip-flop NCSF1 in SET condition
NCSF1=flip-flop NCSF1 in RESET condition
NCSF2=flip-flop NCSF2 in SET condition
NOSF2=flip-flop NCSF2 in RESET condition
NCSF3=flip-flop NCSF3 in SET condition
NOSF3={lip-flop NCSF3 in RESET condition
NCS12=(NCRFI) (NCSF3)
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NCS01=(NCSF1)+(NCSF2)
NCS23=(NCSF2) (NCSF3)
NCR2B=(NCRF2)+(FNTSF3)
NCS05=(NCSF1)(NOSF3)
NCS012=(NCFSI1)
NCS14=(NOF82) (NCSF3)
NOR14=(NCSF2) +(NCSF3)

Signals on certain of the above-listed output conductors
indicate that sequencer 44NCS is in either of two sequence
states. For example, a signal on output conductor NCS14
indicates that sequencer 44NCS is presently in either se-
quence state 1 or sequence state 4.

During the execution of certain iterative type machine
instructions it ‘may become necessary for network com-
mand sequencer 44NCS to recycle and repeat part of its
operation. The system conditions required for a return by
sequencer 44NCS from its sequence state 4 to its sequence
state 1 are set forth in the above Boolean equation defin-
ing the input signals to OCG circuit 420CG necessary
for transmitting a signal on conductor RNCS1 of sequence
control cable 4201,

FIG. 55B of the drawing shows a sequence state dia-
gram of sequencer 44NCS and FIG. 55A shows an ac-
companying table similar to those presented in FIGS.
53A and 54A relating to sequencers 43IS and 42NQS
respectively.

Call store read, write and recall sequencer 44RCS

Call store read, write and recall sequencer 44RCS
controls the actions of signal processor 200 during most
communications with Signal Processor Call Store System
172. Such communications are necessary for obtaining
instruction words from Signal Processor Call Store Sys-
tem 172 and for reading data from and writing data in
Signal Processor Call Store System 172 during execution
of cértain machine instructions. Sequencer 44RCS includes
two information type flip-flops SPWFF and DRWEFF and
two counter flip-flops RCFF1 and RCFF2. Flip-flop
SPWFF is placed in a SET condition by a signal from
OCQG circuit 420CG via conductor SSPWFF of sequence
control cable 4201 when information is to be written into
Signal Processor Call Store System 172 from a source
within signal processor 200. Flip-flop DRFF is placed in’
a SET condition by a signal transmitted from OCG cir-
cuit 420CG via conductor SDRFF of sequence control
cable 4201 whenever information to be processed as data
is to be read from Signal Processor Call Store System 172.
Both flip-flops SPWFF and DRFF are placed in a RESET
condition by a signal transmitted from OCG circuit
420CG via conductor RPRW of sequence control cable
4201. The following Boolean equations define the condj-
tions in terms of input signals to OCG circuit 420CG
under which control signals are transmitted over conduc-
tors SPWFF, SDRFF and RPRW of sequence control
cable 4201.

SSPWFF=(38C8E) (CSW-) (4T6)
SDRFF=(38CRE)(CSRD-)(4T6)
RPRW=(380FE)(2T4)
The following equations define the conditions under
which certain of the output conductors of sequence 44RCS

are energized in terms of the condition of flip-flops
SPWFF and DRFF.

SPAW=Alip-flop SPWFF in SET condition
SPAW=A{lip-flop SPWFF in RESET condition
DR={lip-flop DRFF in SET condition
DE=Alip-flop DRFF in RESET condition

The significance of the ahove output conductors of se-
quencer 44RCS will be more apparent from the discussion
given later herein of communications between signal pro-
cessor 200 and Signal Processor Call Store System 172.
As further described later herein, in the event that an
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error is detected in connection with a communication
initiated by signal processor 200 with Signal Processor
Call Store System 172, the communications operation
producing that error is repeated automatlcally under the
control of sequencer 44RCS. It is in the repetition of such
an operation that the counter flipflops RCFF1 and
RCFF2 are utilized. It will be noted throughout this de-
scription that many actions of signal processor 200 are
inhibited when an error during an operation with Signal
Processor Call Store System 172 is detected. Such errors
are indicated to OCG circuit 420CG by a signal on con-
ductor 38CSE, originating on FIG. 38 of the drawing,
which reflects the condition of flip-flops CSEI and CSEE
in flip-flop group 38SPE. Whenever a signal is present on
conductor 38CSE of OCG cable 4600, sequencer 44RCS
is started.

The following equations define the other output con-
ductors of sequencer 44RCS in terms of the conditicning
of flip-flops RCFF1 and RCFF2.

RCO01=flip-flop RCFF2 in RESET condition
RC12=flip-flop RCFF1 in SET condition
RC23=flip-flop RCFF2 in SET condition
RC30=flip-flop RCFF1 in RESET condition
RCO=(RS12)+4(RC23)

FIGS. 51A and 51B, respectively, are a table and coire-
sponding sequence state diagram for sequencer 44RCS
similar to those presented previously for sequencers 431S
and 44NQS. The conditioning of flip-flops RCFF1 and
RCFF2 of sequencer 44RCS is controlled by signals
transmitted from OCG circuit 420CG via conductors
SRCFF1, RRCFF1, SRCFF2 and RRCFF2 of sequence
control cable 4201. The following Boolean equations de-
fine the system conditions, as indicated by input signals
to OCG circuit 420CG, under which control signals are
transmitted via the aforenoted conductors of sequence
control cable 4201,

SRCFF1=(RCO01)(38CSE) (2T4)
RRCFF1=(RC?23)(38CFE) (274)
SRCFF2=(RC12)(12T14)
RRCFF2=(RC30)(12T14)

It may be noted from the above Boolean equations that
flip-flop RCFF1 is not RESET to advance sequencer
44RCS from sequence state 2 to sequence state 3 unless
the repeated communication with Signal Processor Call
Store System 172 is completed without the detection of
an error. If an error is detected durmg the repeated com-
munication, an interrupt signal is transmitted from signal
processor 200 to Central Control System 101 as described
later herein during the description of the communications
area of signal processor 200,

Central control request sequencer 45CCRS

The output conductors of central control request se-
quencer 45CCRS transmit signals to OCG circuit 420CG
for controlhng the actions of signal processor 200 during
its operation in response to a central control call store
command from Central Control System 101. Sequencer
45CCRS comprises three flip-flops CCS1, CCS2 and
CCS3 which are conditioned in accordance with control
signals transmitted by OCG circuit 420CG via conduc-
tors SCCS1, RCCS1, SCCS2, RCCS2, SCCS3, RCCS3
and RECCR of sequence control cable 4201. The flip-
flops CCS1, CCS2 and CCS3 may be conditioned to de-
fine eight possible sequence states of which seven states,
sequence state 0 through sequence state 6, are utilized.
The output conductors of sequencer 45CCRS are ener-
gized to reflect the particular sequence state represented
by the condition of flip-flops CCS1, CCS2 and CCS3 in
accordance with the following equations:

CCS1=flip-flop CCS1 in SET condition
TCS1=Alip-flop CCS1 in RESET condition
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CcCs2=Rip-flop CCS2in'SET condition
TTRZ=flip-flop CCS2 in RESET condition
CCS3=flip-flop 'CC53 in SET condition
TCF3=flip-flop. CC$3 in RESET condition

CCRO1==(CCS1)(TTRZ)

€CR12=:(TOR1) (CCS3) ,
CCR23=(TTRI)(CCS2) S
CCRO3=(TTRI)(TCR3)
CCRO156= ('tTC‘S" 3)

CCR24= (ccss)(ccsz)

CCR45=(CCS$1) (CCS3)
CCR15=(TTRZ)(CCS3)

CCR56=(CCS1) (CO0R2)
CCRO6==(CTR2)(TCH3)
CCR1245=(CCS3) =
CCRO15==(CCR15)-+(CCRO1)
CCR6=(CCS1)(TTRZ) (TTFB)

FIG. '56B of the drawing. shows a sequence state dia-
gram for sequencer 4SCCRS accompamed by a table in
FIG. 36A defining each séquence state of sequencer
45CCRS in terms of the condition of the respective flip-
flops CCS1, CCS2 and CCS3. The significance of signals
on the respective output conductors of sequencer 45CCRS
is similar. to that pertaining to the ontput conductors of
the previously described sequencers 42NQS, 431S, 44NCS
and 44RCS. For example, a signal on output conductor
CCR1245 indicates that sequencer 45CCRS is in either se-
quence state 1, sequence state. 2, sequence state 4 or
sequence state 5. Similarly, a signal on output. conductor
CCR12 indicates that sequencer 45CCRS is either in se-
quence state 1 or in sequence state 2.

The following Boolean equations define the system con-
ditions, as indicated by input signals to OCG circuit
420CG, under which control signals are transmitted by
OCG circuit 420CG over sequence ‘control cable 4201 for
conditioning the respective flip-flops CCS1, CCSZ and
CCS3 of sequencer 4SCCRS.

SCCS3=(CCRQ){CCRO1)(2C4)
RCCS3=[(CCRO1)(12C14)1[(TTRQ)+(40RQF)]
+[(CCR56)(40CCWE)(2C4)]
H-[(2C4)(CCR23)1[{CAM) +(SPRQ)
+(CSRO)Y(NH+WNE+40CCWE)]
§CCS$2=(CCRQ)(CCR12)(WRQF) (12C14)
RCCS2={CCR03)(12C14) +(CCR45)(12C14)
SCCS1= (CSRQ)(4OCCWE)(CCR24)(UIH)
(NM)(WNR)(2C4) ‘
RCCS1=[(CCR06) (SPRQ)(21C1)]
+[(CCRI15)(40CTWE) (2C4)1 .
8RECCR="Signal from CPD System 143

The source of the input signals incorporated in the above
Boolean eéquations and their significance will be more fully
described later herein during thé description of the com-
munications area of signal processor 200.

. START-STOP CONTROL 4888
_ INTERRUPT CONTROL 49IC

Start-stop control 48SS and central control interrupt
control 491IC, although nominally inchided in the control
area of signal processor 200, are more. appropriately dis-
cussed in association with the maintenance area of signal-
processor 200, Accordingly, a discussion of these cir-
cuits is included in a later description of the maintenance
area of signal processor 200 and reference may be made
thereto to complete the above descnphon of the control
area of signal processor 200,

Five millisecond timing control

Signal processor 200 is connected to Central Control
System 101 by cable 5150. Every five milliseconds, Cen-
tral Control System 101 transmits a pulse on cable 5150

‘which is received by signal] processor 200 through trans-
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former 5161 and amplifier 5109 on conductor 51SFF§.
Conductor 518FF6 is connected through cable 4000 to
the SET terminal of flip-flop FFé in flip-flop group 325C2.
Accordingly, the signal received from Central Control
System 101 causes flip-flop FF6 to be SET and to place a
signal on its output conductor 32FF6. During the next time
interval 12T14, AND gate 3206 is enabled by a signal
from OCG circuit 420CG via cables 4209 and 3202. As
a result, a signal is transmitted through OR gate 3207
which causes flip-flop FF5 to be SET. During .the next
time interval 20T0, flip-flop FF6 is automatically RESET
by a signal on conductor RFF6 of order cable 4209 from
OCG circuit 420CG. Flip-flop FF5 remains SET. At
some time thereafter, during execution of a particular ma-
chine instruction by signal processor 200, flip-flop FF5
is RESET in response to a signal from QCG circuit
420CG on conductor RFFS of order cable 4209. Flip-flop
FF35 then remains RESET until the next signal is received
on conductor S1SFF6 from Central Control System 101.
As noted above, these signals are transmitted at five milli-
second intervals. Accordingly, flip-flop FF5 will remain
RESET for five milliseconds.

The state of flip-flop FF5 in flip-flop group 32SC2 is
examined at discrete intervals during execution of pro-
gram sequences by signal processor 200. If flip-flop FF5
is found to be in a SET condition, the program of signal
processor 200 causes certain high priority tasks which
must be performed at least every five milliseconds to be
started. Also, if flip-flop FF5 is found to be SET during
execution of certain iterative type machine instructions,
execution of the iterative instruction is stopped and a
programmed return to high priority tasks is made. Thus,
flip-flop FF5 serves as a critical timing indicator which
specifies a lapse of five milliseconds since the high priority
tasks of signal processor 200 were last started.

Communications area of signal processor 200

The communications area of signal processor 200 in-
cludes the circiuts by means of which information is re-
ceived and transmitted by signal processor 200. The fol-
lowing description will be directed first, to the bus systems
and cables via which information is received and trans-
mitted by signal proecssor 200; second, to the bus selec-
tion gate circuits which select one of the duplicate buses
within a bus system for receiving or transmitting informa-
tion and to the control of the bus selection gates by the
maintenance area of signal processor 200; third, to the
registers within signal processor 200 which serve as the
immediate source or destination for information trans-
mitted and received by signal processor 200; and fourth,
to certain specific communications operations of signal
processor 200 and the control thereof by the control area
of signal processor 200,

BUS SYSTEMS AND CABLES

FIGS. 59 through 69 of the drawing, when arranged as
indicated in FIG. 78, illustrate the major bus systems and
cables which serve as communication paths between the
major divisions of the switching system. FIGS. 64 through
69 are a substantial duplicate of the correspondingly num-
bered figures of the drawing in the aforenoted Doblmaier
et al. patent application. The bus systems and cables
shown in FIGS. 64 through 69 of the drawing thercfore
will not be described in detail herein as such description
would be redundant in view of the descriptions incorpo-
rated in the Doblmaier et al. application. FIGS. 59
through 63 of the drawing illustrate the extension of cer-
tain of the bus systems and cables shown in FIGS. 64
through 69 whereby a Signal Processor System 171 com-
prising two signal processor communities A and B and
their respectively associated Signal Processor Call Store
Systems 172 are communicatively associated with the sys-
tem described in the aforenoted Doblmaier et al. applica-
tion. The following description will be directed only to
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those bus systems and cables illustrated in FIGS. 59
through 63.

Although signal processor 200 illustrated in FIG. 2
and FIGS. 3-51 may represent any of the signal proces-
sors 1A, 2A, 1B or 2B, the assumption is continued that
signal processor 200 represents signal processor 1A in the
A community of signal processors illustrated in FIGS.
59, 60 and 62.

Central Control Call Store Address Bus System 6401
(designated Call Store Address Bus System 6401 in the
Doblmaier et al. application) provides the communica-
tions path via which commands are transmitted from Cen-
tral Control System 101 to Central Control Call Store
System 103. The generation and transmission of these
commands is fully described in the section entitled Call
Store Memory Orders of the aforenoted patent applica-
tion of Doblmaier et al. FIGS. 62 and 63 illustrate the
extension of Central Control Call Store Address Bus Sys-
tem 6401 to the various signal processors 1A, 2A, 1B and
2B of Signal Processor System 171. Signal Processor
System 171 responds to the same format of command
language and encoding to which Central Control Call
Store System 103 responds. Accordingly, Central Control
Call Store Address Bus System 6401, comprising two
duplicate buses “0” and “1” serves as a communication
path for commands transmitted from Central Control
System 101 to Signal Processor System 171,

Central Control Call Store Write Data Bus System
6402, as described in the Doblmaier et al, patent applica-
tion, is utilized for the transmission of data from Central
Control System 101 to Central Control Call Store System
103. FIGS. 62 and 63 illustrate the extension of Central
Control Call Store Write Data Bus System 6402 to signal
processors 1A, 2A, 1B and 2B of Signal Processor Sys-
tem 171, Accordingly, Central Control Call Store Write
Data Bus System 6402, comprising two duplicate buses
“0” and “1,” is utilized as a communications path for data
transmitted from Central Control System 101 to Signal
Processor System 171.

CPD Address Bus System 6403, as described in the
aforenoted Doblmaier et al. patent application, serves as
a communications path via which CPD commands are
transmitted from Central Control System 101 to Central
Pulse Distributor System 143. FIGS. 62 and 63 illus-
trate the extension of CPD Address Bus System 6403,
comprising duplicate buses “0” and “1,” to Signal
Processor System 171 whereby signal processors 1A,
2A, 1B and 2B transmit CPD commands to Central Pulse
Distributor System 143,

CPD execute cable 6404 is utilized, as described in the
Doblmaier et al. application, for the transmisison of con-
trol signals from Central Control System 101 to Central
Pulse Distributor System 143. As illustrated in FIGS. 62
and 63, CPD execute cable 6404 is extended to Signal
Processor System 101 to permit the transmission of con-
trol signals from signal processors 1A, 2A, 1B and 2B
to Central Pulse Distributor System 143.

CPD Bus Choice Bus System 6405 comprising
duplicate buses “0” and “1,” provides a communications
path, as described in the Doblmaier et al. patent applica-
tion, for bus choice signals transmitted by Central Con-
trol System 101 to Central Pulse Distributor System 143.
Bus System 6405 is extended, as illustrated in FIGS. 62
and 63, to permit the transmission of bus choice sig-
nals from the various signal processors 1A, 2A, 1B and
2B of Signal Processor System 171.

Network Command Bus System 6486, comprising
duplicate buses “0” and “1,” provides a communications
path for network commands transmitted from Central
Control System 101 to the various network command
units shown in FIG. 56 of the drawing, as described in
the Doblmaier et al. patent application. Network
Command Bus System 6406 is etxended, as shown in
FIGS. 62 and 63, to provide a transmission path for
network commands transmitted from the respective sig-
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nal processors 1A, 2A, 1B and 2B of Signal Processor
System 171 to the network command units illustrated in
FIG. 56.

Scanner Answer Bus System 6600 comprising duplicate
buses “0” and “1” serves as a communications path for
information transmitted from Master Scanner System 144
and network scanners such as 123, 135 and 139 to
Central Control System 101, as indicated in the patent
application of Doblmaier et al. Bus System 6600 is ex-
tended to signal processors 1A, 2A, 1B and 2B in FIGS.
62 and 63 to permit the reception of information from
the aforenoted scanners 144, 123, 135 and 139 by Signal
Processor System 171.

Central Control Call Store Response Bus System 6501
comprising duplicate buses “0” and “1” is utilized, as
described in the Doblmaier et al. application, for the
transmission of data from Central Control Call Store
System 103 to Central Control System 101. Bus System
6501 is also connected to signal processors 1A, 2A, 1B
and 2B of Signal Processor System 171 to permit the
transmission of data from Signal Processor System 171
to Central Control System 101.

CPD response cable 6502 is utilized, as indicated in
the aforenoted Doblmaier et al. application, for the
transmission of certain maintenance type signals from
Central Pulse Distributor System 143 to Central Con-
trol System 101, Cable 6502 is also connected to Signal
Processor System 171, as illustrated in FIGS. 62 and 63,
to permit receipt of these maintenance signals from Cen-
tral Pulse Distributor Systemm 143 by signal processors
1A, 2A, 1B and 2B of Signal Processor System 171.

Cable 6701 is utilized, as illustrated in FIGS. 67 and
68 and described in the Doblmaier et al. patent applica-
tion, to transmit certain maintenance and control sig-
nals from Central Pulse Distributor System 143 to vari-
ous other divisions of the switching system, FIGS. 60
and 61 illustrate the connection of cable 6701 to Signal
Processor System 171 whereby the maintenance and con-
trol signals may be received by signal processors 1A,
2A, 1B and 2B and their respectively associated Signal
Processor Call Store Systems 172A and 172B. Cable
6702, via which other control signals are transmitted
from Central Pulse Distributor System 143 to Central
Control System 101, as shown in FIG. 67 and described
in the Doblmaier et al. application, is also connected to
the respective signal processors 1A, 2A, 1B and 2B to
permit reception of the control signals by Signal
Processor System 171. The bipolar cable 6700 and the uni-
polar cable 6703, via which control signals are trans-
mitted to other portions of the switching system, are ex-
tended to Signal Processor System 171 as shown in FIGS.
60 and 61. The function of the signals transmitted via
the cables 6700 and 6703 is described in the aforenoted
Doblmaier et al, application, except for those directed

to the Signal Processor System 171 which are described |

later herein.

CPD Verify Bus System 6704 comprising duplicate
buses “0” and “1” provides facilities for the transmission
of other maintenance information from Central Pulse
Distributor System 143 to Central Control System 101,
as described in the aforenoted patent application of
Doblmaier et al. Bus System 6704 is also connected to
Signal Processor System 171, as illustrated in FIGS. 60
and 61, so that these maintenance signals may be re-
ceived by Signal Processor System 171 also.

Diagnostic cable 6901 serves as a communications path
between various portions of the switching system and
Master Scanner System 144 whereby certain strategic
points of the switching system are monitored by Master
Scanner System 144 for possible malfunctions. FIG. 59
illustrates the extension of cable 6901 from FIG. 69 to
Signal Processor System 171 and to Signal Processor Call
Store System 172 to permit the monitoring of certain
strategic circuit elements within those systems. FIG. 59
also illustrates the extension of call store diagnostic bus
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6903 which serves a purpose similar to that described
above with reference to cable 6901,

FIG. 59 further illustrates the extension of the CPD
maintenance response bus 6904 to Signal Processor Sys-
tem 171 to permit the receipt of maintenance information
transmitted via bus 6904, as described in the Doblmaier
et al. patent application, by the respective signal proces-
sors 1A, 2A 1B and 2B of Signal Processor System 171.

In addition to the bus systems and cables noted above
which are mere extensions of those provided in the sys-
tem described in the aforenoted Dobimaier et al. patent
application, certain other bus systems and cables are il-
lustrated in FIGS. 62 and 63. Each signal processor com-
munity A and B is equipped with Bus Systems 6201, 6202,
6203, 6301, 6302 and 6303 whereby communication is
accomplished between the signal processors of a com-
munity, for example between signal processors 1A and
2A of community A, and with the Signal Processor Call
Store System 172A or 172B associated with that com-
munity, for example with Signal Processor Call Store
System 172A of Community A.

Signal Processor Call Store Address Bus System 6202
comprising duplicate buses “0” and “1” serves as a com-
munications path for the transmission of commands from
signal processors 1A and 2A of signal processor commu-
nity A to the call stores 1A-NA of Signal Processor Call
Store System 172A associated with signal processor com-
munity A. Bus System 6302 serves a similar function for
signal processor community B.

Signal Processor Call Store Write Data Bus System
6203 comprising duplicate buses “0” and “1” serves as a
communications path for data words transmitted from
the signal processors 1A and 2A of signal processor com-
munity A to Signal Processor Call Store System 172A.
Bus System 6303 serves a similar purpose within signal
processor community B.

Signal Processor Call Store Response Bus System 6201
is utilized for the transmission of data and instruction
words from Signal Processor Call Store System 172A to
signal processors 1A and 2A of signal processor com-
munity A. Bus System 6301 serves a similar purpose for
signal processor community B. The significance of the in-
formation and control signals transmitted via the various
bus systems and cables noted above will be clarified later
herein during the descriptions of various operational se-
quences of signal processor 200.

BUS SELECTION GATING CIRCUITS

As noted above and described in the aforenoted patent
application of Doblmaier et al., each of the major bus
systems is comprised of two duplicate buses “0” and “1.”
Signal processor 200 can accept information from only
one bus of a bus system at any given time. Accordingly,
gating circuits are provided to determine from which bus
of a bus system information is received. These gating cir-
cuits are in turn controlled by the status of certain flip-
flops within the maintenance area of signal processor 200.
The bus gating control flip-flops are conditioned either by
signals received from Central Pulse Distributor System
143 or in accordance with commands and data received
from Central Control System 101.

Although signal processor 200 can receive information
only from a single bus of a bus system at any given time,
it is capable of transmitting information simultaneously
via both buses of a bus system during certain modes of
operation. Accordingly, other gating circuits are provided
to determine the bus or buses of a bus system via which
information is transmitted from signal processor 200.
These bus selection gate circuits are also controlled by
the status of certain flip-flops in the maintenance area of
signal processor 200 and the flip-flops are also conditioned
either by signals from Central Pulse Distributor System
143 or in accordance with commands and data received
from Central Control System 101. The following descrip-
tion of bus selection gate circuits includes a table for each
bus selection gate circuit which defines the bus or buses
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via which information is transmitted and received in terms
of the condition of the bus control flip-flops in the main-
tenance area of signal processor 200. The conditioning of
the bus control flip-flops is described later herein during
the description of the communications area of signal
processor 200.

Central control call store bus selection gate
circuits 300, 400 and 4100

The selective receipt and transmission of information
via the respective Central Control Call Store Bus Systems
6401, 6402 and 6501 by signal processor 200 is accom-
plished by means of bus selection gate circuits 300, 400
and 4100, respectively. As noted previously herein, a
signal processor accepts information from only one of
the duplicate buses of a Bus System and, in the most usual
mode of operation, the other signal processor of the signal
processor community accepts duplicate information only
from the other bus of the Bus System. Similarly, in the
in-step mode of operation, a signal processor transmits
information via only one bus of a Bus System while the
other signal processor of the signal processor community
transmits duplicate information via only the other bus of
the Bus System. However, when a signal processor is
operating in certain other modes of operation, it may
transmit information via both buses of a Bus System
while the other signal processor of the signal processor
community does not transmit information via either bus
of the Bus System.

Selection of a bus “0” or “1,” within each of the Cen-
tral Control Call Store Bus Systems 6401, 6402 and 6501
is made by the bus selection gate circuits 300, 400 and
4100 in accordance with the condition of flip-flops CCBO,
CCBA, CCBT, OL3, TBL0O and TBLL1 in call store bus
control flip-flop group 36CSC and the condition of flip-
flop AU in special control flip-flop group 34SC1. These
flip-flops are conditioned, as described later herein, either
by signals from Central Pulse Distributor System 143 or
in accordance with information received directly from
Central Control System 101,

The following table defines the choice of bus, “0”
and/or “1,” via which information is received and trans-
mitted by signal processor 200 in terms of the condition
of flip-flops CCBO, CCBA, CCBT and AU. As previously
noted, the active and standby signal processors within a
signal processor community are determined by the con-
dition of flip-flop AU in flip-flop group 345C1. The signal
processor whose flip-flop AU is in a SET condition is
considered the active signal processor and the signal proc-
essor whose flip-flop AU is in a RESET condition is con-
sidered the standby signal processor.

Flip-Flop Condition Active 8P Standby SI*

SET =1, RESET =0 AU=1 AU=0
CCBO CCBA CCBT Sond Receive Sead Receive

Bus Bus Bus Bus

0 0 0 “gr “0” “r “r

i 1 0 “r L

1 i 0 40" and “1? “wr X “1”

1 1 0 “¢ and 17 “r X 0

1 0 1 “mand“1” 4pr X “y

1 1 1 “0" and 17 ar X “r

In the above table, the “X” indicates that the standby
signal processor will transmit on neither the “0” nor the
“1" bus of Central Control Call Store Response Bus
System 6501 since the active signal processor is engaged
in transmitting on both buses “0” and “1.”

When flip-flop TBLO in flip-flop group 36CSC is SET,
all use by signal processor 200 of the “0” buses of Central
Control Call Store Bus Systems 6401, 6402 and 6501 is
inhibited. Similarly, when flip-flop TBL1 in flip-flop group
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36CSC is SET, all use by signal processor 200 of the
“1” buses of Central Control Call Store Bus Systems
6401, 6402 and 6501 is inhibited. The condition of flip-
flop OL3 in flipflop group 36CSC is combined with
certain other D-C indications from within signal processor
200 by OCG circuit 4260CG to permit further control
of the bus selection gate circuits 300, 400 and 4100, as
described herein below.

The respective conditions of flip-flops TBL1, TBLO,
CCBT, CCBA, CCBO and OL3 in flip-flop group 36CSC
and flip-flop AU in flip-flop group 34SC1 are indicated
to OCG circuit 420CG by means of signals on various
conductors of OCG cable 4600. Each flip-flop is equipped
with two output conductors one of which is energized
when the flip-flop is SET and one of which is energized
when the flip-flop is RESET. Both output conductors are
designated with the same designation as the flip-flop. The
overlined output conductor is energized when the flip-
flop is RESET and the other conductor is energized when
the flip-flop is SET. For example, flip-flop CCBO of flip-
flop group 36CSC has two output conductors 36CCBO
and 36CCBO. Conductor 36CCBO is energized when flip-
flop CCBO is SET. Conductor 36CCBO is energized when
flip-flop CCBO is RESET. These input signals received
via OCG cable 4600 are logically combined in OCG cir-
cuit 420CG and result in the transmission of gating con-
trol signals on certain conductors of order cable 4209
which are connected to the bus gate circuits 300, 400 and
4100.

Central control call store address bus selection gates
300 select the bus, “0” or “1,” of Central Control Call
Store Address Bus System 6401 from which central con-
trol call store commands are accepted by signal processor
200. Central control call store write data bus selection
gates 400 select the bus, “0” or “1,” of Central Control
Call Store Write Data Bus System 6402 via which data
transmitted from Central Control System 101 is accepted
by signal processor 200.

The placing of a control signal on conductor ROCC of
order cable 4209 gates the information on bus “0” of
Central Control Call Store Address Bus System 6401
through AND gates 307, 308, 309, 310, 311 and 312
and OR gates 313, 314, 315, 316, 317 and 318 to cable
321. A signal on conductor ROCC of order cable 4209 also
gates the information on bus “0” of Central Control Call
Store Write Data Bus System 6402 through AND gates
404, 405 and 406 and OR gates 407, 408 and 409 to
cable 412 and conductor 4DS. A signal on conductor
R1ICC of order cable 4209 similarly gates the information
on the “1” buses of Bus Systems 6401 and 6402 to cables
321, 412 and conductor 4DS. The following Boolean
equations define the system conditions, in terms of input
signals to OCG circuit 420CG, under which control sig-
nals are placed on conductors ROCC and R1CC of order
cable 4209 by OCG circuit 420CG.

ROCC=[(344U) (36CTBA) (36THI0) 14 (3441
(B6TBLO) [ (36CCEA) (36CCBT) +(36CCBA)
(36CTBT)1

RI1CC=[(344U)(36CCBAY(36TBL1)1+(334T)
(36TBII) [(36CCBA) 36CCET) +-(36CCBA)
(36CCBT)1

Central control call store response bus selection gates
4100 select the bus, “0,” or “1,” of Central Control Call
Store Response Bus System 6501 via which information
is transmitted from signal processor 200 to Central Con-
trol System 101,

A signal on conductor SOCC indicates that the infor-
mation on cable 1912 will be transmitted via bus “0” of
Central Control Call Store Response Bus System 6501.
Similarly, a signal on conductor S1CC of order cable 4209
indicates that the information on cable 1912 will be trans-
mitted via bus “1” of Bus System 6501. The following
Boolean equations define the system conditions, in terms
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of input signals to OCG circuit 420CG, under which con-
trol signals are placed on conductors SOCC and S1CC
of order cable 4209 by OCG circuit 420CG.

S0CC=(34AU) (36TBLD) [(36013) (NM)(CCR23)
+(36CCBO)+ (360CEA) 1+ (33AT) (36TBT.0)
[(360L3)+(NM)+(TCR23)11(36CCBA)
(36CCBT) (36CTHR0) 1+ (SP6)(CCR23)
(RNW)(36TET0) :

S1CC=(344U)(36BTLT) [(360L3) (¥ M) (CCR23)
+(36CCBO)+ (36CCBA) 1+ (34AT) (36TBLI)
[(360L3)+(NM)+(TTR23)1[(36CCBA)

' (360CBT)(36CUE0) 4 (SP6)(CCR23) (RNW)
(36TBIT)

A signal on conductor DRCC gates the information on
cable 1912 through AND gate 4101 to bus “0” of Bus
System 6501 of conductor SOCC has been energized as
described above. If, however, conductor S1ICC has been
energized as described above, a signal on conductor
DRCC gates the information on cable 1912 through AND
gates 4104 to bus “1” of Bus System 6501. The following
Boolean equation defines the system conditions under
which OCG circuit 420CG places a gating signal on con-
ductor DRCC of order cable 4209.

DRCC=[(CCRQ)(WNR)(CCR12)+(CSRQ)(WNR)
(CCR23)+(SP6)(RNW)(CCR23)1(6C8)

The significance of the information transmitted and re-
ceived by signal processor 200 via the above-described
bus selection circuits 300, 400 and 4100 is described later
herein during the description of the response by signal
processor 200 to various commands from Central Control
System 101,

Signal processor call store bus selection
igate circuits 500, 1800 and 29090

Communication between a signal processor 200 and its
associated Signal Processor Call Store System 172 is ac-
complished in a manner similar to that described in the
aforenoted Doblmaier et al. patent application whereby
Central Control System 101 communicates with Central
Control Call Store System 103, In the most usual mode
of operation, a signal processor 200 receives and trans-
mits information via only one selected bus, “0” or “1,”
of Signal Processor Call Store Bus Systems 6201, 6202
and 6203. However, in certain other modes of operation
signal processor 200 may transmit information via both
buses “0” and “1” of Bus Systems 6202 and 6203. The
selection of a bus “0” or “1” in each of the Bus Systems
6201, 6202 and 6203 is controlled in accordance with the
condition of flip-flops CBO, CBA, CBT, OL3, and MRC
in the call store bus control flip-flop group 36CSC and
the condition of flip-flop AU in special control flip-flop
group 34SC1. The following table defines the choice of
bus “0” or “1” in each of Signal Processor Call Store
Bus Systems 6201, 6202 and 6203 via which information
is transmitted and received by signal processor 200 in
terms of the condition of flip-flops CBO, CBA, CBT
and AU.

Flip-Flop Condition Active SP Standby 8P
SET~=1, RESET=0 AU=1 AU=0
CBO CBA CBT Send Bus Receive Send Receive
Bus Bus Bus
0 0 0 ‘o “p? “1” i
0 1 0 i “r “o” “o”
1 0 0 “0and“1” wr X “pm
1 1 0 “g" and 17 e X “or
1 0 1 “0 and "1 s X Y
1 ! | a1 e X apr
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In the above table, the “X” indicates that the standby
signal processor is to send on neither the ”0” nor the “1”
bus of Bus Systems 6201 and 6202 since the active signal
processors is engaged in transmitting on both buses “0”
and “1” of Bus Systems 6401 and 6402.

Bus selection gate circuits 500, 1800 and 2900 are re-
sponsive to gating control signals transmitted from OCG
circuit 420CG via conductors of order cable 4209. A
control signal on conductor ROCS of order cable 4209
gates the information on bus “0” of Signal Processor Call
Store Response Bus System 6201 through AND gates 504,
505 and 506 and OR gates 507, 508 and 509 to cable 512
and conductors SCSSYNC and SCSASW within signal
processor 200. Similarly, a signal on conductor R1CS of
order cable 4209 gates the information on bus “1” of Bus
System 6261 through AND gates 501, 502 and 503 and
OR gates 507, 508 and 509 into signal processor 280.

Signals on conductors SOCSA and SOCSRWP of order
cable 4209 gate the information on cable 1124 through
AND gates 1801, 1802, 1804, 1805, 1806 and 1821 to
bus “0” of the Signal Processor Call Store Address Bus
System 6202. Similarly, signals on conductors S1CSA and
S1CSRWP gate the information on cable 1024 through
AND gates 1808, 1809, 1811, 1812, 1813 and 1822 to
bus “1” of Bus System 6202.

A signal on conductor SOCSD of order cable 4209
gates the information received through OR gates 2912
through AND gates 2901 to bus “0” of Signal Processor
Call Store Write Data Bus System 6203, Similarly, a sig-
nal on conductor SICSD of order cable 4209 gates the
information received through OR gates 2912 through
AND pgates 2904 to bus “1” of Bus System 6203,

The following Boolean equations define the System
conditions, in terms of input signals to OCG circuit
420CG, under which control signals are placed on con-
ductors ROCS, RI1CS, SOCSA, SOCSRWP, SICSA,
S1CSRWP, SOCSD and S1CSD of order cable 4209 by
OCG circuit 420CG.

ROCS=1[(34A4U)(360B4) 1+ [ (36MEC)(360L3)
(NI (CCR1245)1+ (33AT) [(360L3)
+(NM)+(TOR1245)1[(36CBA ) (36CBT)
+(36CB4A)(36CBT)1

R1CS=[(344U)(36CBA)Y]+(36MRC) (360L3)
(NI (CCR1245) 14 (33AT) [ (360L3) +(NM)
+(CCR1245) 1 [(36UBA) (36CBT) + (36CBA)
(36CBT)]

SO0CSA=[(344U) (CCR1245)(CSRQ)(4C6)]
[(360L3) (WA ) +-(360UB4A) +(36CBO)]
+[(BZAT ) (CCR1245) (CSRQ) (4C6) 1
[(360L3)+(NM)1[(36CBA)(36CED)
(36CBT)]1+[(344U) (4T6)11(ARCM)
1L (BRCM)+(ASCM)+(WACM) ]
[(36CBA)+(36CBO)14-(344T ) (4T6) 1
[{ARCM)-+(BRCM)+(ASCM) +(WACM)]
[(36CBA)(36CB0)(36CBT)]

SOCSRWP=—[(334T)(CCR1245)(CSRQ) (6C8) 1]

[(36013) (FH)-+(360B4) -+ (36CBO)]
+[(3B44T)(CCR1245)(CSRQ) (6C8)1]
[(360L3)+(NM)1[(36CBA)(36TB0)
(36CBT)1-+[(344U)(6T8)I[(ARCM)
4+ (BRCM)+(ASCM)+4-(WACM)1]
[(38CB4)+(36CBO) )+ [(344T) (678)]
{(ARCM)-+(BRCM) + (ASCM)
+(WACM)1{(36CBA)(360UB0)(36CBT)]

S1CSA=[(34AU)(CCR1245) (CSRQ) (4C6)]
{(360L3) (NH )+ (36CBA)+ (36CBO) ]
[ (B44T) (CCR1245) (CSRQ) (4C6) 1
[(360L3)--(NM)1[(36CEA)(36CB0)
(3GUBT) |+ (34AU) (4T6)I[(ARCM)
-+ (BRCM )+ (ASCM)--(WACM)]
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[(36CBA) 4 (36CB0O)1-4-[(344T) (4T6)]
[(ARCM) 4 (BRCM)4-(ASCM )+ (WACM)]
[(36CB4)(36CB0)(360BT)]

SICSRWP=[(344U)(CCR1245)(CSRQ)(6C8)1

[360L3)(NHM )+ (36CBA)+ (36CBO)1
+{(3447)(CCR1245) (CSRQ) (6C8)]
[(360L3)+(NM)1[(36CBA)(360B0)
(36TBT)1+1(34AU)(6T8)1[(ARCM)
~+(BRCM) 4 (ASCM)+(WACM)]
[(36CBA)+ (36CBO)1+4[(344T) (6T8) ]
[(ARCM)+-(BRCM) 4 (ASCM)
-H(WACM)1[(36CBA) (36CB0)
(36CBT)]

SOCSD=T[(344U) (SPW)1{(36TBA)-+(36CBO)]
(14T16) [ (B4AT) (SPW)1{(36CBA)
(B36CB0) (36UBT)1(14T16)--[(34A4U)
(CCR1245)(CCRQ) (3T0AM ) (WNR)1
[ (360L3) (F3)+(360BA)+(36CBO)1
(14C16) +[(34AT) (CCR1245) (CSRQ)
(BTTAM) (WNR)1[(360L3) 4+ (NM)]
[(36CBA)(36CB0)(36CBT)1(14C16)

S1CSD=[(344U)(SPW)1[(36CBA)+(36CBO)]
(14716)+1(37AT) (SPW) 11 (36CB4)
(36CB0) (36CBT)1(14T16) +[(344U)
(CCR1245)(CSRQ) (3TCAM ) (WNR) ]
[(360L3)(NM)-(36CBA)+(36CBO)]
(14C16) +[(344T) (CCR1245)(CSRQ)
(3TCAM) (WNR)1[(360L3)+(NM)]
[(360BA) (36CB0) (360BT)1(14C16)

The significance and the source of the various input
signals to OCG circuit 420CG set forth in the above
Boolean equations are described later herein during the
description of the operation of signal processor 200 as it
communicates with Signal Processor Call Store System
172,

Central pulse distributor bus selection
gate circuits 700 and 1600

The bus selection gates 700 and 1600 are controlled in
accordance with the condition of flip-flops CDMA,
CDMB, CPDB and OL1 in network command bus con-
trol flip-flop group 35NTC and the condition of flip-flop
AU in flip-flop group 34SC1. The following table defines
the selection of buses in Bus Systems 6403 and 6704 via
which information is transmitted and received by signal
processor 200 in terms of the condition of the aforenoted
flip-flops within the maintenance are of signal processor
200.
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tion on cables 2509 and 2510 through AND gates 1603
and 1604, respectively, to the “1” bus of Bus System 6403.
The following Boolean equations define, in terms of the
presence or absence of signals from particular input con-
ductors to OCG cricuit 420CG, the system conditions
under which gating control signals are placed on conduc-
tors AOB and Al1B of order cable 4209.

AOB=[(37AT) (350L1) (35CPDB) + (344U)
(35CPDB) +(344U) (35CDMA) + (314T)
(35CPDB) (35CDMB)1[(NCS12) (374T)
(35CDMB)--(NCS12) (334T) (350L1)
+(NCS12) (344U (350L1)1(7T9)

A1B=[(34T) (350L1) (35CPDB) + (34A4U)
(35CPDB)+(344U) (35CDMA) - (3347)
(350PDE) (35CDMB) 1[(NCS12) (344T)
(35CDMB) +(NCS12) (3ZAT) (350L1)
+-(NCS12)(344U) (350L1)1(7T9)

The source and significance of certain of the above input
signals to OCG circuit 420CG included in the above
Boolean equations are described later herein.

CPD verify bus selection gates 700 select the bus “0”
or “1” of CPD Verify Bus System 6704 from which sig-
nal processor 200 will accept verify information trans-
mitted from Central Pulse Distributor System 143. A
signal on conductor 35CPDB gates the information pres-
ent on bus “0” of Bus System 6704 through AND gates
703 and 704 and OR gates 705 and 706 to cables 709 and
513 within signal processor 200. A signal on conductor
35CPDB gates the information on bus “1” of Bus Sys-
tem 6704 through AND gates 701 and 702 and OR gates
705 and 706 to cables 709 and 513 within signal processor
200. The following expressions define the system condi-
tions under which signals are placed on conductors
35CIPDB and 35CPDB.

35CPDE=Flip-flop CPDB in RESET condition
35CPDB=Flip-flop CPDB in SET condition
Network command bus selection gate
circuits 600 and 1500
Network command bus selection gates 1500 select one
of the buses “0” or “1” of the Network Command Bus
System 6406 via which network commands are transmit-
ted from signal processor 200 to the network command
units of the system. This selection is made in accordance
with the condition of flip-flops PBMA, PBMB and OL2
in flip-flop group 35NTC, the condition of flip-lop AU
in flip-flop group 34SC1 and the information stored in
bit position FR14 of register 25FR. The following table
defines the selection of a bus “0” or “1” of Bus System

Flip-Flop Condition Active SP Standby 8P
SBET=1, RESET =0 AU=1 AU=0D
CDMA CDMB CPDB OL1 Send Receive 8end Receive

0 0 Py 0 g e X g
0 0 1 0 “1” LIS 179y
0 1 D 0 llorl llol' sgry 1(0"
0 1 l 0 ciq1s "1” "0" “1”
1 0 0 0 “Dn and lllu dépry X LI 143
1 0 l 0 “0" and lll]l sy LLEE1)
- - 0 % }X( ::[1)" ::1,: l‘gi:
- - 1 tdd ’ “”"yr

In the above table, an “X” indicates that neither of the
buses “0” or “1” of Bus System 6403 is utilized by signal
processor 200 for transmitting information to the Cen-
tral Pulse Distributor System 143,

CPD Address Bus Selection Gates 1600 determine the
bus “0” or “1” of CPD Address Bus System 6403 via
which the address portion of a CPD command is trans-
mitted from signal processor 200 to Central Pulse Distrib-
uwtor System 143. The presence of a signal on conductor
AO0B of order cable 4209 gates the information on cables
2509 and 2510 through AND gates 1601 and 1602, re-
spectively, to the “0” bus of Bus System 6403. A signal
on conductor A1B of order cable 4209 gates the informa-
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6406 in accordance with the conditioning of the afore-
noted flip-flops.

Flip-Flop Condition Active 8P Standby 8P
SET=1, RESET=0 AU=1 AU=0
PBEMA PBMB FRI4 OL2 Send Bus Send Bus

0 0 0 0 Ho X

0 0 1 0 sy X

he 1 0 0 g o

0 1 1 0 ceqrr g

1 0 0 0 “g"” and “1" X

1 L] 1 0 “¢” and “1”

. - 0 ¥ X g

- . 1 1 X “1”
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In the above table the “X" indicates that neither the “0”
bus nor the “1” bus of Bus System 6406 is utilized to
transmit network commands to the network command
units.

A signal on conductor NCUAG of order cable 4209
gates the information on cable 2418 through AND gates
1501 to bus “0” of Bus System 6406. A signal on conduc-
tor NCUA1 of order cable 4209 gates the information
on cable 2418 through AND gates 1502 to bus “1” of
Bus System 6406. The following Boolean equations de-
fine the system conditions, in terms of the presence or
absence of signals from certain input conductors to OCG
circuit 420CG, under which signals are placed by OCG
circuit 420CG on conductors NCUAO and NCUAL of
order cable 4209.

NCUAO={(374T)(FR14)(350L2)
+(344U)(FR14) 4+ {(34AU)(35PBMA)
(3447 ) (FR14) (35PBMB)1[(35SCR)
+(35FTNH)1[(344U)(35012)
+(33AT) (350L2) +(34AT ) (35PBMB) ]
[(NCS23)(18720)]

NCUA1=[(34AT)(FR14)(350L2)
+(344U)(FR14) 4 (344U)(35PBMA)
+(37AT) (FR14)(35PBMB)1[ (355CR)
+(B5FTNH)11(34A4U)(350L2)

+ (33447 (350L2) + (34AT) (35PBMB) ]
[(NCS23)(18720)]

The significance and source of certain of the input in-
formation set forth in the above Boolean equations is
described later herein.

Scanner answer bus selection gates 600 select the bus
“0” or “1” of Scanner Answer Bus System 660 from which
information is accepted by signal processor 200. This
selector is based upon the condition of flip-flop SCBA and
SCBB in flip-flop group 3SNTC and the condition of
flip-flop AU in flip-flop group 345C1 in the maintenance
area of signal processor 200. The following table defines
the selection of a bus “0” or “1” of Bus System 6600 in
terms of the conditioning of the aforenoted flip-flops.

Flip-Flep Condition Active 8P Standby 8P
SET=1, RESET=0 AU=1 AU=0
SCBA SCBB Receive Bus Receive Bus
(1] “o" Hor
0 1 “or 1
1 0 “yr o
1 1 i “pr

A signal on conductor SCAG of order cable 4209 gates
the information on bus “0” of Bus System 6600 through
AND gates 603 and 604 and OR gates 605 and 606 to
cables 607 and 513 within signal processor 200. A signal
on conductor SCA1 of order cable 4209 transmits infor-
mation on bus “1” of Bus System 6600 through AND
gates 601 and 602 and OR gates 605 and 606 to cables
607 and 513 within signal processor 200. The following
Boolean equations define the system conditions, in terms
of the presence or absence of signals on certain input
conductors to OCG circuit 420CG, under which control
signals are placed by OCG circuit 420CG on conductors
SCAO0 and SCA1 of order cable 4209.

SCA0=(344U)(3550B4)+(34AT)(3580BB)
SCA1=(34AU)(355CBA)+(344AT)(355CBB)
COMMUNICATIONS SOURCE AND DESTINATION REG-

ISTERS 9CCAR, 10CCDR, 12ASR, 13IR, 21BR, 22LR and

23YR

The following discussion is directed to the communica-
tions registers in signal processor 200 which serve either as
sources or destinations for information transmitted and
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received by signal processor 200. Certain of these registers
22LR, 23YR and 21BR are nominally included in the
data processing area of signal processor 200; however,
they also serve as communications registers during certain
operations of signal processor 200, Accordingly, in view
of this functional overlap, their function as communica-
tions registers is incorporated in this portion of the de-
scription.
Central control address register 9CCAR

Central control address register 9CCAR comprises
twenty-four individual flip-flop registers designated bit po-
sitions CCA17-CCA0, HM, GM, CM, R, W and AP.
These bit positions register the information incorporated
in each central control call store command received by
signal processor 200 from Central Control System 101
by way of Central Control Call Store Address Bus System
6401 and central control call store address bus selection
gates 300. A signal on conductor CCAR of order cable
4209 gates the command information from cable 321
through AND gates 901 and 902 to the respective flip-
flop registers of register 9CCAR.

CCAR=(CCRO156)(17C19-2C4)

A signal on conductor REAR of order cable 4209 causes
all flip-flop registers of register 9CCAR to be RESET
preparatory to the reception of another command from
Central Control System 101.

REAR=(CCRO0156)(14C16)

Various portions of the information stored in register
9CCAR are made available via cable 903 to the following
locations within signal processor 200:

(1) Central control request detection decoder 10CCD;
(2) Code, mode, address access circuit 11CMA; and
(3) Critical address matcher 12CAM.

Central control communications data register 10CCDR

Central control communications data register 10CCDR
serves as a buffer for data which is to be transmitted to
Signal Processor Call Store System 172 from Central Con-
trol System 101 or which is to be transmitted from Signal
Processor Call Store System 172 to Central Control Sys-
tem 101, All data communicated between signal processor
200 and Central Control System 101 passes through reg-
ister 10CCDR.

Register 16CCDR comprises twenty-four flip-flop reg-
isters designated bit positions CCD23-CCDO. Accordingly,
register 10CCDR can store twenty-three bits of data
(bit positions CCD22-CCD0) and a parity bit (bit posi-
tion CCD23). Data can be gated into register 10CCDR
from the following sources:

(1) A signal on conductor CCDR of order cable 4209
gates the information on cable 412 through AND gates
1006 and OR gates 1001 to register 10CCDR. Cable
412 connects register 10CCDR with bus selection gates
400 through which data transmitted from Central Con-
trol System 101 is accepted by signal processor 200
from Central Control Call Store Write Data Bus Sys-
tem 6402,

(2) A signal on conductor CSDR of order cable 4209
gates the information on cable 5§12 through AND gates
1007 and OR gate 1001 to register 10CCDR. Cable 512
connects register 10CCDR with bus selection gates 500
through which information transmitted by Signal Proc-
essor Call Store System 172 is accepted by signal proc-
essor 200 from Signal Processor Call Ctore Response
Bus System 6201.

(3) A signal on conductor UBDR of order cable 4209
gates the information on cable 3021 through single-to-
double-rail converting AND gates 1005 and OR pgates
1001 to register 10CCDR. Cable 3021 connects register
10CCDR with unmasked bus 30UB within the data
processing area of signal processor 200.



3,408,628

61
The content of register 10CCDR, which is indicated
at all times by the information present on bit positions
CCD23-CCDO of buffer bus 10BB, may be selectively
gated to the following destinations.

(1) Central Control System 101: A signal on either or
both of the conductors SOCC or S1CC of order cable
4209 permits the transmission of the information on
cable 1912 through bus selection gates 2100 to Central
Control System 101 via Central Contro] Call Store Re-
sponse Bus System 6501. Cable 1912 connects buffer
bus 10BB with bus selection gates 2100,

(2) Signal Processor Call Store System 172: The absence
of a signal from conductor MBDA of order cable 4209
is inverted by amplifier-inverter 2911 to provide a gat-
ing signal which enables AND gates 2908 and 2909,
The information on cable 1910 and conductor 1911 is

* then transmitted through OR gates 2912 and 2913 and

through bus selection gates 2960 to Signal Processor
Call Store System 172 via Signal Processor Call Store
Write Data Bus System 6203, :

(3) Masked bus 30MB: The presence of a signal on con-
ductor DRMB of order cable 4209 and the absence of
a signal from conductor CLGS8 of order cable 4209
gates the information on bit positions CCD22-CCD16
of buffer bus 10BB through AND gates 3014, OR gates
3016 and inhibiting gate 3017 to bit positions MB22-
MBI16 of masked bus 30MB. A signal on conductor
DRMB of order cable 4209 also gates the information
on bit positions CCD15-CCDO, as inverted by amplifier-
inverters 3013, through AND gates 3008, OR gates 3009
and amplifier-inverters 3010, thereby placing the infor-
mation on bit positions MB15-MBO of masked bus
30MB. The aforenoted gates are included in combina-
tion logic 30CBL through which register 10CCDR is
given aecess to masked bus 30MB. As described later
herein in association with the data processing area of
signal processor 200, all registers having inputs con-
nected to masked bus 30MB are available as destina-
tions for any information placed on masked bus 30MB.
These registers include 19QR, 20KR, 21BR, 21AR,
22JR, 221R, 23XR, 23YR, 24PR, 25FR and 27EMR.

(4) Various flip-flop control groups within the mainte-
nance area of signal processor 200: The conditioning
of each of these flip-flop groups is described later
herein.

(5) Imstruction register 13IR: A signal on conductor
CCIR of order cable 4209 gates the information on
cable 3325, ie., the information on bit positions
CCD22-CCDO of buffer bus 10BB, through AND gates
1302 and OR gates 1304 to the corresponding bit posi-
tions IR22-IR0 of register 13IR.

Address storage register 12ASR

Register 12ASR comprises fifteen individual flip-flop
registers designated bit positions AS14-ASO for storing
fifteen bits of binary information. Information can be
placed into register 12ASR as follows: (1) Responsive to
a signal on conductor ADAS the address information
SPA14-SPAO transmitted through code-mode access cir-
cuit 11CMA is gated via cable 1123 through AND gates
1202 to bit positions AS14-AS0 of register 12ASR.

The content of register 12ASR is available to other
circuits in signal processor 200 as follows:

(1) Responsive to a signal on conductor ASRUB the in-
formation in bit positions AS14-AS0 is gated through
AND gates 1221 to cable 1205 and thence to bit posi-
tions UB14-UBO0 of unmasked bus 30UB;

(2) Responsive to a signal on conductor ASCAR the
content of bit positions AS14-AS1 is gated via cable
1204 through AND gates 1211 to bit positions CA14—
CA1 of critical address register 12CAR; and

(3) responsive to a signal on conductor ASCM the con-
tent of bit positions AS14-AS0 is gated via cable 1203
through AND gates 1110 and OR gates 1106 of code-
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mode access circuit 11CMA to conductors SPA14—~
SPAO of cable 1124 and thence to Signal Processor
Call Store System 172 as previously described.

Whenever signal processor 200 transmits a call store
command to Signal Processor Call Store System 172, the
address included in the command is gated into register
12ASR from code-mode access circuit 11CMA unless
regis'er 12ASR is the source of the address. This occurs
in response to a signal or the aforenoted conductor ADAS
of order cable 4209. Register 12ASR therefore contains,
at all times, the last address transmitted by signal proces-
sor 200 to Signal Processor Call Store System 172. Ac-
cordingly, register 12ASR serves as an address source
when communications operations with Signal Processor
Call Store System 172 are repeated due to communications
errors. The content of register 12ASR is also utilized as an
address source when the execu'ion of a machine instruc-
tion calis for writing information into Signal Processor
Call Store System 172 at the same memory location from
which the machine instruction currently being executed
was obtained. ‘ ‘ ’

Instruction register 13IR

Instruction register 13IR comprises twenty-three indi-
vidual flip-flop registers designated bit positions IR22-
IR0. Register 13IR provides storage facilities for a twenty-
three bit instruction word which defines the machine
instruction to be executed by signal processor 200 and
optional actions required during the execution of that
machine instruction. Information can be placed into reg-
ister 13IR from the following source.

(1) Signal Processor Call Store System 172: A signal on
conductor CSIR of order cable 4209 gates the informa-
tion on cable 512 through AND gates 1303 and OR
gates 1304 to register 13IR. This information is a
twenty-three bit instruction word comprising bits
SPD22-SPDO received from the Signal Processor Call
Store System 172 via Signal Processor Call Store Re-
sponse Bus System 6201 and bus selection gates 500.
Bits SPD22-SPD0 are registered in the corresponding
bit positions IR22-1R0 of register 13IR.

(2) Central Control Communication Data Register
10CCDR: A signal on conductor CCIR of order cable
4209 gates the information on cable 3325 through
AND gates 1302 and OR gates 1304 to register 13IR.
This information includes bits CCD22-CCDO of the
information stored in register 10CCDR as reflected by
the information on buffer bus 10BB to which cable
3325 is connected. ,

The content of register 13IR is fed by way of cable
1305 to instruction decoder 13ID and option decoder
130D which decode the content of register 13IR and
provide D-C signal identifying particular sequences of
system actions to be performed by signal processor 200.
The content of bit positions IR17-IR16 of register 13IR
is also fed to limitcount comparator 14LCC via cable
1305.

The content of register 13IR can also be gated to the
following locations: ‘

(1) A signal on conductor GIS of order cable 4209 gates
the information in bit positions IR4—IR0 of register IR
via conductors of cable 1305 through AND gates 1403
and OR gates 1404 to bit selector 14BSL.

(2) A signal on conductor IRUB of order cable 4209
gates the content of bit positions TR22-IR0 of register
13IR through AND gates 1321 and via cable 1306
to bit positions UB22-UBO of unmasked bus 30UB.
This information may then be routed to a variety of
destinations within the data processing area of signal
processor 200 by way of combination logic 30CBL and
masked bus 30MB as described later herein.

Since information can be placed into register 13IR
both from Signal Processor Call Store System 172 and
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from Central Control System 101 via register 16CCDR,
signal processor 200 can receive instruction words from
either of these sources.
Data register 21BR

Data register 21BR serves both as a source of address
information to be transmitted to Signal Processor Call
Store System 172 and as a destination for data and in-
struction words received from Signal Processor Call Store
Systemn 172. A signal on conductor CSBR of order cable
4209 gates the information on cable 512, i.e. bits SPD23~
SPDO, through AND gates 2103 and OR gates 2104 to bit
positions BR23-BRO of register 21BR. This information is
a 24-bit word comprising bits SPD23-SPDO received
from Signal Processor Call Store System 172 via Signal
Processor Call Store Response Bus System 6201 and bus
selection gates 500.

The data processing operations of register 21BR and
its use as an address source are described later herein.

Scanner answer register 22LR

Register 22LR provides storage for information ob-
tained from sources such as network scanners 123, 127,
135, 139 and Master Scanner System 144. Although reg-
ister 22LR comprises twenty-three flip-flop registers pro-
viding storage for data words 23 bits in length (bit posi-
tions LR22-LR0), only sixteen bits of information (bits
SCA15-SCAQ) are transmitted from the scanners noted
above. A signal on conductor PULR of order cable 4209
gates the scamner answer information on cable 607
throungh AND gates 2212 and OR gates 2213 to register
22LR. This information is a 16-bit word comprising bits
SCA15-SCAO received from one of the various scanners
by way of Scanner Answer Bus Sytem 6600 and bus selec-
tion gates 600. The scanner answer information is stored
in bit positions LR15-LR0 of register 22LR.

The data processing functions and the other input
sources and output destinations of register 22LR are pre-
sented later herein.

Central pulse distributor verify register 23YR

Register 23YR provides storage in its bit positions
YR23-YRO for the twenty-four bits of verify informa-
tion (CPDV23-CPDV0) returned to signal processor 200
by way of CPD Verify Bus System 6704 from Central
Pulse Distributor System 143 during certain cooperative
operations of signal processor 200 with Central Pulse
Distributor System 143. A signal on conductor RBYR of
order cable 4209 gates the information on cable 709
through AND gates 2311 and OR gates 2313 to register
23YR. This information includes twenty-four bits of data
CPDV23-CPDVO0 received by signal processor 200 from
Central Pulse Distributor System 143 via CPD Verify Bus
System 6704 and bus selection gates 700.

The data processing functions of register 23YR are
described later herein.

Miscellaneous flip-flop registers

Certain other portions of signal processor 200 reccive
direct communications from sources external to signal
processor 200. Certain of the individual flip-flop registers
within flip-flop groups 33SC1 and 36SCC are directly
controlled by signals received from Central Pulse Distribu-
tor System 143 via the unipolar and bipolar cables 6703
and 6700. The CPD maintenance summary flip-flop group
26CPDM also register control signals received directly
from Central Pulse Distributor System 143 by way of
CPD maintenance response bus 6904 and CPD response
cable 6502. These communications are described more
fully below during the description of certain communi-
cation operations of signal processor 200.

CODE-MODE-ADDRESS-BUS ACCESS CIRCUIT 11CMA

The particular memory location within Signal Processor
Call Store System 172 from which an instruction word or
a data word is to be obtained by signal processor 200
or into which data is to be written can be derived from
one of a plurality of sources within signal processor 200

10

30

40

64

in accordance with the particular machine instruction or
central control call store command being executed. These
sources include address register 21AR, address storage
register 12ASR, data register 21BR, central control com-
munications address register 9CCAR and wired address
circuit 11WA. With the excepton of wired address 1IWA
which provides a permanent predetermined address indi-
cation, the address information is derived by data process-
ing operations within the data processing area of signal
processor 200. Information from the selected address
source is gated through the code-mode-address access cir-
cuit 11CMA to cable 1124, Cable 1124 is connected to
bus selection gates 1800 which selectively transmit the
information on cable 1124 to Signal Processor Call Store
System 172 via Signal Processor Call Store Address Bus
System 6202.

A signal on conductor WACM of order cable 4209
gates the permanently wired address information from
wired address circuit 11WA through AND gates 1107 and
OR gates 1166 to conductors SPA14-SPAQ of cable 1124.

A signal on conductor BRCM of order cable 4209
gates the information on cable 2109, which comprises the
information in bit positions BR14-BRO of register 21BR,
through AND gates 1108 and OR gates 1106 to conduc-
tors SPA14-SPAQ of cable 1124,

A signal on conductor ARCM of order cable 4209
gates the information on cable 2118, which comprises the
information in bit positions AR14-ARO of register 21AR,
through AND gates 1109 and OR gates 1106 to con-
ductors SPA14-SPAO of cable 1124.

A signal on conductor ASCM of order cable 4209
transmits the information on cable 1203, which comprises
the information in bit positions ASR14-ASRO of register
12ASR, through AND gates 1110 and OR gates 1106 to
conductors SPA14-SPAO of cable 1124. -

A signal on conductor CCAD of order cable 1024 trans-
mits the information on cable 903, which comprises the
information in bit positions CCA14-CCAO of register
9CCAR, through AND gates 1111 and OR gates 1106 to
conductors SPA14-SPAC of cable 1124.

In addition to information defining the address within
Signal Processor Call Store System 172 from which data
or instruction words are to be obtained or into which
data is to be placed, other information is required by
Signal Processor Call Store System 172 to respond prop-
erly to a command from signal processor 200. Such
information includes an indication of the type of opera-
tion (read or write) required of Signal Processor Call
Store System 172, the mode of operation in which Signal
Processor Call Store System 172 is to operate, and parity
information. When signal processor 200 is responding to
a command from Central Contro] System 101, this infor-
mation is obtained directly from register 9CCAR via cable
903. A signal on conductor CCAD of order cable 4209
transmits the content of bit positions AP, W, R, CM,
GM and HM through AND gates 1115, 1114, 1113 and
1112 and OR gates 1018, 1017 and 1016 to conductors
11AP, 11W, 11IR, 11CM, 11GM and 11HM of cable
1124. However, when signal processor 200 is functioning
independently, this information must be obtained locally
from within signal processor 200. The absence of a signal
from conductor CCAD of order cable 4209 results in the
placing of a signal on conductor CCAD by amplifier-
inverter 1119. The type of operation required by Signal
Processor Call Store System 172 is indicated by a signal
on either conductor SPAR or conductor SPAW of order
cable 4209. This information is transmitted through AND
gates 1121 and 1120 and OR gates 1017 and 1016 to
conductors 11R and 11W of cable 1124. Parity informa-
tion derived from the address parity generator 11APG
is transmitted through AND gate 1122 to conductor 11AP
of cable 1124 when a signal is present on conductor
CCAD. When no signal is present on conductor CCAD
of order cable 4209, AND gates 1112 transmit no infor-
mation, thereby insuring the absence of signals from
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conductors 11HM, 11GM and 11CM of cable 1124. As
described later herein, the absence of signals from con-
ductors 11HM, 11GM and 11CM indicates that Signal
Processor Call Store System 172 is to operate in a normal
mode of operation.

COMMUNICATIONS OPERATIONS OF SIGNAL
PROCESSOR 200

Operation with signal processor call store system 172

Signal processor 200 communicates with the Signal
Processor Call Store System 172 both in response to a
command from Central Control System 101 and during
its independent programmed execution of machine instruc-
tions for the following purposes:

(1) To obtain instruction words defining data process-
ing sequences to be executed by signal processor 200;

(2) To obtain data words for processing by signal proces-
sor 200 in accordance with the particular machine
instruction currently being executed;

(3) To obtain data for transmission to Central Control
System 101;

(4) To write data into Signal Processor Call Store System
172 which has been processed in accordance with the
particular machine instruction currently being executed
by signal processor 200; and

(5) To write data into Signal Processor Call Store System
172 which has been received from Central Control
System 101 by signal processor 200,

All of the reading and writing functions noted above
require that signal processor 200 generate an address
which defines the specific memory location within Signal
Processor Call Store System 172 from which a word is
to be read or into which a word is to be written. Signal
processor 200 includes four variable sources and one
fixed source from which address information is derived
which defines a memory location within Signal Processor
Call Store System 172. The variable address sources
include:

(1) Address register 21AR;

(2) Data Register 21BR;

(3) Address storage register 12ASR; and

(4) Central control communications address register
9CCAR.

Fhe fixed address source is a circuit designated wired
address circuit 11WA. Circuit 11WA is prewired to gen-
erate address information defining a predetermined fixed
memory location within Signal Processor Call Store Sys-
tem 172,

The selection of one of the address sources 21AR,
21BR, 12ASR or 11WA is determined either by data
processing performed during the execution of the next
preceding machine instruction when instruction words
defining machine instructions are to be obtained, or by
data processing performed during the execution of the
current machine instruction when information to be proc-
essed as data is to be obtained from or transmitted to
Signal Processor Call Store System 172. Generally speak-
ing, the selection of an address source is based upon
certain logical decisions arrived at through programmed
observations of selected system conditions during the exe-
cution of the current or the immediately preceding ma-
chine instruction.

The selection of register 9CCAR as the address source
is determined by the nature of a command received by
signal processor 200 from Central Control System 101.

Tndependent communication operations with signal
processor call store system 172

As noted above, signal processor 200 communicates
with Signal Processor Call Store System 172 to obtain
both instruction words and data words from Signal Proc-
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essor Call Store System 172 and to transmit data to
Signal Processor Call Store System 172. Each of these
functions requires that signal processor 200 generate and
transmit a signal processor call store command which
defines:

(1} The mode of operation in which Signal Processor
Call Store System 172 is to operate;

(2) The type of operation (read or write) required of
Signal Processor Call Store System 172;

(3) Parity information;

(4) The specific memory location upon which Signal
Processor Call Store System 172 will operate; and

(5) Synchronizing control signals.

This information is transmitted to Signal Processor Call
Store System 172 by way of Signal Processor Call Store
Address Bus System 6202,

As briefly described previously herein, Signal Processor
Call Store System 172 is substantially identical to Cen-
tral Control Call Store System 103, which is described
in the aforemoted Doblmaier et al. patent application,
except that Signal Processor Call Store System 172 in-
cludes fewer call stores than Central Control Call Store
System 103. Accordingy, the format of a signal processor
call store command is identical to the format of a central
control call store command, as described in the above-
mentioned Doblmaier et al. patent application, except that
fewer information bits are required to identify the par-
ticular block of memory within which a particular memory
location is located. The central contro! call store com-
mand described in the Doblmaier et al. patent application
included six code bits KS-KO, whose encoding specified
a particular block of memory within Central Control Call

_ Store System 103. However, only three code bits SPA14-

SPA12 are required in a signal processor call store com-
mand to specify a particular block of memory within
which a selected memory location is included. In addition,
two fixed code bits SPA16-SPA1S5 are utilized to main-
tain a proper parity across the entire call store command.

A signal processor call store command comprises the
following information:

(1) Twelve address bits SPA11-SPAO which specify a
particular memory location within any block of mem-
ory of Signal Processor Call Store System 172;

(2) Three variable code bits SPA14-SPA12 whose en-
coding specifies particular memory blocks within Signal
Processor Call Store System 172 and two additional
fixed code bits SPA16-SPA15;

(3) Three mode bits HM, GM and CM whose encoding
specifies the mode of operation in which signal Proc-
essor Call Store System 172 will respond to the
command;

(4) Two order bits R and W which respectively specify
a read operation or a write operation to be performed
by Signal Processor Call Store System 172;

(5) One address parity bit AP which defines the parity
computed across the address-code information SPA16~
SPAO included in the command;

(6) Two synchronizing signals S1 and $2 which control
gating operations within Signal Processor Call Store
System 172.

Signal Processor Call Store System 172 is always oper-

ated in the normal mode of operation during the execu-
tion of memory read and memory write commands which
relate to call processing, Non-normal modes of operation,
such as maintenance read and write commands are re-
served for certain operations of signal processor 200 re-
lating to system maintenance which are initiated by Cen-
tral Control System 101. The following table defines the
mode of operation in which Signal Processor Call Store
System 172 is to respond to a signal processor call store
command in terms of the presence or absence of signals
on conductor pairs HM, GM and CM of Signal Processor
Call Store Address Bus System 6202,
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Conductor Pair
Mode of Operation
HM GM CM-
[ 0 Q Normal.
(] 1 1 = H Maintenance.
1 0 1 G Maintenance.
1 1 [i} Control,

The various modes of operation set forth in the above
table are fully described in the aforenoted Doblmaier et
al, patent application and will not be further described
herein. As noted previously, the presence or absence of
signals on the HM, GM and CM conductor pairs of Bus
System 6202 is determined by the condition of conductors
11HM, 11GM and 11CM of cable 1124 as derived from
the content of register 9CCAR or from the absence of a
signal on conductor CCAD of order cable 4209.

The twelve address bits SPA11-SPAO, the five code
bits SPA16-SPA12, the three mode bits HM, GM, CM
and the address parity bit AP comprise a 21-bit segment
of the command in which odd parity is maintained.

The two synchronizing pulses S1 and S2 are required
since segments of the command are sent to Signal Proces-
sor Call Store System 172 during two separate time peri-
ods. The first synchronizing signal S1 accompanies the
address, code and mode bits and is employed as gating
signal by Signal Processor Call Store System 172 for
registering this information, The second synchronizing
signal S2 accompanies the address parity and read-write
information and serves a similar purpose as the first signal
S1 within Signal Processor Call Store System 172.

The code-mode-address access circuit 11CMA and cable
1124 provide a common highway between the possible
address sources 21AR, 21BR, 12ASR, 11WA and 9CCAR
and Signal Processor Call Store Address Bus System
6202. Information placed on cable 1124 is selectively gated
to either bus “0” or bus “1” of Bus System 6202 by bus
selection gates 1800, as previously described.

When information is read from a memory location
within Signal Processor Call Store System 172, the trans-
mission of a signal processor call store command to Signal
Processor Call Store System 172 over Bus System 6202
is followed by the return of the requested instruction word
or data word from Signal Processor Call Store System 172
to signal processor 200 over Signal Processor Call Store
Response Bus System 6201. Bus selection gates 500 selec-
tively accept information from either bus “0” or bus “1”
of Bus System 6201 as described previously herein. This
information includes:

(1) A 23-bit instruction or data word comprising bits

SPD22-SPDO;

(2) Parity information comprising bit SPD23;
(3) An all-seems-well signal CSASW; and
(4) A synchronizing signal CSSYNC.

When information is to be written into Signal Processor
Call Store System 172, the transmission of a call store
command to Signal Processor Call Store System 172 is
followed by the transmission of the twenty-three bit data
word comprising bits WD22-WDO0 to be written into Sig-
nal Processor Call Store System 172 over Signal Processor
Call Store Write Data Bus System 6203. Bus selection
gates 2900 selectively transmit this data word over either
or both of the duplicate buses “0” and “1” of Bus System
6203 as previously described.

Communications between signal processor 200 and Sig-
nal Processor Call Store System 172 are relalively fre-
quent. Initiation of such communications is required
before the completion of the execution of each machine
instruction to obtain the instruction word defining the
next machine instruction to be executed by signal pro-
cessor 200. Additionally, several such communications
may be called for during the execution of a single machine
instruction either to obtain data and instruction words for

10

15

20

25

30

40

50

=]
(314

60

65

70

68 :
processing or to write processed data into memory. Each
type of communication between sigmral processor 200 and
Signal Processor Call Store System 172 is mnemonically
designated as follows: .

CSRI-A=Read instruction word from memory location
defined by content of register 21AR

CSRI-B=Read instruction word from memory location
defined by content of register 21BR

CSRI-AS=Read instruction word from memory location

_ defined by content of register 12ASR

CSRI-WA =Read instruction word from memory location
defined by wired address 11WA

CSRD-A=Read data word from memory locatlon defined
by content of register 21AR

CSRD-B=Read data word from memory location deﬁned
by content of register 21BR

CSRD-AS=Read data word from memory location de-
fined by content of register 12ASR :

CSW-A=Write data word into memory Iocatlon defined
by content of register 21AR

CSW-B=Write data word into memory location defined
by content of register 21BR

CSW-AS=Write data word into memory locatlon defined
by content of register 12ASR

Each of the above mnemonic designations defines a par-
ticular sequence of actions taken by signal processor 200
in performing the specified type of communication with
Signal Processor Call Store System 172. Also, the afore-
noted mnemonic designations represent specific input
signals to OCG circuit 420CG which are transmitted from
order cable 4209 via cable 4510 to OCG circuit 420CG.

Three typical communications operations between signal
processor 260 and Signal Processor Call Store System 172
will now be described. A different address source is se-
lected in each of the three described operations to illustrate
utilization of the various address sources.

Read-Instruction Communications Operation CSRI-
A ~The mnemonic designation CSRI-A defines the se-
quence of actions taken by signal processor 200 and Sig-
nal Processor Call Store System 172 whereby the first
instruction word of a machine instruction is read from a
specific ‘memory location within Signal Processor Call
Store System 172 defined by the content of register 21AR.

As previously mentioned, the number of machine cycles
required for the execution of a machine instruction varies
in accordance with the particular machine instruction
being executed. Instruction decoder 13ID defines the
machine instruction being executed and thereby specifies
the sequence states through which a sequencer must ad-
vance to complete the execution of the machine instruc-
tion. Sequencer 4318, or sequencer 42NQS in the case of
the network machine instruction NTK, provides output
signals which indicate and control the progress of signal
processor 200 in executing a particular machine instruc-
tion. Included among the sequential actions required for
signal processor 200 to complete the execution of any
instruction is the generation of a signal processor call
store command for obtaining the instruction word defining
the next machine instruction to be executed from Signal
Processor Call Store System 172. Since signals from de-
coder 13ID define the machine instruction being executed
and signals from sequencer 43IS define the sequential pro-
gress in the execution of that machine instruction, these
signals are utilized by OCG circuit 420CG in determin-
ing where, in the sequence of actions of signal processor
200, it is necessary to request a new instruction word from
Signal Processor Call Store System 172. For descriptive
purposes and as a starting point, several assumptions are
now made concerning a machine instruction, herein desig-
nated machine instruction “X,” which is currently being
executed by signal processor 200:

(1) Machine instruction “X” is defined by an instruction
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word stored in Signal Processor Call Store System 172
at a memory location defined by address “a—1.”

(2) No malfunction was observed during the communi-
cation operation by means of which the instruction word
defining: machine instruction “X” was obtained by sig-
nal processor 200 from the Signal Processor Call Store
System 172. :

(3) Execution of machine instruction “X” requires that
instruction sequencer 431S advance from sequence state
0 through sequence state 3 for complete execution.

(4) Data processing performed during the executien of
machine instruction “X” by signal processor 200 indi-
cates that address register 21AR contains information
‘defining. the ‘memory location within Signal Processor
Call Store System 172 from which the instruction word
defining the next machine instruction to be-executed by
signal processor 200 will be obtained. This information

- is denoted address “a” and the instruction word located
at that memory location defines another machine in-
struction “Y.”

As previously described, sequencer 43IS changes se-
quence state under the control of signals generated by
OCG circuit 420CG during the time intervals 2T4 and
12T14 of each machine cycle. Accordingly, during the
time interval 2T4 of the machine cycle defining the end
of the penultimate sequence state 2 and the beginning of
the last sequence state 3 through which sequencer 43IS
will advance during the execution of machine instruction
“X,” sequencer 431S is advanced by a signal from OCG
circuit 420CG to sequence state 3. A signal is present on
output conductor 1523 of sequencer 43IS when sequencer
431S is either in sequence state 2 or in sequence state 3.
At the same time, instruction decoder 131D is placing a
signal on an execute instruction lead E“X” of cable 1311
(not shown in the drawing) which identifies the machine
instruction currently being executed by signal processor
200 as machine instruction *X.” Also at this time, option
decoder 130D is placing signals on its output conductors
included in cable 1312 specifying optional actions to be
taken by signal processor 200 which may or may not be
relevent to the selection of the address source for obtaining
the instruction word defining machine instruction “Y.”
Further, a signal is present on conductor 38CSE of OCG
cable 4600 which indicates that no malfunction was de-
tected during any immediately preceding communication
between signal processor 200 and Signal Processor Call
Store System 172, A signal on conductor 38CSE also
indicates that no malfunction was detected during com-

munication between the other signal processor in the sig-

nal processor community and Signal Processor Call Store
System 172, These D-C signals from decoder 131D and
130D, sequencer 43IS and signal Processor error sum-
mary flip-flop group 38SPE are combined by OCG circuit
420CG to generate a signal on conductor CSRI-A of
order cable 4209,

CSRI-A=(E"X") (1523} (Option Decoder Signals)

The above Boolean expression is merely illustrative of
input stgnals to OCG circuit 420CG which may give rise
to placement of a signal on conductor CSRI-A of order
cable 4209. The term (E“X”) represents any of the out-
put conductors of decoder 131D which are incorporated in
cable 1311.

It should be noted again at this time that, unless other-
wise noted, the Boolean expressions set forth herein to
define system conditions under which signals are placed
on the respective conductors of order cable 4209 are not
complete “equations” but merely represent a particular
one of a plurality of system condition combinations under
which a control or gating signal is placed on a particular
conductor of order cable 4209. ‘ :

The signal on conductor CSRI-A of order cable 4209
is combined with clock pulse signals from microsecond
clock 47CLK and the signal from flip-flop group ISSPE
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indicating no previous malfunction to generale a gating
control signal on conductor ARCM of order cablc 4209,

ARCM=(CSRI)(38CSE)(2T4-9T11)

The presence of a signal on conductor ARCM of order
cable 4209 gates the content of bit positions” AR14-ARO
of register 21AR via cable 2118 through AND gates 1109
and OR gates 1106 to conductors SPA14-SPAQ of cable
1124. As noted previously, conductors. SPA14-SPAG of
cable 1124 carry the code and address information which
identifies a memory location within Signal Processor Call
Store System 172. Accordingly, the content of register
21AR, which 'has been selected as the source of address
information for this communication operation CSRI-, is
made available to Signal Processor Call Store Address
Bus System 6202 by way of cable 1124 and bus selection
gates 1800 during the period starting at time interval
2T4 and ending at time interval 9T11, During time'inter-
val 9T11, the control signal is removed from conductor
ARCM of order cable 4209 thereby removing the afore-
noted information from cable 1124, ‘ o
During time interval 4T6, the same system conditions
defined in the above expression which caused a control
signal to be placed on conductor ARCM of order cable
4209 also cause a control signal to be placed by OCG
circuit 420CG on conducotr SPR of order cable 4209.
This signal is transmitted through OR gate 3205 and
causes flip-flop PR of flip-flop group 328C2 to be SET.

SPR=(CSRI-A)(38CKE) (4T6)

Program read flip-flop PR of flip-flop group 32SC2 is
placed in the SET condition whenever a communications
operation is required wherein the first instruction word
of a new machine instruction is to be obtained from Signal
Processor Call Store System 172. Flip-flop PR remains in
RESET condition when data words are to be obtained
from Signal Processor Call Store System 172 and when
data is to be written into Signal Processor Call Store
System 172. The following equations define the conditions
under which signals are placed on the output conductors
32PR and 32PR of flip-flop PR.

32PR={lip-flop PR in SET condition
32PR=flip-flop PR in RESET condition

The convention set forth in the above equations for con-
ductors 32PR and 32PR is adhered to throughout the
remainder of the description and throughout the drawing
for all conductors associated with the output terminals of
flip-flops.

Responsive to the input signal received via conductors
32PR of OCG cable 4600, OCG circuit 420CG places
a signal on conductor SPAR of order cable 4209,

SPAR=32PR

The signal on conductor SPAR defines the communica-
tions operation being executed as one wherein information
is to be read from a memory location in Signal Processor
Call Store Systern 172 whose address is defined by the
content of a register within signal processor 200.

As noted previously, when no signal is present on
conductor CCAD of order cable 4209, a signal is present
on conductor CCAD due to inverter-amplifier 1119, Ac-
cordingly, the signal on conductor SPAR of order cable
4209 is transmitted through AND gate 1120 and OR gate
1106 to conductor 11R of cable 1124. The presence of
a signal on conductor 11R of cable 1124 defines the com-
munications operation being performed as one requiring
that information be read from Signal Processor Call
Store System 172.

As noted previously, a normal mode of operation indi-
cation is transmitted to Signal Processor Call Store
System 172 by signal processor 200 during all communi-
cations operations other than maintenance and special
control operations. A normal mode indication is provided
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by the absence of signals from conductors 11HM, 11GM
and 11CM of cable 1124, Since no signal is present on
conductor CCAD of order cable 4209, AND gates 1112
are disabled and no signals are placed on conductors
11HM, 11GM and 11CM.

As mentioned above, the address-code information com-
prising the content of bit positions AR14-ARO of register
21AR was gated to address parity gemerator 11APG
when a control signal was placed on conductor ARCM
of order cable 4209, Parity generator 11APG computes
parity over the 15-bit address-code information and places
a signal on one of its output conductors 11SPAL or
11SPAP to provide even or odd parity across the address,
code, mode and parity bits. The information on con-
ductor 11SPAP is transmitted through AND gate 1122
when a signal is present on conductor CCAD and through
OR pgate 1118 to conductor 11AP of cable 1124, Ac-
cordingly, if a signal is present on conductor 11SPAP
indicating that the parity of the 15-bit address-code in-
formation is even, a signal is placed on conductor 11AP
of cable 1124. However, if no signal is present on con-
ductor 11SPAP, no signal is placed on conductor 11AP
of cable 1124. The presence or absence of a signal on
conductor 11AP of cable 1124 defines the parity infor-
mation to be transmitted as part of the signal processor
call store command to Signal Processor Call Store Sys-
tem 172.

Also during time interval 4T6, a control signal is placed
on conductor REAS of order cable 4209 by OCG circuit
420CG which causes all the individual flip-flop registers
AS14-AS0 of register 12ASR to be RESET.

REAS=(ARCM)(ASCH ) (4T6)

The term ASCM of the above Boolean expression indi-
cates that register 12ASR will not be RESET if it is cur-
rently being used as the source of address information
for a communication with Signal Processor Call Store
System 172. This condition is described later herein.

It is now assumed that the appropriate flip-flops CBA,
CBO, CBT, OL3 and MRC in flip-flop group 36CSC and
flip-flop AU in fiip-flop group 34SC1 are conditioned, as
previously described, so that signal processor call store
commands are transmitted via the “0” bus of Signal Pro-
cessor Call Store Address Bus System 6202. Under these
conditions and during time interval 4T6, a control signal
is placed by OCG circuit 420CG on conductor SOCSA
of order cable 4209.

S0CS A= (Bus Choice “0") (ARCM) (476)

A signal on conductor SOCSA gates the information on
conductors SPA16-SPAO, 11HM, 11GM, and 11CM of
cable 1124 through AND gates 1801, 1821 and 1802 and
through inverter-amplifiers 815 and pickoff transformers
1818 to corresponding conductor pairs of bus “0” of Bus
System 6202. The control signal on conductor SOCSA is
amplified by amplifier 1803 and transmitted as synchro-
nizing signal St through inverter-amplifiers 1815 and
pickoff transformers 1818 to a corresponding conductor
pair of bus “0” of Bus System 6202. Thus, the 17-bit
address-code information SPA16-SPAO, the 3-bit mode
information 11HM, 11GM, 11CM and a synchronizing
signal S1 are transmitted to Signal Processor Call Store
System 172 via Bus System 6202 as the first portion of
a signal processor call store command.

The second portion of the signal processor call store
command, which specifies the type of operation (read or
write) required of Signal Processor Call Store System 172
and the parity information, is transmitted to Signal Pro-
cessor Call Store System 172 during time interval 6T8.
During this interval, a gating signal is placed on conductor
SOCSRWP of order cable 4209 by OCG circuit 420CG.

SOCSRW P= (Bus Choice “0") (ARCM) (6T8)

A signal on conductor SOCSRWP gales the information
on conductors IR, 11W and 11AP of cable 1124 through
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AND gates 1804, 1805, 1806 and through inverter-
amplifiers 1815 and pickoff transformers 1818 to corre-
sponding conductor pairs of bus “0” of Signal Processor
Call Store Address Bus System 6202. The gating signal
on conductor SOCSRWP is amplified by amplifier 1807
and transmitted as synchronizing signal S2 through
amplifier-inverters 1815 and pickoff transformers 1818 to
a corresponding conductor pair of bus “0” of Bus System
6202.

In accordance with the communications operation
CSRI-A presently being described, the signal processor
call store command transmitted to Signal Processor Call
Store System 172 included the following information:

(1) Address-code information SPA14-SPAO defining a
particular memory location within Signal Processor
Call Store System 172;

(2) A normal mode indication as defined by the absence
of signals from conductors 11HM, 11GM and 11CM
of cable 1124,

(3) A synchronizing signal ST which accompanies the
information of items 1 and 2 above;

(4) A type of operation indication defined by a signal on
conductor 11R of cable 1124 indicating that informa-
tion is to be read from Signal Processor Call Store
System 172;

(5) A parity signal 11AP defining the result of a parity
computation by parity generator 11APG across the
address-code information of item 1 above; and

(6) A synchronizing signal S2 accompanying the infor-
mation of items 4 and 5 above.

During time interval 6T8, the 15-bit address-code in-
formation SPA14-SPAO is gated from the code-mode
access circuit 11CMA to bit positions AS14-AS0 of ad-
dress storage register 12ASR. A gating signal is placed
on conductor ADAS of order cable 4209 thereby gating
the information SPA14-SPAO on cable 1123 through
AND gates 1202 to bit positions AS14-ASO of register
12ASR.

ADAS=(ARCM)(ASCIH)(6T8)

Accordingly, register 12ASR always contains the last ad-
dress transmitted by signal processor 200 to Signal Pro-
cessor Call Store System 172. As noted in the above
Boolean expression, when register 12A8R is serving as an
address information source it already contains the address
information to be transmitted and therefore the above
gating operation is inhibited.

During time interval 6T8, data parity generator 11DPG
is prepared to provide an indication of total parity as com-
puted across the 15-bit address-code information and the
24-bit response information which will subsequently be
received from Signal Processor Call Store System 172. A
signal is placed by OCG circuit 420CG on conductor
TP1 of order cable 4209.

TPT={(6T8)

Also during time interval 6T8, address parity generator
11APG is caused to store the parity indication previously
computed over the 15-bit address-code information
SPA14-SPAO and places a signal on one of its output
conductors PKA ‘or PKA to indicate to data parity gener-
ator 11DPG the nature of the previously computed parity.
This is accomplished in response to a control signal placed
by OCG circuit 420CG on conductor EPKA of order
cable 4209.
EPKA—=(6T8)

During time interval 9T10, all bit positions BR23-BR0O
of register 21BR are RESET to prepare register 21BR to
register the 24-bit response SPD23-SPDO0 expected from
Signal Processor Call Store System 172. A signal is placed
on conductor REBR of order cable 4209 by OCG vcir-
cuit 420CG.
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REBR=(32PR)(8T10)(97T11)

The above expression illustrates the combination of two
clock pulses 8T10 and 9T11 by OCG circuit 420CG for
generating gating pulses which are active over a different
period of time. In the above example, the logical product
of clock pulses 8T10 and 9T11 produces an active gating
signal of 9T10.

Also during time interval 9T10, all bit positions
IR22-IR0 of register 23IR are RESET to prepare it to
register the expected instruction word from Signal Pro-
cessor Call Store System 172. A signal is placed on con-
ductor REIR of order cable 4209 by OCG circuit 420CG.

REIR=(32PR)(8T10)(9T11)

As described in the aforenoted Doblmaier et al. patent
application, in response to a call store command requir-
ing that information be read from a Call Store System,
the addressed call store transmits a 24-bit word, an all-
seems-well signal and a synchronizing signal, all appear-
ing as one-half microsecond pulses on a Call Store Re-
sponse Bus System. Accordingly, the response of Signal
Processor Call Store System 172 comprises twenty-four
information bits SPD23-SPD0Q, an all-seems well signal
CSASW and a synchronizing signal CSSYNC, all of
which appear in parallel as one-half microsecond pulses
on appropriate conductor pairs of Signal Processor Call
Store Response Bus System 6201.

It is assumed that flip-flops CBA, CB0, CBT, MRC and
OL3 in flip-flop group 36CSC and flip-flop AU in flip-flop
group 34SC1 are appropriately conditioned so that the
response from Signal Processor Call Store System 172
will be accepted from bus “0” of Signal Processor Call
Store Response Bus System 6201. The manner in which
the choice of buses is made was described earlier herein.
In accordance with the above assumption, a signal has
been placed by OCG circuit 420CG on conductor ROCS
of order cable 4209.

ROCS=(Bus Choice “0”)

The presence of a signal on conductor ROCS of order
cable 4209 prepares bus selection gates 500 to accept in-
formation from bus “0” of Bus System 6201 through AND
gates 504, 505 and 506, as previously described.

During the time interval 9T10, flip-flop SPSW of the
call store error summary flip-flop group 40CSE is RESET
by a signal placed on conductor RSPASW of order cable
4209 by OCG circuit 420CG.

RSPASW=(32PR)(8710)(9T11)

Flip-flop SPASW will be SET by the expected all-seems-
well signal CSASW included in the response from Signal
Processor Call Store System 172, However. if flip-flop
SPASW remains in its RESET state due to the absence of
an all-seems-well signal CSASW, an error indication is
given, causing corrective action to be taken by signal
processor 200,

During time interval 9T11, a gating “window” is opened
through which the response of Signal Processor Call Store
System 172 is received by signal processor 200 and stored
in registers 21BR and 13IR. This gating window remains
open until time interval 21T1 of the next sequence state
of sequencer 43IS. A signal is placed on conductor CSBR
of order cable 4209 by OCG circuit 420CG.

CSBR=(32PR)(ST11-21T1)

A signal on conductor CSBR, in conjunction with the
presence of a signal on conductor 5SCSSYNC, gates the
call store response information comprising bits SPD23~
SPDO from cable 512 through AND gates 2103 and OR
gates 2104 to bit positions BR23-BRO of register 21BR.
The signal on conductor SCSSYNC is the synchronizing
signal CSSYNC received via bus “0” of Bust System 6201
and bus selection gates 500 from Signal Processor Call
Store System 172.

At the same time, 9T11, a signal is placed on conduc-
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tor CSIR of order cable 4209 by OCG circuit 420CG.
This signal, in conjunction with the synchronizing signal
on conductor SCSSYNC, gates the response comprising
bits SPD22-SPDO0 from cable 512 through AND gates
1303 and OR gates 1304 to bit positions IR22-IR0 of reg-
ister 13IR.

CSIR=(32PR)(9T11-21T1)

It may be noted at this time that when the response from
Signal Processor Call Store System 172 is the first in-
struction word of a new machine instruction, it is placed
in both registers 21BR and 13IR. However, when such a
response is data or a subsequent instruction word of the
same machine instruction, it is stored only in register
21BR and not in register 13IR. It may be further noted
that the parity information comprising bit SPD23 in-
cluded in the response is stored only in register 21BR and
not in register 131IR.

During the same period of time 9T11, a further gating
window is opened through which the all-seems-well sig-
nal CSASW may be registered by flip-fiop SPASW in flip-
flop group 40CSE. During time interval 9T11 a signal is
placed on conductor SPASWW of order cable 4209 by
OCG circuit 420CG. This signal is removed during time
interval 21T1.

SPASWW=(32PR)(9T11-21T1)

While a signal is present on conductor SPASWW of order
cable 4209, the all-seems-well signal CSASW on conduc-
tor SCSASW of cable 513 is gated through AND gate
4001 to the SET terminal of flip-flop SPASW in flip-fiop
group 40CSE. Thus, if a signal is present on conductor
SCSASW during this time period, flip-flop SPASW will
be SET.

As previously described, the gating signal previously
placed on conductor ARCM of order cable 4209 is re-
moved by OCG circuit 420CG during time interval 9T11.
Accordingly, during this time interval the 15-bit address-
code information SPA14-SPACQ is removed from cable
1124,

Also during the time interval 9T11, call store error
indicator flip-flops CSEI and CSEE in signal processor
error summary flip-flop group 38SPE are RESET. OCG
circuit 420CG places a signal on conductor RCSE of
order 4209 which is connected via OR gates 3815 and
3816 to the respective RESET terminals of flip-flops CSEE
and CSEL

RCSE=(8T11)

The significance of the conditioning of call store error
internal flip-flop CSEI and call store error external flip-
flop CSEE is described later herein.

Register 21AR and its associated data processing cir-
cuitry is described in detail later herein during the descrip-
tion of the data processing area of signal processor 200,
However, at this time, it must be noted that the binary
value of the content of bit positions AR14-ARO of reg-
ister 21AR can be increased by one in response to control
signals on conductors ARICT and ARPC of order cable
4209. It was previously assumed that bit positions AR14—
ARDO of register 21AR contained information defining an
address “q” from which the instruction word defining
machine instruction “Y" was to be obtained. Accordingly,
if the value of the content of bit positions AR14-ARO is
increased by one, it will then identify an address “a4-1”
which defines the next sequential memory location in Sig-
nal Processor Call Store System 172. During time interval
11T13, signals are placed by OCG circuit 420CG on
conductors AR1CT and ARPC of order cable 4209 caus-
ing the content of register 21AR to be incremented from
address “a” to address “a+1.”

ARPC=(32PR)
ARICT=(32PR) (RC30)(11713)

The term RC30 in the above expression indicates that the
call store read write and recall sequencer 44RCS is either
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in its last sequence state 3 or its first sequence state 0.
This condition of sequencer 44RCS indicates that signal
processor 200 is not presently repeating a previously un-
successful communication operation with Signal Processor
Call Store System 172.

During time interval 9T11, all flip-flops IFF1, IFF2,
IFF3 and IFF4 of instruction sequencer 43IS are RESET,
thereby placing sequencer 431S in sequence state 0. OCG
circuit 420CG places a control signal on conductor RISQ
of sequence control cable 4201 which is connected via
OR gates 4304, 4304, 4305, and 4306 respectively to the
RESET terminals of flip-flops IFF4, IFF3, IFF2, and
IFF1.

RISQ=(32PR)(9T11)

At some time between the time intervals 9T11 and
21T1, the response from Signal Processor Call Store
System 172 is received via Signal Processor Call Store
Response Bus System 6201 and bus selection gates 500
and registered, as previously described, in register 21BR,
register 13IR and flip-fiop SPASW. Data parity generator
11DPG is utilized to check the parity of the response
information bits SPD23-SPDO0 received from Signal
Processor Call Store System 172 and the address-code
information SPA14-SPAO which was transmitted to de-
fine the memory location from which information was
to be obtained. A signal on one of the output conductors
PKA and PKA of address parity generator 11APG indi-
cates the parity of the 15-bit ‘address-code information
SPA14-SPA0O. The content of bit positions BR23-BRO
of register 2IBR is the other input to data parity gen-
erator 11DPG. The parity of the response information rep-
resented by bits BR23-BR0O when combined with the
address-code information represented by bits SPA14-
SPAO should be odd.

During time interval 18T3, OCG circuit 420CG places
a signal on conductor DPR of order cable 4209. This
signal gates the response information in bit positions
BR23-BRO via cable 2109 through AND gates 1131 to
data parity generator 11DPG.

DPR=(18T3)

Parity generator 11DPG computes the combined total
parity of the 24-bit response (BR23-BRO) from Signal
Processor Call Store System 172 and the 15-bit address
code (AR14-AR0) transmitted to obtain that response.
In the event of a failure of parity, i.e., if even parity is
computed, parity generator 11DPG places a signal on its
output conductor 11TP.

During time interval 21T1, OCG circuit 420CG places
a signal on conductor ESCSEE which causes AND gates
5103 and 5105 to be enabled.

ESCSEE=(21T1)

If, at this time, a parity failure is indicated by the pres-
ence of a signal on conductor 11TP or if flip-flop SPASW
has not yet been SET by an all-seems-well signal CSASW
as indicated by the presence of a signal on conductor
40SPASW, an error indication signal is placed on con-
ductor SCSEE through OR gate 5104 and amplifier $106.

SCSEE=(ESCSEE) [(40SPASW)+(11TP)]

Conductor SCSEE is coupled through pickoff transformer
5149 and a corresponding conductor pair of cable 5153
to the other signal processor in the signal processor com-
munity containing signal processor 200. Momentarily as-
suming that signal processor 200 represents the other
signal processor and that cable 5152 represents the other
end of cable 5153, the signal on conductor SCSEE is
transmitted through pickoff transformers 5148 and ampli-
fiers 5112 to conductor 51SCSEE of cable 5102. This
conductor 51SCSEE is connected via cables 5102, 4000
and 3703 to the SET terminal of flip-flop CSEE in flip-
flop group 38SPE. Accordingly, a signal received on con-
ductor SCSEE from the other signal processor within a
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signal processor community causes flip-flop CSEE to be
SET, thereby indicating that an error was observed during
a communications operation by the other signal processor
of the community with Signal Processor Call Store Sys-
tem 172.

Returning now to signal processor 200, during the time
interval 21T1, OCG circuit 420CG places a signal on one
of the conductors SPFF or RPFF of order:cable 4209
causing flip-flop WPF in flip-flop ‘group 40CSE to be SET
or RESET respectively,

SPFF=(11TP)(21T1) -
RPFF=(TITP)(21T1)

As indicated in the above expresswns, parity failure flip-
fiop-WPF either is:SET if total panty is odd or is RESET
if total parity is even, -

Also during the time interval 21T1, if fhp-ﬂop SPASW
in flip-flop group 40CSE remains in a RESET condition,
indicating that ne all-seems-well signal CSASW was re-
ceived from Signal Processor Call Store System, or if
even parity is indicated by the presence of a signal on
conductor 11TP, OCG circuit 420CG places a signal on
conductor SCSEI of order ¢able 4209,

SCSEI=[(11TP)+4 (08PASW)1(2171)

A signal on conductor SCSEI of order cable 4209 causes
call store error internal flip-fop CSEI in flip-flop group
38CSE to be SET. In its SET condition, flip-flop CSEI
places a signal on its output conductor 38CSEl which
indicates that an internal error has been detected during
a communication with Signal Processor Call Store Sys-
tem 172.

The conditions of flip-flops CSEI and CSEE, as indi-
cated by the presence or absence of signals on their re-
specnve output condugctors 3BCSEE and 38CSEI, are
combined by AND gaté 3801 and OR gate 3803 to pro-
vide a direct current signal indicating whether or not an
error has been detected during a communication with
Signal Processor Call Store System 172 by either signal
processor of a signal processor community. If either of the
flip-flops CSEI or CSEE is in its SET condition, AND
gate 3801 is disabled and no signal will be placed on con-
ductor 38CSE of OCG cable 4600. However, due to am-
plifier inverter 3804, a signal will be placed on conductor
38CSE of OCG cable 4600. The presence or absence of
signals from conductors 38CSE and 38CSE of OCG cable
4600 are utilized by OCG circuit 420CG for inhibiting
the generation of certain control and gating signals as
ividgnced by the Boolean expressions presented later

erein.

SCSE—=(38CSET) (35C5EE) + (3805ET) (34DI1V)

The term 34DIV in the above expression is active when
the two signal processors of a community are functioning
in a disjunctive mode of operation. In this mode of opera-
tion, the condition of flip-flop CSEE is not considered in
determining whether or not an error has occurred during
a communication with Signal Processor Call Store System
172. This mode of operation is discussed later herein
during the description of the maintenance area of sngna]
processor 200,

It is first assumed that no error has been detected dur-
ing this communication operation CSRI-A with Signal
Processor Call Store System 1727and therefore that a
signal is present on conductor 3R8CSE of OCG cable 4600.
Under these conditions and during the next time interval
2T4, instruction sequencer 4315 is advanced from se-
quence state 0 to sequence state 1 so that execution of the
machine instruction “Y” defined by the instruction word
just accepted by signal processor 200 may commence.
At the same time, flip-flop PR in flip-flop group 32SC2 is
RESET. OCG circuit 420CG places a signal on conductor
SIFF1 of sequence control cable 4201 which is connected
to the SET terminal of flip-flop IFF1 of sequencer 43IS.
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This signal causes flip-flop IFF1 to be SET thereby placing
sequencer 43IS in sequence state 1,

SIFF1=(1501){(ENTEK) (38C8E) (2T4)

The ENTK term of the above expression indicates that no
signal has been placed by decoder 13ID on its output con-
ductor ENTK, This term is included to insure that the in-
struction word just accepted by signal processor 200 does
not define a network machine instruction NTK which
would require the use of network queue sequencer 42NQS
rather than instruction sequencer 43IS.

OCG circuit 420CG also places a signal on conductor
RPRW of order cable 4209 which is connected through
OR gate 3204 to the RESET terminal of flip-flop PR of
flip-flop group 32SC2. This signal causes flip-flop PR to be
RESET.

RPRW=(38CRE)(2T4)

It will now be assumed that an error has been observed
during the preceding communication operation CSRI-A
with Signal Processor Call Store System 172. Accordingly,
no signal is present on conductor 38CSH of OCG cable
4600 and a signal is present on conductor 38CSE of OCG
cable 4600. Under this condition, as indicated in the two
preceding Boolean expressions, instruction sequencer 431S
is not advanced and flip-flop PR is not RESET.

If a communications operation error is indicated by a
signal on conductor 38CSE of OCG cable 4600, the com-
munications operation CSRI-A will be repeated utilizing
the content of bit positions AS14—-AS0 of address storage
register 12ASR as the source of address information, As
noted above, the content of register 12ASR always defines
the last address transmitted to Signal Processor Call Store
System 172. Accordingly, the information in bit positions
AS14-ASO of register 12ASR defines address “a” from
which the instruction word defining machine instruction
“Y” was to be obtained.

OCG circuit 420CG places a control signal on con-
ductor SRCFF1 of sequence control cable 4201 which is
connected to the SET terminal of flip-flop RCFF1 in call
store read write and recall sequencer 44RCS.

SRCFF1=(RCO01) (38CSE)(2T4)

This signal causes flip-flop RCFF1 to be SET, thereby
placing sequencer 44RCS in sequence state 1.

At the same time, OCG circuit 420CG places a control
signal on conductor ASCM of order cable 4209 which
continues until time interval 9T11.

ASCM=(38CSE)(2T4-9T11)

This signal gates the content of bit position AS14-AS0
of register 12ASR via cable 1203 through AND gates 1110
and OR gates 1106 to conductors SPA14-SPAO of cable
1124 and to address parity generator 11APG, Parity is
again computed by parity generator 11APG and an in-
dication provided by a signal on one of its output con-
ductors 11SPAP or 1T1SPAP. Since flip-flop PR in flip-flop
group 32SC2 is still in a SET condition, a signal is still
present on conductor SPAR of order cable 4209 as pre-
viously described. As previously described, the absence
of a signal from conductor CCAD of order cable 4209
results in the presence of a signal on conductor CCAD
which gates the information on conductors 11SPAP and
SPAR through AND gates 1122 and 1120 respectively
and OR gates 1116 and 1118 to conductors 11R and 11AP
of cable 1124. As a result, the information on the con-
ductors of cable 1124 is identical to that previously placed
thereon during the above-described first attempt at a com-
munication CSRI-A with Signal Processor Call Store
System 172.

Bus selection gates 1800 are now controlled by signals
from OCG circuit 420CG to transmit the signal processor
call store command information on cable 1124 to Signal
Processor Call Store System 172 via Signal Processor Call
Store Address Bus System 6202, During time interval 4T6
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OCG circuit 420CG places a signal on one of the con-
ductors SOCSA or SICSA in accordance with the bus
choice input signals previously described. As before, it is
assumed that bus “0” of Bus System 6202 is sclected and
that a gating signal is placed on conductor SOCSA of order
cable 4209,

S0CSA=(Bus Choice “0”) (ASCM)(4T6)

This signal causes the address-code information SPA16~
SPAO and the mode of operation information 11GM,
11HM, 11CM to be transmitted to Signal Processor Call
Store System 172.

During time interval 6T8, OCG circuit 420CG places
a signal on one of the conductors SOCSRWP or SICSRWP
of order cable 4209 in accordance with the aforenoted
bus choice input signals from flip-flop group 36CSC.
Again assuming that bus “0” is selected, a signal is placed
on conductor SOCSRWP of order cable 4209.

SOCSRWP=(Bus Choice “0") (ASCM) (6T8)

This signal causes the type of operation information 11R
and 11W and parity information 11AP to be transmitted
to Signal Processor Call Store System 172 as previously
described.

As described later herein in association with the main-
tenance area of signal processor 200, call store error sum-
mary flip-flop group 39CSE includes a five cell binary
counter 3901 which is incremented each time an error is
detected during a communications operation with Signal
Processor Call Store System 172. During time interval
6TRB of sequence state 1 of sequencer 44RCS, this five cell
binary counter 3901 is incremented by one. A signal is
placed by OCG circuit 420CG on conductor ICSEC of
order cable 4209 which serves as one input to AND
gate 3903,

ICSEC=(RC12)(6T8)

The other input to AND gate 3903 is conductor 38CSEI.
When flip-flop CSEI in flip-flop group 38SPE is in a SET
condition, indicating that an error has occurred during
a communication between signal processor 200 and Sig-
nal Processor Call Store System 172, a signal is present
on its output conductor 38CSEI which is extended via
cables 3703 and 4000 to AND gate 3903. Accordingly,
AND gate 3903 is enabled and a signal is passed through
OR gate 3904 to conductor 39INCSE. A signal on con-
ductor 39INCSE causes the five cell binary counter 3901
to be incremented by one.

INCSE=(ICSEC) (38CSEI)

During time interval 6T8, OCG circuit 420CG again
places a signal on conductor TPI of order cable 4209
which prepares data parity generator 11DPG to provide
a signal indicating total parity, as described above.

TPI=(6T8)

At the same time a signal is placed on conductor EPKA
of order cable 4209 causing address parity generator
11APG to store the parity indication which it computed
over the 15-bit address-code information SPA14-SPAO
and to provide a D-C signal on either of its output con-
ductors PKA or PKA in accordance with the stored parity
information.
EPKA=(6T8)

During the interval 9T10, OCG circuit 420CG again
places signals on conductors REBR, REIR and RSPASW
of order cable 4209 which respectively cause register
21BR to be RESET, register 13IR to be RESET and flip-
flop SPASW of flip-flop group 40CSE to be RESET.

REBR=(32PR)(8T10)(9711)
REIR=(32PR)(8T10)(9T11)
RSPASW=(32PR)(8T10)(9T11)

These signals prepare register 21BR, register 13IR and
flip-flop SPASW to register the response from Signal Proc-
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essor Call Store System 172 when received, as previ-
ously described.

During time interval 9T11, flip-flops CSEE and CSEI
in flip-flop group 38SPE are RESET by a signal placed
on conductor RCSE of order cable 4209 by OCG circuit
420CG.

RCSE=(9T11)

As a result, the error indicating signal is removed from
conductor 38CSE of OCG cable 4600 and a signal is
again placed on conductor 38CSE of OCG cable 4600.
Also during time interval 9T11, the gating windows
are opened through which the response information from
Signal Processor Call Store System 172 is transmitted to
registers 21BR and 13IR and flipflop SPASW. OCG
circuit 420CG places gating signals on conductors CSBR,
CSIR and SPASWW of order cable 4209. These signals
are continuously applied until the time interval 21TI.

CSBR=(32PR)(9T11-21T1)
CSIR=(32PR)(9T11-21T1)
SPASWW=(32PR)(9T11-21T1)

At some time during the time period commencing with
the interval 9T11 and ending with the interval 21T1 the
response from Signal Processor Call Store System 172 is
received and stored as previously described above.

Sequencer 43IS is again RESET to its sequence state 0
to insure that it is not interfering with the recall com-
munications operation being performed. A signal is placed
on conductor RISQ of sequence control cable 4201 which
causes all of flip-flops IFF1, IFF2, IFF3 and IFF4 to be
reset thereby placing sequencer 431S in sequence state 0.

RISQ=(32PR)(5T11)

During time interval 12T14, sequencer 44RCS is ad-
vanced from sequence state 1 to sequence state 2. OCG
circuit 420CG places a signal on conductor SRCFF2 of
sequence control cable 4201 which is connected to the SET
terminal of flip-flop RCFF2.

SRCFF2=(RC12)(12T14)

This signal causes flip-flop RCFF2 to be SET thereby
placing sequencer 44RCS in sequence state 2.

Tt should be noted at this time that the content of
register 21AR is not incremented during the recall com-
munication operation as it was during the first attempt at
the communications operation CSRI-A. As noted above,
sequencer 44RCS must be either in sequence state 3 or in
sequence state O in order that OCG circuit 420CG place
a-signal on conductor ARICT of order cable 4209. Since
sequencer 44RCS is in neither of these sequence states
the content of register 21AR is not incremented at this
time.

During the time interval 18T3, conductor DPR of
order cable 4209 is again energized by OCG circuit
420CG causing the 24-bit response SPD23-SPDO from
the Signal Processor Call Store System 172 which is now
stored in bit positions BR23-BRO of register 21BR to be
gated to data parity generator 11DPG.

DPR=(18T3)

Data parity generator 11DPG again computes the com-
bined total parity over the information received from
Signal Processor Call Store System 172 (bits BR23-BRO)
and the 15-bit address-code information (bits SPA14—
SPAO) transmitted to Signal Processor Call Store System
172 to obtain that response. A parity failure is indicated
from parity generator 11DPG by a signal on its output
conductor 11TP.

As previously described, a communications error re-
sults either from a parity failure indication on conductor
11TP or from the absence of an all-seems-well signal
CSASW from the response of Signal Processor Call Store
System 172, as indicated by a signal on conductor 38CSE
of OCG cable 4609, It is first assumed that, as a result
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of the recall communications operation, no communica-
tions error has been detected and therefore a signal is
present on conductor 38CSE of OCG cable 4600, Under
these conditions and during the next time interval 2T4,
sequencer 44RCS is advanced from sequence stite 2 to
sequence state 3 and sequencer 43IS is advanced from
sequence state 0 to sequence state 1. OCG circuit 420CG
places a signal on conductor RRCFF1 of sequence control
cable 4201 which causes flip-flop RCFF1 to be RESET
thereby placing sequencer 44RCS in sequence state 3.

RRCFF1=(RC23)(38CFE) (2T4)

OCG circuit 420CG also places a signal on conductor
SIFF1 of sequence control cable 4201 causing flip-flop
IFF1 to be SET and sequencer 43IS to assume seguence
state 1. . ‘ '

SIFF1==(1501)(38CRE)(ENTE)(2T4)

Also during time interval 2T4 and in the absence of
a communications error indication, OCG circuit 420CG
places a signal on conductor RPRW of order cable 4209
causing flip-flop PR in flip-flop group 32SC2 to be RESET.

RPRW=(380SE)(2T4)

Subsequently, during the execution of the new machine
instruction “Y"" defined by the instruction word obtained
from Signal Processor Call Store System 172, sequencer
44RCS is advanced from sequence state 3 to sequence
state 0. This occurs during the next time interval 12T14
which corresponds to the time interval at which sequencer
4318 is advanced from sequence state 1 to sequence state
2. A signal is placed on conductor RRCFF2 of sequence
control cable 4201 which causes flip-flop RCFF2 to be
RESET thereby placing sequencer 44RCS in sequence
state 0. - ‘
RRCFF2=(RC30)(12T14)

It will now be assumed that a communications error
was again detected as a result of the recall communica-
tions operation. This error is indicated by the presence
of a signal on conductor 38CSE of OCG cable 4600,
as previously described. This condition results from either
or both of the flip-flops CSEE and CSEI in flip-flop group
40CSE being SET, as described above.

SCSEE=[(3208PASW)+ (11TP)1(ESCSEE)
SCSEl=[(308PASW) +(11TP)1(21T1)

Flip-flop WPF is also conditioned, as previously described,
in accordance with the total parity indication provided
on conductor 11TP.

SPFF=(11TP)(21T1)

RPFF=(11TP)(21T1)

The presence of a communications error during a re-
call communications operation resuits in signal processor
200 being stopped by start-stop control 4858 and an
interrupt signal being transmitted to Central Control Sys-
tem 101 by interrupt control 49IC. During the time in-
terval 0C2 of sequence state 2 of sequencer 44RCS,
OCG circuit 420CG places a signal on conductor SPS2
of order cable 4209 which is connected as an input to
AND gates 4806 and 4807 of start-stop control 488S. -

SPS2=(RC23)(0C2)

It should be noted from the above expression that this
signal is generated even when signal processor 200 is
stopped, since a pulse from the still active C clock pulse
group is utilized rather than a pulse from the inhibited
T clock pulse group. It is assumed that a signal is also
present on conductor 34DIV which is connected to an
input of AND gate 4806 for reasons discussed later herein.
The other inputs of AND gates 4806 and 4807 are con-
nected respectively to conductors 38CSEE and 38CSEIL
Conductor 38CSEE is connected via cables 3620, 4000
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and 3703 to an output terminal of flip-flop CSEE 'in
flip-flop group 38SPE. Conductor 38CSEI is similarly
connected to an output terminal of flip-flop CSEI in flip-
flop group 38SPE. A signal is present on conductor
38CSEE when flip-flop CSEE is in a set condition. Simis
larly, a signal is present on conductor 38CSEI when
flip-flop CSFI is in a SET condition. The presence of a
signal on either of the conductors 38CSEE or 38CSEI
will cause a signal to be placed on conductor 48SPSF
through OR gate 4813. The signal on conductor 48SPSF
is transmitted through OR gate 4814 to conductor 48SPS
which is connected to the T pulse group generator 4703
of microsecond clock 47CLK. The presence of a signal on
conductor 48SPS inhibits pulse generator 4703 from de-
riving T clock pulse signals from counter circuit 4701,
thereby inhibiting the T pulse group and stopping s:gnal
processor 200.

The signal on conductor 48SPSF .is also transmltted
through OR gate 4815 to conductor 48SSPS which is
connected via cables 3620 and 4000 to the SET terminal
of flip-flop SPS in flip-flop group 34SC1, Accordingly, a
signal on conductor 48SSPS causes flip-flop SPS to be
SET.

A more complete description of start -stop control 48SS
is included later herein during the discussion of the
maintenance area of mgnal processor 200.

Conductor 38CSEI is also connected via cables 3703
4000 and 3720 as an input to OR gate 4906, Accordmgly,
a signal on conductor 38CSEI is transmitted through OR
gate 4906 to AND gate 4907. The other input conduc-
tors, 34SPS and 34AU, to AND gate 4907 are presently
energlzed due to the SET condition of flip-flops SPS and
AU in flipflop group 34SC1. Fllp—ﬂop SPS was SET
as described above and flip-flop AU is SET since signal
processor 200 is the active signal processor. Accordmgly,
if a signal is present on conductor 38CSEIl, it is trans-
mitted through OR gate 4906, AND gate 4907 and OR
gate 4910 to conductor 4913.

Conductor 38CSEE is .also connected as an input to
AND gate 4904. The other input conductor 31DIV. to
AND gate 4904 was previously assumed to be active.
Accordingly, if a signal is present on conductor 38CSEE
it is transmitted through AND gate 4904, OR gate 4905,
OR gate 4906, AND gate 4907 and OR gate 4910 to
conductor 4913,

Conductor 4913 is connected as an input to AND-gate
5003. The other input conductor to AND _gate 5003,
namely conductor EICG of order cable 4209, is energized
by the OCG circuit 420CG at time 6C8.

EICG=(6C8)

Accordingly, during the time interval 6C8, if a signal is
present on conductor 4913 it is transmitted through AND
gate 5003 to conductor 50SSPT. A signal on conductor
50SSPT is transmitted through inverter amplifiers 5005
and pickoff transformers 5048 to a corresponding con-
ductor pair in interrupt cable 5000. Interrupt cable 5000
is connected directly to Central Control System 101 as
described later herein. Signals transmitted via interrupt
cable 5000 to Central Control System 101 cause Central
Control System 101 to enter certain diagnostic and main-
tenance programs by means of which detected trouble
conditions are analyzed and corrected. A more complete
description of interrupt control 49IC is included later
herein in association with the maintenance area of signal
processor 200. Following the transmission of an inter-
rupt signal to Central Control System 101, signal proc-
essor 200 remains in a stopped condition until permitted
to re-enter its independent operation by Central Control
System 101. The mechanics of this operation are also
described 1ater herein.

Read-Data Communications Operation CSRD-B.—The
following description of a communications operation
CSRD-B wherein signal processor 200 obtains a data or
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instruction word from a memory location - havmg an ad-
dress defined by the content of register 21BR is equally
applicable to communication operations CSRD-A and
CSRD-AS wherein signal processor 200 obtains data from
memory locations defined by thé content of other address
sources such as registers 21AR and 12ASR; with the excep-‘
tion of certain obvious gating signals. '

It is assumed that signal processor 200 is currently ex-
ecuting a'machine instruction “X" which requires that data
be obtained from the memory location in Signal Processor
Call Store System:172 defined by the content of register
21BR. Although the specific point in the ‘Sequential actions
taken by signal processor 200 diring the executioh of a
machine instruction at which data is obtained from Sighal
Processor Call Store System 172 will vary in accordance
with the particular machine instruction being executed, ‘it
is assumed that. machine instruction *“X” requires that
data be -obtained during the time period starting with
sequence - state 3 of instruction sequencer 43IS. ‘Aecord-
ingly, the placement of an output signal by instruction
decoder: 131D on its output conductor E“X" {not shown
in the drawing) defining machine instruction “X” as the
machine -instruction presently being executed by signal
processor 200 and the placement of a signal by sequencer
43IS-on its output conductor IS23 indicating that sequencer
4318 is either in sequence state 2 or in sequence state 3
causes OCG circuit 420CG to place a control signal on
conductor CSRD-B of order cable 4209.

CSRD-B=(E“X")(I523)

Conductor CSRD-B of order cable 4209 is connected
through cable 4510 as an input to OCG circuit 420CG.
The presence of a signal on conductor CSRD-B of order
cable 4209 indicates that a communication operation
CSRD-B is to be performed by signal processor 200.

Tt is also assumed that a signal is present on conductor
380SE of OCG cable 4600 indicating that no communica-
tion error was detected during an immediately preceding
communications operation of signal processor 200 with
Signal Processor Call Store System 172. During the time
interval 2T4, while sequencer 43IS is being advanced from
sequence state 2 to sequence state 3 as previously described,
OCG circuit 420CG places a gating signal on conductor
BRCM of order cable 4209. This signal remains on con-
ductor BRCM until the next time interval 9T11.

BRCM=(CSRD-B)(3808E)(2T4-9T11)

The presence of a signal on conductor BRCM gates the
content of bit positions BR14-BRO of register 21BR wia
cable 2109 through AND gates 1108 and OR gates 1106
to conductors SPA14-SPAQ of cable 1124 and to address
parity generator 11APG.

During time interval 4T6 of sequence state 3 of
sequencer 4318, a signal is placed by OCG circuit 420CG
on conductor SDRFF of sequence control cable 4201
which is connected to the SET terminal of flip-flop DRFF
in sequencer 44RCS.

SDRFF=(CSRD-B)(38CRE) (4{6T)

The signal on conductor SDRFF causes flip-flop DRFF to
be SET

It may be noted at this time that during a communica-
tions operation CSRD-— wherein a data or instruction
word is obtained from Signal Processor Call Store System
172, flip-flop DRFF is SET, whereas during 2 communica-
tions operation CSRI~ wherein the first instruction word
of a machine instruction is obtained from Signal Processor
Call Store System 172, flip-flop PR in flip-flop group 325C2
is SET. Accordingly, the respective conditions of flip-flops
DRFF and PR define the type of information to be ob-
tained from Signal Processor Call Store System 172 dur-
ing a communications operatlon therewnth by signal proc:
essor 200.

In its SET condmon, flip-flop DRFF of sequencer
44RCS places a signal on its output conductor DR. In re-
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sponse:to this ‘signal, OCG circuit 420CG places a signal
on conductqr SPAR of order cable 4209. : -

“ SPAR=(DR) ~

This signal defines the communications operation CSRD-
being performed as one wherein'information is to be read
from a memory location defined by the content of register
21AR, 21BR or 12ASR. I .

. As noted previously herein, when no signal is present
on conductor. CCAD of .order cable 4209, a signal is
placed on conductor COAD which gates the information
on conductors-SPAR and SPAW of order cable 4209
through AND gates 1120 and 1121 and OR gates 1115:
and. 1117 fo-conductors 11R and 11W of cable :1124.
Since, as described abbve, a signal is present on conductor
SPAR of order cable 4209, a signal is placed through the
aforenoted gates on conductor 1R of cabl¢ 1124: How-
ever; since no signal is present on ‘conductor SPAW of.
cable 4209, there is no signal placed on conductor 11W of
cable - 1124. ST ‘ o

- Address parity generatdr 11APG computes parity across
the- 15-bit "address-code information SPA14-SPAO ob-
tained, as described above, from bit positions BR14-BR0O
of register 24BR. Parity generator 11APG places a signal
on oné of its output conductors 11SPAP or 11SPAP to
indicate odd or even parity as computed across the address-
code:information. The presence or absence of a signal
from conductor 11SPAP 'is reflected through AND gate
1122 and OR gate 1118 on conductor 11AP of cable 1124,

Also at this time, a decision is made as to the require-
ment of a critical match operation. This operation is not
described at this time but is discussed later herein in asso-
ciation with the maintenance area of signal processor 200,

During the same time interval 4T6 of sequence state 3

of sequencer 431S, OCG circuit 420CG places a signal on' +

conductor REAS of order cable 4209.

REAS==(CSRD-B)(A50MN)(476)

The presénce of a signal on conductor REAS causes all the
bit positions AS14-AS0 of register 12ASR to be RESET
so that register 12ASR is prepared to register the address-
code information SPA14-SPAO afier its transmission to
Signal Processor Call Store System 172.

It is assumed that flip-flop AU in flip-flop group 34SC1
and the appropriate flip-flops in flip-flop group 36CSC
are conditioned so that bus “0” of Signal Processor Call
Store Address Bus System 6202 will be selected for the
transmission of signal processor call store commands to
Signal Processor Call Store System 172. The basis for this
selection was described earlier herein.
© During time interval 4T6 of sequence state 3 of se-
quencer 431S, OCG circuit 420CG places a gating signal
on condtictor SOCSA of order cable 4209.

SOCSA=(Bus Choice “0”)(BRCM)(4T6)

This signal gates the address-code and mode information
on conductors SPA16-SPAO, 11HM, 11GM and 11CM
through AND gates 1801, 1802 and 1821 and through
amplifiers 1815 and pickoff transformers 1818 to corre-
sponding conductor pairs of the selected bus “0” of Bus
System 6202. The signal-on conductor SOCSA is ampli-
fied by amplifier 1803 and transmitted through amplifiers
1815 and pickoff transformers 1818 as a synchronizing
signal S1 to a corresponding conductor pair of bus “0” of
Bus System 6202.

During time interval 6T8 of sequence state- 3 of se-
quencer 43IS, the OCG circuit 420CG places a signal
on conductor ADAS of order cable 4209.

ADAS=(CSRD-B)(A50H)(6T8)

This signal gates the address-code information SPA14-
SPAO via cable 1123 through AND gates 1202 to bit posi-
tions AS14-ASQ of register 12ASR. As a result, register
12ASR contains the last address-code transmitted by sig-
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nf;] processor 200 to Signal Processor Call Store System
172,

Also during time interval 6T8, OCG circuit 420CG
places a signal on conductor SOCSRWP of order cable
4209.

SOCSRWP=(Bus Choice “0") {(BRCM)(6T8)

This signal gates the information on conductors 11AP,
11W and 11R of cable 1124 through AND gates 1804,
1805 and 1806, through amplifiers 1815 and pickoff trans-
formers 1818 to corresponding conductor pairs of the
seleéted bus “0” of Bus System 6202. The signal on con-
ductor SOCSRWP is ‘amplified by amplifier 1867 and
transmitted as'a synchronizing signal 2 through amplifier
1815 and pickoff transformer 1818 to a conductor pair
of bus “0” of Bus System 6202, At this time, the trans-
mission of a signal processor call store command to
Signal Processor Call Store System 172 by signal proces-
sor 200 has beerr completed.

During the same time interval 6T8, OCG circuit
420CG places a signal on conductor TPI of order cable
420CG which prepares data parity generator 11DPG to
compute parity across the 15-bit address-code information
SPA14-SPAO and the 24-bit response SPD23-SPDO
which will be received from Signal Processor Call Store
System 172. :

TPI=(6T8)

A signal is placed on conductor EPKA of order cable
4209 during the same time interval 6T8, which causes
address parity generator 11APG to store the address
parity computed over the 15-bit address-code informa-
tion SPA14-SPAO and to provide a D-C output on one
of its output conductors PKA or PKA in accordance with
the stored parity.
EPKA=(6T8)

During time interval 9T10, all bit positions BR23-BRO
of register 21BR are RESET so that register 21BR is
prepared to register the 24-bit response SPD23-SPDO
when it is received from Signal Processor Call Store Sys-
tem 172. OCG circuit 420CG places a signal on conduc-
tor REBR of order cable 4209 which causes register 21BR
to be RESET.

REBR=(DR)(8T10)(97T11)

It should be noted at this time that register 13IR is not
RESET at this time since the information to be obtained
from Signal Processor Call Store System 172 by this com-
munication operation CSRD-B is not to be treated as an
instruction word defining a new machine instruction but
merely as data. As previously noted, the distinction be-
tween instruction word and data word treatment is based
upon the condition of flip-flop DRFF in sequencer 44RCS
and the condition of flip-flop PR in flip-flop group 32SC2.

During the same time interval 9T10, flip-flop SPASW
in flip-flop group 40CSE is RESET by a signal placed on
conductor RSPASW of order cable 4209 by OCG circuit
420CG.

RSPASW=(DR)(8T10)(9T11)

Flipflop SPASW is RESET so that it is prepared to
register the all-seems-well signal CSASW expected with
the response from Signal Processor Call Store System 172.

During time interval 9T11, gating windows are opened
whereby the 24-bit response comprising bits SPD23-5PD0
and the all-seems-well signal CSASW are registered re-
spectively in register 21BR and flip-flop SPASW. Since
the expected response is not to be treated as an instruc-
tion word, no gating window is open for registering the
response in instruction register 13IR. These gating win-
dows remain open until time interval 21T1. OCG circuit
420CG places a signal on conductor CSBR which, in
conjunction ‘with a synchronizing signal on conductor
S5CSSYNC, gates the 24-bit response comprising bits

_SPD23-SPD0 from cable 512 through AND gates 2103
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and OR gates 2104 to bit positions BR23-BR0 of register
21BR.
CSBR=(DR)(9T11-21T1)

OCG circuit 420CG also places a signal on conductor
SPASWW which gates the information on conductor
SCSASW through AND gate 4001 to flip-flop SPASW
of flip-flop group 40CSE.

SPASWW=(DR)(9T11-21T1)

The presence of a signal on conductor SCSASW causes
flip-flop SPASW to be SET. In the absence of a signal
from conductor 5CSASW flipflop SPASW remains
RESET.

Also during time interval 9T11, flip-flops CSEE and
CSEI in flip-flop group 38SPE are RESET by a signal
placed on conductor RCSE of order cable 4209 by OCG
circuit 420CG.

RCSE=(9T11)

As previously described, this action prepares flip-flops
CSEE and CSEI to indicate any communications error
detected during this communications operation CSRD-B
with Signal Processor Call Store System 172.

During time interval 12T14, instruction szquencer 43IS
is advanced to the next sequence state. Since it has been
assumed that the communications operation CSRD-B
presently being described commenced during sequence
state 3, sequencer 43IS is advanced to sequence state 4
during time interval 12T14. OCG circuit 420CG places
a control signal on conductor SIFF3 of sequence control
cable 4201 which causes flip-flop IFF3 of sequencer 43IS
to be SET thereby placing sequencer 43IS in sequence
state 4.

SIFF3=(32PR) (1534)(12T14)

As previously noted, it is assumed that the appropriate
flip-flops in flip-flop groups 36CSC and 34SC1 are con-
ditioned in such a manner that information will be ac-
cepted by signal processor 200 from bus “0” of Signal
Processor Call Store Response Bus System 6201 through
bus selection gates 500. Accordingly, a signal is present
on conductor ROCS of order cable 4209.

ROCS=(Bus Choice “0”)

The signal on conductor ROCS gates the call store re-
sponse comprising information bits SPD23-SPDO, all-
seems-well signal CSASW, and synchronizing signal
CSSYNC from the conductor pairs of bus “0” of Bus
System 6201, through pickoff transformers 520 and ampli-
fiers 510, through AND gates 504, 505 and 506 and OR
gates 507, 508 and 509 to cable 512, conductor 5CSASW
and conductor SCSSYNC. This response from Signal
Processor Call Store System 172 is received by signal
processor 200 at some time during the time period defined
by the above-described gating windows (9T11-21T1) and
is registered, as previously described, in register 21BR
and by flip-flop SPASW in flip-flop group 40CSE.

During time interval 18T3, following the time period
during which the response from Signal Processor Call
Store System 172 should have been received and regis-
tered, OCG circuit 420CG places a gating signal on
conductor DPR of order cable 4209. This signal gates
the response information registered in bit positions BR23~
BRO of register 21BR through cable 2109 and AND
gates 1131 to data parity generator 11DPG,

DPR=(1873)

As noted above, the presence of a signal on one of the
conductors PKA and PKA identifies the adderss-code
parity as computed by address parity generator 11APG.
Data parity generator 11DPG utilizes the information
provided by conductors PKA and PKA in association
with the information obtained from register 21BR to
compute the combined total parity of the 24-bit response
information (SPD23-SPD0) and the 15-bit address-code
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information (BR14-BR0) which was transmitted to. ob-
tain that response information. In the event that even
parity is computed, parity generator 11DPG places a
signal on its output conductor 11TP to indicate a parity
failure.

For purposes of this description it will first be assumed
that the communication operation CSRD-B is success-
fully completed without the detection of a communica-
tions error. ‘This is indicated by the absence of a signal
from conductor 11TP and by the RESET condition of
flip-flops CSEE and CSEI in flip-flop group 38SPE. In
the absence of a parity failure indication on conductor
11TP, OCG circuit 420CG places a control signal on
conductor RPFF of order cable 4209 which causes flip-
flop WPF in flip-flop group 40CSE to be RESET.

RPFF=(T1TP)(217T1)

When both flip-flops CSEE and CSEl in flip-flop group
38SPE are in the RESET condition or when signal proces-
sor 200 is operating in the disjunctive mode of operation
and flip-flop CSEI is in the RESET condition, a signal
is placed on conductor 38CSE of OCG cable 4600 by
means of the logic circuit comprising AND gate 3801
and 3802 and OR gate 3803.

88CKF = (38CSET) (38CSEE) + (38CSET) (34DIV)

In the absence of a communications error, instruction
sequencer 43IS is advanced to the next succeeding se-
quence state during time interval 2T4. Therefore, in
accordance with the above assumptions regarding the
sequence states of sequencer 43IS, sequencer 43IS is
advanced from sequence state 4 to sequence state 5. A
signal is placed by OCG circuit 420CG on conductor
SIFF1 of sequence control cable 4201 which causes flip-
flop IFF1 to be SET.

SIFF1=(I545) (38CRE)(2T4) (ST549) (S5T543)

During the same time interval 2T4, OCG circuit 420CG
also places a control signal on conductor RPRW of se-
quence control cable 4201 which causes flip-flop DRFF
in sequencer 44RCS to be RESET. -

RPRW =(380RE) (2T4)

It may be noted that conductor RPRW is also included
in order cable 4209 and that a signal thereon also causes
flip-flop PR in flip-flop group 32SC2 to be RESET. This
operation was described previously during the descrip-
tion of the read-instruction communication operation
CSRI-A. Thus a signal on conductor RPRW of sequence
control cable 4201 and order cable 4209 signifies the
successful completion fo a read-communication opera-
tion with Signal Processor Call Store System 172. Signal
processor 200 now continues in performing the sequential
actions required for completing the execution of the
machine instruction “X” defined by the content of regis-
ter 131IR.

It will now be assumed that the first attempt at per-
forming a read-data communication operation CSRD-B
was unsuccessful in that a communications error is de-
tected. This is indicated either by the presence of a signal
on conductor 11TP, by the SET condition of flip-flop
CSEE or by the SET condition of flip-flop CSEI in flip-
flop group 38SPE. During time interval 21T1, flip-flop

5 CSEI in flip-flop group 38SPE is SET by a signal on

conductor SCSEI of order cable 4209 if a signal is pres-
ent on either of the conductors 11TP or 20SPASW of
OCG cable 4600.

SCSEI=[(11TP)+ (40RPASW)1(21T1)

The presence of a signal on conductor Z0SPASW of OCG
cable 4600 indicates, as previously described, that no
all-seems-well signal CSASW accompanied the response
information from Signal Processor Call Store System
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172. The presence of a signal on conductor 11TP indi-
cates, as previously described, a parity failure.

During the same time interval 21T1, an error indica-
tion is cross coupled via conductor SCSEE of cable 5153
to the other signal processor in the signal processor com-
munity including signal processor 200. This signal causes
flip-flop CSEE in the other signal processor to be SET.
Also, as previously described, if a communications error
was detected in the other signal processor, signal proces-
sor 200 receives a signal on conductor S1SCSEE of cable
5152 from the other sigial processor which causes flip-flop
CSEE in flip-flop group 38SPE in signal processor 200
to be SET. Co ‘

A second parity failure indication is provided by a
signal on conductor SPFF of order cable 4209 from OCG
circuit 420CG which causes flip-flop WPF to be SET.

SPFF=(11TP)(21T1) .

The detection of a communications error i$ indicated
to OCG circuit 420CG by means of a signal on conduc-
tor 38CSE of OCG cable 4600. This signal is placed on
conductor 38CSE, as previously described, in the absence
of a signal from conductor 38CSE by inverter-amplifier
3804. The absence of a signal from conductor 38CSE of
OCG cable 4600 precludes the advancing of sequencer
431S and inhibits the generation of a control signal for
RESETTING flipflop DRFF. Instead, OCG circuit
420CG places a control signal on conductor SRCFF1 of
sequence control cable 4201 which causes flip-flop RCFF1
of sequencer 44RCS to be SET.

SRCFF1=(RCO1) (38CSE) (2T4)

This action places sequencer 44RCS in sequence state 1.

Also during time interval 2T4, OCG circuit 420CG
places a gating signal on conductor ASCM of order cable
4209. This signal remains on conductor ASCM until the
time interval 9T11.

ASCM=(38CSE)(2T4-9T11)

As previously described, the address information SPA14-
SPAOQ previously transmitted to Signal Processor Call
Store System 172 to obtain data therefrom also was gated
to bit positions AS14-AS0 of register 12ASR during the
first attempt at the read-data communication operation
CSRD-B now being described. The signal on conductor
ASCM of order cable 4209 gates this address informa-
tion from bit positions AS14-AS0 of register 12ASR via
cable 1203 through AND gates 1116 and OR gates 1106
to conductors SPA14-SPAQ of cable 1124 and to address
parity generator 11APG.

The address parity, as computed by address parity
generator 11APG, is placed on conductor 11AP of cable
1124 as previously described. A signal is placed on con-
ductor 11R of cable 1124 as previously described.

During time interval 4T6, the OCG circuit 420CG
places a gating signal on conductor SOCSA of order cable
4209 which initiates the transmission of the address-
code information SPA16-SPAO through bus selection
gates 1800 to the Signal Processor Call Store System 172
as previously described.

S0CSA=(Bus Choice “0") (ASCM)(4T6) .

During time interval 6T8, the OCG circuit 420CG places
a gating signal on conductor SOCSRWP which initiates
the transmission of the read, write and address parity
information R, W and AP through bus selection gates
1800 to the Signal Processor Call Store System 172 as
previously described.

SOCSRWP=(Bus Choice “0") (4SCM) (6T8)

During the same time interval 6T8, a signal is placed
on conductor ICSEC1 of order cable 4209 which, in com-
bination with the presence of a signal on conductor
38CSEI], causes the five cell binary counter 3901 to be
incremented as described hereinabove.
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Signal processor 200 now repeats the various actions
of a data-read communications operation CSRD-B. A 'sig-
nal is placed on conductor TPI to prepare data parity
generator 11DPG to perform its parity computation. and
error indication functions described above.: : -

TPI=(6T8) ‘

A signal is placed on conductor EPKA causing address
parity generator 11APG to store the result of its address
parity computation and reflect this result by a signal on
one of its output conductors PKA or PKA. ’

EPKA=(6T8) .

Register' 21BR and flip-flop SPASW of flip-flop group
40CSE are RESET by signals on conductors REBR and
RSPASW of order cable 4209 to prepare them for the
registration of the response from Signal Procesor Call
Store System 172. )

REBR=(DR)(8T10)(9T11)
RSPASW=(DR)(8T10)(9T11)

Gating windows are opened by signals on conductors
CSBR and SPASWW through which the. expected re-
sponse information SPD23-SPDO0 and accompanying all-
seems-well signal CSASW are gated into register 21BR
and flip-flop SPASW respectively. v :

CSBR==(DR)(97T11-21T1)
SPASWW=(DR)(9T11-21T1)

Flip-flops CSEE and CSEI in flip-flop group 38SPE are

RESET by a signal on conductor RCSE of order cable

4209. ‘
RCSE=(9T11)

During time interval 12T14, sequencer 44RCS is ad-
vanced from sequence state 1 to sequence state 2. OCG
circuit places a signal on conductor SRCFF2 of sequence
control cable 4209 which causes flip-flop RCFF2 of
sequencer 44RCS to be SET. -

SRCFF2=(RC12)(12T14)

Following the time period during which the response
information and all-seems-well signal should have been
received from Signal Processor Call Store System 172,
QOCG circuit 420CG again places a signal on conductor
DPR of order cable 4209.

DPR—(18T3)

This signal gates the content of bit positions BR23-BRQ
of register 21BR via cable 2109 through AND gates 1131
to data parity generator 11DPG. Data parity generator
11DPG utilizes the address parity information received
via conductors PKA and PKA from address parity gen-
erator 11APG and the response information received
from register 21BR to compute total parity and provide
a parity failure signal on conductor 11TP if even parity
is computed across the above information.

It is now assumed that the recall read-data communi-
cations operation was successfully completed without
detection of a communications error. As previously de-
scribed, the successful communications operation is indi-
cated by the presence of a signal on conductor 38CSE
of OCG cable 4600. If such a signal is present, sequencer
431S is advanced to the next successive sequence state,
flip-flop DRFF is RESET and sequencer 44RCS is ad-
vanced from sequence state 2 to sequence state 3 during
time interval 2T4. OCG places a signal on conductor
SIFF1 of sequence control cable 4201 'which causes
flip-flop SFF1 of sequencer 43IS to be SET, thereby ad-
vancing sequencer 43IS from sequence state 4 to sequence
state 5. : :

SIFF1=(1S45)(38CSE)(2T4) (§1849) (87»5'43)
OCG circuit 420CG also places a signal on conductor
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RRCFF1 of sequence control cable 4201 which causes
flip-flop RCFF1 of sequencer 44RCS to be RESET there-
by advancing sequencer 44RCS from sequence state 2 to
sequence state 3.

RRCFF1=(RC23)(38CSE)(2T4)

A signal is also placed on conductor RPRW of sequence
control cable 4201 by OCG circuit which causes flip-flop
DRFF of sequencer 44RCS to be RESET.

During the next time interval 12T14, sequencer 44RCS
is returned from sequence state 3 to sequence state 0.
OCG circuit 420CG places a signal on conductor RRCF2
of sequence control cable 4201 which causes- flip-flop
RCFF2 to be RESET.

RRCFF2=(RC30)(12T14)

If an error were detected during the recall communi-
cations operation described above, no signal would have
been present on conductor 38CSE of OCG cable 4600.
Accordingly, in the presence of such an error, the above-
described actions would not have been taken by signal
processor 200. Instead, signal processor 200 would have
been stopped by start-stop control 48SS and an interrupt
signal would have been transmitted to Central Control

System 101 by interrupt control circuit 49IC. These ac- ¢

tions were previously described in connection with the
read-instruction communication operation CSRI-A and
a description thereof will not be repeated at this time.

Write-Data Communications Operation CSW—-B.—The
following description of an operation CSW-B whereby
information is written into Signal Processor Call Store
System 172 at a memory location defined by the content of
register 21BR is equally applicable to similar operations
CSW-A, CSW-AS wherein the memory location is de-
fined by the content of other address information sources
within signal processor 200, except for certain obvious
gating actions.

For purposes of this description, it will again be as-
sumed that signal processor 200 is currently executing a
machine instruction “X” defined by the content of register
13IR and that instruction decoder 131D is placing a signal
on a conductor E“X” of cable 1311 (not shown in the
drawing) which identifies the machine instruction current-
ly being executed as machine instruction “X” to OCG
circuit 420CG. It is further assumed that during the execu-
tion of machine instruction “X” the result of certain data
processing operations is to be transmitted to Signal Proces-
sor Call Store System 172 and stored therein at the mem-
ory location defined by the content of register 21BR.

Data can be transmitted through bus selection gates
2900 and via Signal Processor Call Store Write Data Bus
System 6203 from two sources within signal processor 200.
The first source, register 10CCDR, is used as a buffer for
data transmited between Central Control System 101 and
Signal Processor Call Store System 172. The second source
is masked bus 30MB of the data processing area of
signal processor 200. As noted above and further described
later herein, information may be placed on masked bus
30MB from a plurality of sources within signal processor
200. However, for purposes of this description, it will
merely be assumed that appropriate information has been
placed on bit positions MB22-MBO of masked bus 30MB
at the proper time, in accordance with machine instruction
“X,” for transmission to Signal Processor Call Store Sys-
tem 172. This description relates only to the use of masked
bus 30MB as a data source. The actions taken by signal
processor 200 when register 10CCDR serves as the data
source are described later herein.

It is assumed that performance of the write-data com-
munications operation CSW-B is commenced at the begin-
ning of sequence state 3 of sequencer 43IS during the exe-
cution of machine instruction “X.” OCG circuit 420CG
places a signal on conductor CSW-B of order cable 4209
as soon as sequencer 43IS enters sequence state 2. This
signal remains until sequencer 43IS is advanced through
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sequence state 3 to sequence state 4 during the next time
interval 12T14.

CSW-B=(E“X”)(1523)

Conductor CSW-B of order cable 4209 is connected
through cable 4510 as an input to OCG circuit 420CG.

During time interval 2T4, as sequencer 43IS is being
advanced from sequernce state 2 to sequence state 3, OCG
circuit 420CG places a signal on conductors RPRW of
order cable 4209 and sequence control cable 4201.

RPRW=(380FE)(2T4)

Conductor RPRW of sequence control cable 4201 is con-
nected to the RESET terminals of flip-flops SPWFF and
DRFF in sequencer 44RCS. Accordingly, these flip-flops
are RESET by the aforenoted signal on conductor RPRW.
Conductor RPRW of order cable 4209 is connected to the
RESET terminal of flip-flop PR through OR gate 3204.
Accordingly, the aforenoted signal on conductor RPRW
insures that flip-flop PR of flip-flop group 32SC2 is now
RESET.

Also during time interval 2T4, OCG circuit 420CG
places a gating signal on conductor BRCM of order cable
4209. This signal remains on conductor BRCM until the
time interval 9T11.

BRCM=(CSW-B) (38C8E)(2T4-9T11)

The presence of a signal on conductor BRCM of order
cable 4209 gates the content of bit positions BR14-BR0O
of register 21BR via cable 2169 through AND gates 1108
and OR gates 1106 to conductors SPA14-SPAOQ of cable
1124 and to address parity generator 11APG.

During time interval 4T6, OCG circuit 420CG places
a control signal on conductor SSPWFF of sequence con-
trol cable 4201 which causes flip-flop SPWFF in sequencer
44RCS to be SET.

SSPWFF=(CSW-B) (38CRE) (4T6)

In its SET condition, flip-flop SPWFF places a signal on
its output conductor SPW which indicates that the com-
munications operation CSW-B being performed is one
wherein information will be written into Signal Processor
Call Store System 172.

In response to the signal on conductor SPW, OCG
circuit 420CG places a signal on conductor SPAW of
order cable 4209,

SPAW = (SPW)

As previously described, address parity generator
1APG computes parity across the 15-bit address-code
information SPA14-SPAO and provides a parity indica-
tion on one of its output conductors 11SPAP or TISPAP.
As described hereinabove, the absence of a signal from
conductor CCAD of order cable 4209 results in the
presence of a signal on conductors CCAD due to amplifier-
inverter 1119. When a signal is on conductor CCAD, the
information on conductors SPAR and SPAW of order
cable 4209 is transmitted through AND gates 1120 and
1121 and OR gates 1116 and 1117 to conductors 11R and
11W of cable 1124. Similarly, the information on con-
ductor 11SPAP is transmitted through AND gate 1122
and OR gate 1118 to conductor 11AP of cable 1124.
Since conductor CCAD of order cable 4209 is inactive
at this time, no signals are present on conductors 11HM,
11GM and 11CM of cable 1124. Accordingly all infor-
mation required for a signal processor call store command
is present on cable 1124, namely, address-code information
SPA14-SPAO, mode information 11HM, 11GM and
11CM, type of operation information 11R and 11W and
address parity information 11AP.

Also during time interval 4T6, OCG circuit 420CG
places a signal on conductor REAS of order cable 4209
which causes all bit positions AS14-AS0 of register 12ASR
to be RESET,
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REAS=(CSW-B) (ARCH) (4T6)

This prepares register 12ASR to store the address-code
information SPA14-SPAO after it is transmitted to Signal
Processor Call Store System.172.

It is again assumed that the appropriate flip-flops in
flip-flop groups 36CSC and 34SC1 are conditioned so that
bus “0” of Signal Processor Call Store Address Bus Sys-
tem 6202 is selected for transmitting signal processor call
store commands to Signal Processor Call Store System
172. During the same time interval 4T6, the OCG places
a gating signal on conductor SOCSA of order cable 4209.

 §0CSA=(Bus Choice “0")(BRCM)(476)

As described earlier herein, a signal on conductor SOCSA
gates the address-code .information from conductors
SPA16-SPAQ and the mode information from conductors
11HM, 11GM and 11CM of cable 1124 through bus selec-
tion gates 1800 to bus “0” of Bus System 6202,

During time interval 6T8, OCG circuit 420CG places
a gating signal on conductor ADAS of order cable 4209
which gates the address-code information SPA14-SPAQ
on cable 1123 through AND gates 1202 to bit positions
AS14-AS0 of register 12ASR.

ADAS=(CSW-B)(ASCII)(6T8)

During the same time interval 6T8, OCG circuit 420CG
places, a gating signal on conductor SOCSRWP of order
cable 4209 which, as previously described, gates the read,
write and parity information on conductors 11R, 11W and
11AP of cable 1124 through bus selection gates 1800 to
bus “0” of Bus System 6202.

SOCSRWP=(Bus Choice “0”)(BRCM)(6T8)

Also during time interval 6T8, OCG circuit 420CG
places signals on conductors TPI and SPKA of order
cable 4209. The signal on conductor TPI prepares data
parity generator 11DPG to compute total parity across
the 15-bit address-code information SPA14-SPAO and the
twenty-three bits of data to be transmitted to Signal Proc-
essor Call Store System 172.

" PPI=(6T8)
The signal on conductor SPKA causes address parity gen-
erator 11APG to store its parity computation and to pro-
vide a parity indication on one of its output conductors

PKA or PKA.
SPKA=(6T8)

During time interval 9T10, OCG circuit 420CG places
a signal on conductor RSPASW of order cable 4209 which
causes flip-flop SPASW of flip-flop group 40CSE to be
RESET.

RSPASW=(SPW)(8T10)(9T11)

This action prepares flip-flop SPASW to respond to the :

all-seems-well signal CSASW expected from Signal Proc-
essor Call Store System 172. It should be noted however
that bit positions BR23-BRO of register 21BR are not
RESET at this time, as they were during the aforedescribed
read-instruction and read-data communications operations
CSRI-A and CSRD-B, since no response information
other than all-seems-well signal CSASW is expected from
Signal Processor Call Store System 172 during this write-
data communications operation CSW--B.

During time interval 9T11, a gating window for the ex-
pected all-seems-well signal CSASW from Signal Proc-
essor Call Store System 172 is opened by a signal placed
on conductor SPASWW of order cable 4209 by OCG cir-
cuit 420CG. This signal remains on conductor SPASWW
until time interval 21T1.

SPASWW=(SPW)(9T11-21T1)

During time interval 9T11, flip-flops CSEI and CSEE in
flip-flop group 38SPE are RESET by a signal placed on
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conductor RCSE of order cable 4209 by OCG circuit
420CG.
RCSE=(9T11)

This action prepares flip-flops CSEI and CSEE to register
any communication errors detected during this communi-
cations operation CSW-B with Signal Processor Call Store
System 172.

During time interval 9T18, the data to be transmitted
to Signal Processor Call Store System is placed on masked
bus 30MB in accordance with the actions specified by the
machine instruction *“X” presently being executed. Also
during time interval 9T18, OCG circuit 420CG places a
gating signal on conductor MBDA of order cable 4209,
This signal gates the information on bit positions MB22-
MBO of masked bus 30MB via cable 3651 through AND
gates 2907 and OR gates 2912 to the respective input ter-
minals of AND gates 2901. This signal also gates the
parity information on conductor 11TP through AND gate
2910 and OR gate 2913 to the input terminal of AND gate
2902.

MBDA—(9T18)

During the same time interval 9T18, a signal is placed
by OCG circuit 420CG on conductor DPW of order cable
4209. This signal gates the information on bit positions
MB22-MBO of masked bus 30MB via cable 2054 through
single-to-double-rail-converter AND gates 1103 to data
parity generator 11DPG. Data parity generator 11DPG
computes total parity across the address-code information
SPA14-SPAO, as indicated by the condition of conductors.
PKA and TKA, and across the 23-bit data word MB22~
MBO. Data parity generator 11DPG then signifies the even
or odd parity as computed by conditioning its output con-
ductor 11TP. This parity information is made available,
as described above, for transmission to Signal Processor
Call Store System 172 in association with the data word
MB22-MBO (WD22-WD0).

DPW=(ST18)

During time interval 12T 14, sequencer 4318 is advanced
from sequence state 3 to sequence state 4, in accordance
with the presumption as to sequence states previously
noted. A signal is placed on conductor SIFF3 of sequence
control cable 4201 which causes flip-flop IFF3 of sequencer
4318 to be SET.

SIFF3=(32PR)(1534)(12T14)

During time interval 14T16, OCG circuit 420CG trans-
mits a gating signal on conductor SOCSD of order cable
4209.

50CSD=(Bus Choice “0”)(SPW)(14T16)

As previously described, the presence of a signal on con-
ductor SOCSD of order cable 4209 transmits the informa-
tion WD22-WD0 and DP through AND gates 2901 and
2902 to bus “0” of Bus System 6203. Accordingly, the data
and a parity bit are transmitted to Signal Processor Call
Store System 172 where they will be written into a memory
location in accordance with the signal processor command
information previously transmitted from signal processor
200 to Signal Processor Call Store System 172.

During time interval 17T19, OCG circuit 420CG places
a control signal on conductor TPI of order cable 4209.
This signal causes data parity generator 11DPG to remove
any indication of its total parity computation from con-
ductor 11TP.

TPI=(DR)(3ZPR)(17T19)

This action is taken to preclude an even parity computa-
tion by parity generator 11DPG from indicating a com-
munication error. An even parity indication does not neces-
sarily mean that a malfunction is present during a write-
data communication operation CSW- since the informa-
tion in register 21BR is not a response from Signal Proc-
essor Call Store System 172.
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It is first assumed, for descriptive purposes, that the
communications operation CSW-B presently being de-
scribed is completed successfully without detection of a
communications error. The successful completion of this
operation is indicated by the presence of a signal on con-
ductor 38CSE of OCG cable 4600 and the absence of a
signal from conductor 38CSE of OCG cable 4600. In the
absence of a communications error, OCG circuit 420CG
places a control signal on conductor RPRW of sequence
control cable 4201 which causes flip-flop SPWFF in
sequencer 44RCS to be RESET.

RPBW=(38CSE)(2T4)

During the same time interval 2T4, sequencer 431S is
advanced to the next sequence state which, in the example
being described, is sequence state 5. Accordingly, OCG
circuit 420CG places a control signal on conductor SIFF1
of sequencer control able 4201 which causes flip-flop IFF1
in sequencer 431S to be SET.

SIFF1=(38CSE) (1545)(2T4) (RTF43) (SI549)

Signal processor 200 now continues with the execution of
machine instruction “X” under control of sequencer 431S.

As noted above, the indication of total parity has been
removed from conductor 11TP by data parity generator
11DPG. Therefore no signal is present on conductor
11TP. Thus, the only communications error which will
give rise to a recall communications operation is a failure
to receive the all-seems-well signal CSASW from Signal
Processor Call Store System 172. If an all-seems-well sig-
nal CSASW is not received prior to the time interval 21T1
and flip-flop SPASW in flip-flop group 40CSE remains
RESET, OCG circuit 420CG places a control signal on
conductor SCSEI of order cable 4209 which causes flip-flop
CSEI of flip-flop group 38SPE to be SET.

SCSEI=[(11TP) 4 (40SPASW)1(21T1)

The same conditions giving rise to a signal on conductor
SCSEI of order cable 4209 also cause a signal to be placed
on conductor SCSEE which is cross coupled via cable 5153
to the other signal processor in the signal processor com-
munity, This signal causes flip-flop CSEE in flip-flop group
38SPE of the other signal processor to be SET. Similarly,
if a communications error is detected in the other signal
processor of the community, signal processor 200 receives
a signal via cable 5152 on conductor 51SCSEE which
causes flip-flop CSEE of flip-flop 38SPE in signal processor
200 to be SET. If either of the flip-flops CSEE or CSEI
are in a SET condition, the logic circuit comprising AND

gates 3801 and 3802 and OR gate 3803 removes the signal :

from conductor 38CSE of OCG cable 4600 and places a
signal on conductor 38CSE. In response to the presence
of a signal on conductor 38CSE of OCG cable 4600, OCG
circuit 420CG places a signal on conductor SRCFF1 of
sequence control cable 44RCS.

SRCFF1=(RC01)(38CSE)(2T4)

The signal on conductor SRCFF1 causes flip-flop RCFF1
in sequencer 44RCS to be SET, thereby placing sequencer
44RCS in sequence state 1. This action occurs during time
interval 2T4. In the absence of a signal from conductor
38CSE of OCG cable 4600, flip-flop SPWFF of sequencer
44RCS remains in a SET condition and sequencer 431S
is not advanced as described above.

During the same time interval 2T4, OCG circuit 420CG
places a gating signal on conductor ASCM of order cable
4209 which, as previously described, gates the address-
code information SPA14-SPAO previously transmitted to
Signal Processor Call Store System 172 and registered in
register 12ASR from register 12ASR to conductors
SPA14-SPAO of cable 1124,

ASCM=(38CSE)(2T4-9T11)

The aforenoted signal on conductor ASCM of order cable
4209 remains until time interval 9T11.
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The actions described above taken by signal processor
200 in its first attempt at the write-data communications
operations CSW-B are now repcated. A signal on con-
ductor SOCSA during time interval 4T6 transmits the
address-code information SPA16-SPAO and the mode in-
formation 11CM, 11GM and 11HM through bus selec-
tion gates 1800 to the Signal Processor Call Store System
172.

SO0CSA=(Bus Choice “0”) (ASCM) (4T6)

Parity information obtained from address parity generator
11APG and a write indication are placed on conductor
11AP and 11W of cable 1124, as previously described.
During time interval 6T8, this information is transmitted
through bus selection gates 1800 to Signal Processor Call
Store System 172 in response to a signal on conductor
SOCSRWP of order cable 4209, as previously described.

SOCSRWP=(Bus Choice “0”) (4SCM)(6T8)

Conductor TP1 of order cable 4209 is again energized dur-
ing time interval 6T8 to prepare data parity generator
11DPG for computing total parity across address-code in-
formation SPA14-SPA0O and the 23-bit data word to be
transmitted for storage in Signal Processor Call Store
System 172.

TPI=(6T8)

Conductor EPKA of order cable 4209 is again energized
during time interval 6T8 causing address parity generator
11APG to store is computed parity and to indicate the
result of its computation to data parity generator 11DPG
via one of the conductors PKA and PEA.

EPKA=(6T8)

Also during time interval 6T8, the five cell binary counter
3901 is incremented in response to a gating signal on con-
ductor ICSEC of order cable 4209 and the presence of a
signal on conductor 38CSEI

ICSEC=(6T8)(RC12)

During time interval 9T10, flip-flop SPASW of flip-flop
group 40CSE is again RESET by a signal on conductor
RSPASW of order cable 4209.

RSPASW=(SPW)(8T10)(9T11)

A gating window for the expected all-seems-well signal
CSASW from Signal Processor Call Store System 172 is
again opened by a signal on conductor SPASWW of order
cable 4209 during time interval 9T11. This signal remains
on conductor SPASWW until time interval 21T1.

SPASWW=(SPW)(9T11-21T1)

Also during time interval 9T11, flip-flops CSEE and CSEI
in flip-flop group 38SPE are again RESET in response to a
signal on conductor RCSE of order cable 4209.

RCSE=(9T11)

During time interval 9T18, the data to be transmitted to
Signal Processor Call Store System 172 is again placed
on bit positions MB22-MBO0 of the masked bus 30MB.
During this same time period 9T18, conductor MBDA of
order cable 4209 is again energized by OCG circuit 420CG
to gate the information on bit positions MB22-MBO via
cable 3051 and AND gates 2907 and OR gates 2912 to the
bus selection gates 2900.

MBDA==(9T18)

Also during time interval 9T18, the information on bit
positions MB22-MBO of masked bus 30MB is gated via
cable 2054 through AND gates 1103 to data parity gen-
erator 11DPG in response to a signal on conductor DPW
of order cable 4209.

DPW=(9T18)

Data parity generator 11DPG again computes total parity
across the address-code information SPA14-SPAOQ and the
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data word MB22-MBO. Parity generator 11DPG indicates
the result of this computation by the presence or absence
of a signal from its output conductor 11TP. The informa-
tion on conductor 11TP is also gated to bus selection gates
2900 in response to. the aforenoted gating signal on con-
ductor. MBDA of order cable 4209.

During time interval 12T14, OCG circuit 420CG places
a redundant control signal on conductor SIFF3 of se-
quence control dable 4201. This signal is redundant since
sequencer 43IS has already been advanced from sequence
state 3 to sequence state 4 during the first attempt at this
communication operatlon Therefore this s:gnal has no ef-
fect. .

: .S‘IFF3—('"P'R)(ISS4)(12T14)

Also during time mterval 12T14, sequencer 44RCS is ad—
vanced from sequence state 1 to sequence state 2. The
OCG circuit 420CG places a signal on conductér SRCFF2
of sequence . control cable 4201 which causes mp-ﬂop
RCFF2 . in sequencer 44RCS to be SET.

+ SRCFF2=(RC12)(12T14)

During time interval 14T16, the information gated to
bus selection gates 2900 in response to the aforenmoted
signal on conductor MBDA of order cable 4209 is now
gated through bus selection gates 2900 to Bus System 6203
in response to a signal on conductor SOCSD of order cable
4209, This action was previously described.

SOCSD=(Bus Choice “0”) (SPW) (14T16)

During time interval 17T19, a signal is placed on con-
ductor TPI of order cable 4209 which again inhibits data
parity generator 11DPG from placing a signal on its out-
put conductor 11TP, as previously described.

TPI=(DR)(32PR)(17T19)

If the repeated communications operation CSW-B is
successfully completed without error, as indicated by the
presence of a sxgnal on conductor 38CSE of OCG cable
4600, a signal is placed on conductor RPRW of sequence
conm'ol cable 4201 which causes flip-flop SPWFF in se-
quencer 24RCS to be RESET.

RPRW=(38CRF)(2T4)

During the same time interval 2T4 in the absence of com-
munications error, sequencer 431S is advanced to the next
sequence state, which in this partlcular example is sequence
state 5. Accordingly, flip-flop IFF1 in sequencer 43IS is
SET by a signal received on conductor SIFF1 of sequence
control cable 4201 from OCG circuit 420CG.

SIFF1=(38CRE) (1545) (2T4) (§T549) (FI843)

In the absence of communications error, signal processor
200 now continues with the execution of the machine in-
struction “X" presently defined by the content of instruc-
tion register 131IR.

If 2 communications error during the recall communica-
tions operations CSW-B is detected, as indicated by the
SET condition of either flip-flop CSEE or ﬂlp-ﬂop CSEI
of flip-flop group 38SPE, signal processor 200 is stopped
by start-stop control 48SS and an interrupt signal is trans-
mitted to Central Control System 101 from interrupt con-
trol 49IC. These actions are described in more detail later
herein during the discussion of the maintenance area of
signal processor 200,

Central Control Request Communications Operations
with Signal Processor Call Store System 172.—As pre-
viously noted, signal processor 200 provides a buffer for
communications between Central Control System 101 and
Signal Processor Call Store System 172. Central control
call store commands are registered in register 9CCAR and
decoded by decoder 10CCD to determine the type of com-
munications operation, if any, required of signal processor
200. In response to one such command signal processor
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200 can read information from a memory location. in

Signal Processor .Call Store System 172 defined by the

content of register 9CCAR, store the information thus ob-
tained. from Signal Processor Call Store System 172 in
register 10CCDR and then transmit the content of register
10CCDR to Central Contfol System 101 via Central Con-
tro) Call Store Response Bus System 6501. In response
to anothe; such command, sxgnal processor 200 can write
data regeived from Central Control System 101 and stored
in regxster 10CCDR into the. memory location of Signal
Processor Call Store System 172 defined by the content of
register 9CCAR. These communications bperations are re-
spectively designated “central control request sigmal proc-

essor call store read operation” .and ‘central control re-
quest signal processor call store write operation.”

The makeup and operation of the central control request
detection degoder 10CCD hasg been described earlier here-
in. This description included the Boolean equations defin-
ing the content of register 9CCAR which results in the
presence of sngn'als on the respective ‘decoder output con-
ductors included in cable 1004. The descnptlon further
included the meanings of the respective mnemonic. desig-
nations given the conductors of cable 1004. The following
description will on occasion refer back to this mformanon
previously set forth herein.

Central Control Request Signal Processor Call Store
Read Operation.—During time interval 14C16 of sequence
states 0 or 6 of central control request sequencer 45CCRS,
OCG circuit 420CG places a control signal on conductor
REAR of order cable 4209.

“REAR= (CCR0156) ( 14C16)

This signal causes all ‘thg ‘bt positions of register 9CCAR
to be RESET and prepares them to register the next cen-
tral control call store command transmifted by Central
Control System 101.- ' * -

It should be noted at this point in the description that
the only timing signals utilized. during this operation are
thase of the C pulse group, As described below, whenever
signal processor 200 is operating in response to a central
control call store command, the T pulse group is inhibited
by start-stop control 48SS. Thus signal processor 200 is
stopped whenever it is responding to 2 command from
Central Control Systém 101,

For purposes of description it will be assumed that the
flip-flops TBL1, TBLO, CCBT, CCBA and OL3 in flip-flop
group 36CSC and flip-flop AU in flip-flop group 345C1
are conditioned, as previously described, so that signal
processor 200 accepts information from bus *0” of Central
Control Call Store Address Bus System 6401. Accordingly,
a signal is present on conductor ROCC of order cable 4209
which cantrols bus selection gates 300 so ‘that central con-
trol call store commands are accepted from bus “0” of Bus
System 6401,

ROCC=(Bus Choice “0”")

During each time interval 14C16, OCG circuit 420CG
places.a eontrol signal on conductor RSPS: of order cable
4209 which causes ﬁlp—ﬂop SPS in ﬂ1p~ﬂop group 34SC1
to be RESET. '

: RSPS—- { 14C 16 )y -

In #ts RESET condition, 51gnal processor stop flip-flop
SPS.removes the signal from its output conductor 34SPS
whichis, unhzed by start-stop. control 48SS to inhibit the
denva,tlon of the T pulse group from counter circuit 4701
of microsecond clock. 47CLK The derivation of T clock
pulses commences again, unless re-inhibited, with the
next time interval 2T4, The relatlonshlp of these circuits
is described in more detail later herein.

During time interval 17C19 of sequence states 0, 1, §
or 6 of sequencer 45CCRS, OCG: circuit 420CG places
a gating.signal on conductor CCAR of order cable 4209.
This signal remains an conductor CCAR until time. in-
terval 2C4.
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CCAR=(CCRO0156) (17C19-2C4)

A signal of conductor CCAR of order cable 4209 gates
the information included in a central control call store
command, which is accepted through bus selection gates
300 and placed on cable 321, through AND gates 901 and
902 to the appropriate bit positions of register 9CCAR.
At some time during the time period that a signal is
present on conductor CCAR of order cable 4209, a cen-
tral control call store command may be received from
Central Control System 101 and registered in register
9CCAR.

The content of register 9CCAR is indicated through
cable 903 to the central control request detection decoder
10CCD. Decoder 10CCD places signals on its output
conductors which define the type of operation requested
by Central Control System 101 of signal processor 200.

A central control request signal processor call store
read. communications operation is defined by the pres-
ence of signals on the following output conductors of
decoder I0CCD: CCRQ, CSRQ, RNW and NWNR. The
encoding of the content of register 9CCAR giving rise
to the presence of signals on these conductors of OCG
cable 4600 is set forth in the preceding description of
central control request recoder 10CCD.

. During the time interval 0C2 immediately following
registration of a central control call store command in
register 9CCAR, OCG circuit 420CG places a signal on
conductor SSPSI of order cable 4209 if the command
registered in register 9CCAR is determined by decoder
10CCD to require action to be taken by signal processor
200.

SSPSI=(CCRQ)(CCRO15)(0C2)

Conductor SSPSI of order cable 4209 serves as one input
terminal to OR gate 4812 in start-stop control 48SS.
The signal on conductor SSPSI is transmitted through
OR gates 4812 and 4815 to conductor 48SSPS. As pre-
viously noted, conductor 48SSPS is connected through
cables 3620 and 4600 to the SET terminal of flip-flop SPS
in flipflop group 34SC1. Accordingly, the presence of a
signal on conductor 48SSPS causes flip-flop SPS to be
SET. In its SET condition, flip-flop SPS places a signal
on its output conductor 34SPS which is connected through
OCG cable 4600 to OCG circuit 420CG and is also
connected through cables 3308, 4000 and 3620 as one
input to OR gate 4814 in start-stop control 48SS. The
signal on conductor 34SPS is transmitted through OR gate
4814 to conductor 48SPS and applied to pulse generator
4703 in microsecond clock 47CLK. This signal inhibits
pulse generator 4703 thereby inhibiting the formation
of the next 2T4 clock pulse and subsequent pulses of the
T pulse group and causing signal processor 200 to be
stopped at that time.

During the same time interval 0C2, OCG circuit
420CG places a signal on conductor CCAD of order
cable 4209. This signal is continuously applied until the
next time interval 9C11.

CCAD=(CCRQ)(CCRO01)(0C2-9C11)

The presence of a signal on conductor CCAD of order
cable 4209 gates the content of register 9CCAR via cable
903 through AND gates 1111, 1112, 1113, 1114 and 1115
to corresponding conductors of cable 1123. The informa-
tion in bit positions CCA14-CCAO is gated through AND
gates 1111 and OR gates 1106 to conductor pairs SPA14—
SPAQ of cable 1123 and to address parity generator
11APG. The content of bit positions HM, GM and CM
of register 9CCAR is gated through AND gates 1112 to
conductors 11HM, 11GM and 11CM of cable 1124. The
information in bit positions R, W and AP of register
9CCAR is gated through AND gates 1113, 1114 and 1115
to conductors 11R, 11W and 11AP of cable 1124. With
a signal present on conductor CCAD of order cable 4209
there is no signal present on conductor CCAD and AND
gates 1120, 1121 and 1122 are therefore disabled.
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During time interval 2C4, central control request se-
quencer 45CCRS is started and placed in sequence state 1.
OCG circuit 420CG places a control signal on conductor
SCCS3 of sequence control cable 4201 which causes flip-
flop CCS3 in sequencer 45CCRS to be SET.

SCCS3=(CCRQ)(CCRO1)(2C4)

During the same time interval 2C4, OCG circuit
420CG places a control signal on conductor RERQF of
order cable 4209.

RERQF=(CCR01)(2C4)

This signal causes flip-flop RQF in flip-flop group 40CSE
to be RESET. Request failure flip-flop RQF is SET when
improper information is detected in a central control call
store command, as described later herein.

Also during time interval 2C4, OCG circuit 420CG
places a control signal on conductor REDR of order cable
4209 which causes all bit positions CCD23-CCDQ of
register 10CCDR to be RESET.

REDR=(CCRQ)(NWNR)(CCR015)(2C4)

During time interval 4C6, the address-code information
on conductors SPA16-SPAC0 and the mode information
on conductors 11HM, 11GM and 11CM of cable 1124 is
transmitted through bus selection gates 1800 and via Sig-
nal Processor Call Store Address Bus System 6202 to
Signal Processor Call Store System 172. It is again
assumed that the bus choice input signals to OCG circuit
420CG indicate that information will be transmitted from
signal processor 200 to Signal Processor Call Store Sys-
tem 172 on bus “0” of the appropriate Bus System. Ac-
cordingly, a signal is placed on conductor SOCSA of order
cable 4209,

SOCSA=(CSRQ)(CCR1245)(Bus Choice “0") (4C6)

This signal gates the aforenoted information from cable
1124 through bus selection gates 1800 to bus “0” of Bus
System 6202 as previously described,

During time interval 6C8 of sequence state 1 of se-
quencer 45CCRS, the remaining portion of the signal
processor call store command is gated from cable 1124
through bus selection gates 1800 to Signal Processor Call
Store System 172. OCG circuit 420CG places a signal on
conductor SOCSRWP of order cable 4209. This signal
gates the information on conductors 11R, 11W and 11AP
through bus selection gates 1800 to bus “0” of Bus System
6202,

SOCSRWP=(CSRQ)(CCR1245) (Bus Choice “0")(6C8)

A complete signal processor call store command has now
been transmitted from signal processor 200 to Signal
Processor Call Store System 172. All variable information
incorporated in this command was obtained from the cen-
tral control call store command registered in register
9CCAR of signal processor 200.

During time interval 9C11 of sequence state 1 of se-
quencer 45CCRS, gating windows are opened through
which the expected response information SPD23-SPDO
and the expected all-seems-well signal CSASW from Signal
Processor Call Store System may be received and reg-
istered by register 16CCDR and flip-flop CCASWI in flip-
flop group 40CSE. Flip-flop CCASWI is first RESET dur-
ing time interval 6C8 to insure its readiness to register
the expected all-seems-well signal CSASW. A signal is
placed by OCG circuit 420CG on conductor RCCASW
of order cable 4209 which causes flip-flop CCASWI to be
RESET and flip-flop CCASWE to be SET.

RCCASW=(CSRQ)(CCR1245)(6C8)

OCG circuit 420CG then places a gating signal on con-
ductors CSDR and CCASWW of order cable 4209. These
signals are continuously applied until time iaterval 20C0
of sequence state 2 of sequencer 4SCCRS.
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CSDR=(CSRQ)(CCRI1245)(NWNR)(9C11-20C0)

CCASWW=(CSRQ)(CCR1245)(9C11-20C0)

‘The presence of a signal on conductor CSDR gates the
response information SPD23-SPDO, accepted from Signal
Processor Call Store Response Bus System 6201 through
bus selection gates 500, from cable 512 through AND
gates 1007 and OR gates 1001 to bit positions CCD23—
CCDO of register 16CCDR. The synchronizing signal
CSSYNC accompanying the response information is also
utilized via conductor SCSSYNC to enable AND gate
1007. The presence of a signal on conductor CCASWW
gates the expected all-seems-well signal CSASW, which
accompanied the response information from Signal Proc-
essor Call Store System 172, from conductor SCSASW of
cable 513 through AND gate 4002 to the SET terminal of
flip-flop CCASWI in flip-flop group 40CSE. Accordingly,
flip-flop CCASWI is SET in response to the reception of
the all-seems-well signal CSASW from Signal Processor
Call Store System 172.

During the next time interval 12C14, sequencer
45CCRS is advanced from sequence state 1 to sequence
state 2. OCG circuit 420CG places a control signal on
conductor SCCS2 of sequence control cable 4201 which
causes flip-flop CCS2 in sequencer 45CCRS to be SET.

SCCS2=(CCRQ)(CCRI12) (0EQYF) (12C14)

The significance of the term 40RQF in the above expres-
sion is explained later herein. A signal is placed on con-
ductor 40RQF of OCG cable 4600 when flip-flop RQF of
flip-flop group 40CSE is in its RESET condition. Flip-flop
RQF is presently RESET, as described above.

During time interval 14C16, OCG circuit 420CG places
a signal on conductor RSPS of order cable 4209 which
causes flip-flop SPS in flip-flop group 34SC1 to be RESET.

RSP§S=(14C16)

When flip-flop SPS is RESET, the signal is removed from
its output conductor 34SPS thereby removing the signal
from conductor 48SPS which stopped signal processor 200
as described above. Accordingly, signal processor 200 may
now resume its independent operation during the next
time interval 2T4 when the appropriate sequencer pre-
viously controlling its operation is again indexed.

During time interval 2C4, sequencer 45CCRS is ad-
vanced from sequence state 2 to sequence state 3. OCG
circuit 420CG places a signal on conductor RCCS3 of
sequence control cable 4201 which causes flip-flop CCS3
in sequencer 45CCRS to be RESET.

RCCS3=(CCR23)(CSRQ) (VM) +(WFE)
+(40CTWE)1(2C4)

The significance of the terms NM, WNR and 40CCWE in
the above expression is explained later therein.

During time interval 6C8 of sequence state 3 of se-
quencer 45CCRS, the content of bit positions CCD23-
CCDO of register 10CCD is gated via buffer bus 10BB and
cable 1912 through bus selection gates 4160 to Bus Sys-
tem 6501 whereby it is transmitted to Central Control
System 101. As noted above, it is assumed that the bus
choice input signals to OCG circuit 420CG define bus “0”
of the appropriate Bus Systems for transmission of in-
formation from signal processor 200, as previously de-
scribed. Accordingly, OCG circuit 420CG places a con-
trol signal on conductor SO0CC of order cable 4209,

SO0CC=(Bus Choice “0”) .

OCG circuit 420CG places a gating signal on conductor
DRCC of order cable 4209.

DRCC=(CSRQ)(WNR)(CCR23)(6C8)

These signals gate the information CCD23-CCDO on
cable 1912 through AND gates 4101, amplifiers 4107 and
pick-off transformers 4109 to corresponding conductor
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pairs of bus “0” of Bus System 6501. The signal on con-
ductor SOCC of order cable 4209 is also gated through
AND gate 4103 and transmitted via bus “0” of Bus Sys-
tem 6501 as a synchronizing pulse SPSYNC. During the
same time interval 6C8, OCG circuit 420CG places a
signal on conductor ASWCC of order cable 4209 which is
transmitted through AND gate 4102 as an all-seems-well
signal to Central Control System 101 verifying the success-
ful completion of this communication operation by signal
processor 200.

ASWCC=(CSRQ)(NWNR)(40CCASWI)(CCR23)
(6C8)

From the above expression it is evident that no all-seems-
well signal is transmitted by signal processor 200 to Cen-
tral Control System 101 in the event that flop-flop
CCASWI was not SET by an all-seems-well signal CSASW
from Signal Processor Call Store System 172. In this event,
Central Control System 101 proceeds in the same manner
as it would in the absence of an all-seems-well signal
from a response by Central Control Call Store System
103, as described in the aforenoted Doblmaier et al. ap-
plication.

During time interval 12C14, sequencer 45CCRS is re-
turned to sequence state 0. A signal is placed on con-
ductor RCCS2 of sequence control cable 4201 which
causes flip-flop CCS2 in sequencer 4SCCRS to be RESET.

RCCS82=(CCR03)(12C14)

During time interval 12C16, while sequencer 45CCRS
remains in sequence state 0, OCG circuit 420CG places a
signal on conductor REAR of order cable 4209 which
causes all bit positions of register 9CCAR to be RESET.

REAR=(CCR0156) (14C16)

Register 9CCAR is thereby prepared to register the next
central control call store command transmitted from Cen-
tral Control System 101.

The detection of an error during a central control signal
processor call store read communications operation does
not cause signal processor 200 to take any corrective action
by itself. It merely results in the absence of an all-seems-
well signal ASWCC from the response information trans-
mitted by signal processor 200 to Central Control System
101,

Central Control Request Signal Processor Call Store
Write Communications Operation.—As noted above, while
sequencer 4SCCRS is in sequence state 0, register 9CCAR
is RESET during time interval 14C16 of each machine
cycle. This is accomplished by a signal on conductor
REAR of order cable 4209.

REAR=(CCRO156) (14C16)

The actions taken by signal processor 200 in accepting a
central control call store command from Central Control
Call Store Address Bus System 6401 were described
above. The following Boolean expressions define the ac-
tions taken by signal processor 200 in accepting the
command and storing it is register 9CCAR.

ROCC=(Bus Choice “0”)
CCAR=(17C19-2C4)(CCR0O156)

The content of register 9CCAR is again decoded by
decoder 10CCD which places signals on the following
conductors of OCG cable 4600 to define the requested
operation as a central control requested signal processor
call store write communications operation: CSRQ, CCRQ
and WNR. The encoding of the content of register 9CCAR
giving rise to the presence of signals on the aforenoted
conductors is set forth earlier herein with the description
of decoder 16CCD.

As a result of the presence of signals on the aforenoted
conductors CSRQ, CCRQ and WNR of OCG cable 4600,
signal processor 200 is stopped, the content of register
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9CCAR is gated to cable 1124, central control request
sequencer 45CCRS is started, flip-flop RQF in flip-flop
group 40CSE is RESET, and the information gated from
register 9CCAR to cable 1124 is transmitted to Signal
Processor Call Store System 172 as a signal processor
call store command. The above actions were previously
described in the description of a central control request
signal processor call store read communications oper-
ation. The following Boolean expressions define the ac-
tions taken by signal processor 200 to complete the afore-
noted functions:

SSPSI=(CCRQ)(CCR015)(0C2)
CCAD=(CCRQ)(CCRO01)(0C2-9C11)
SCCS3=(CCRQ)(CCRO1)(2C4)
RERQF=(CCRO01)(2C4)

S0CSA=(Bus Choice “0”") (CSRQ)(CCR1245) (4C6)
SOCSRWP=(Bus Choice “0”)(CSRQ)(CCR1245)(6C8)

In addition to the above actions, register 10CCDR is
prepared during time interval 2C4 to receive the data
from Central Control System 101 which is to be placed
into the memory location in Signal Processor Call Store
System 172 defined by the content of register 9CCAR.
OCG circuit 420CG places a signal on conductor REDR
of order cable 4209 which causes all bit positions CCD23—~
CCDO of register 10CCDR to be RESET.

REDR=(CCRQ)(WNR)(CCR015)(2C4)

During time interval 4C6 of sequence state 1 of se-
quencer 45CCRS, OCG circuit 420CG places a signal on
conductor CCDR of order cable 4209. This signal is con-
tinuously applied until time interval 9C11.

CCDR=(CCRQ)(CCRO15)(WNR)(4C6-9C11)

The presence of a signal on conductor CCDR of order
cable 4209 gates the information D23-D0, received
through bus selection gates 400 from Central Control Call
Store Write Data Bus System 6402, from cable 412
through AND gates 1606 and OR gates 1001 to bit posi-
tions CCD23-CCDO of register 10CCDR. The synchron-
izing signal CCSYNC accompanying the information
D23-D0 is also utilized in gating the information D23-D0
through AND gates 1006.

As noted above, the address-code information SPA14—
SPAO previously transmitted to Signal Processor Call
Store System 172 as a portion of the signal processor call
store command, was also gated to address parity genera-
tor 11APG. Address parity generator 11APG computes
parity across the 15-bit address-code information SPA14—
SPAO and provides an indication of this computation by
placing a signal on one of its output conductors 11SPAP
or 11SPADP. These conductors are connected as inputs
to decoder 10CCD. As previously described during the
description of decoder 10CCD, a signal is placed on
conductor APOK of cable 1024 by decdoer 10CCD when
the address parity computed by address parity generator
11APG matches the address parity information stored
in register 9CCAR, thereby providing a check that the
address-code information CCA14-CCAOQ received from
Central Control System 101 matches the address-code in-
formation SPA14-SPAO transmitted to Signal Processor
Call Store System 172.

Also, as previously described, decoder 10CCD places
a signal on conductor VM of cable 1004 when the in-
formation in bit positions HM, GM and CM of register
9CCAR indicates a valid mode of operation.

In the event that a signal is absent from either of the
conductors VM or APOK during time interval 6C8 of
sequence state 1 of sequencer 45CCRS, OCG circuit
420CG places a signal on conductor SXPLRQF of order
cable 4209,
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SXPLRQF=[(VM)+ (APOK)1[(SPRQ)
+(CSRQ) (WNR)1(CCRO1) (6C8)

This signal causes flip-flop RQF in flip-flop group 40CSE
of signal processor 200 to be SET. The signal on con-
ductor SXPLRQF is also cross-coupled on conductor
SRQF through amplifiers 4009, transformers 4010 and
cable 4011 to the other signal processor of the signal
processor community. If it is assumed, for the moment,
that signal processor 200 represents the other signal
processor of the community, this signal is received on
conductor SRQF of cable 4012 through transformers
4013 and amplifiers 4014 and causes flip-flop RQF of the
other signal processor to be SET through OR gate 4003,

In its SET condition, flip-flop RQF of flip-flop group
40CSE indicates that an address parity failure or an
invalid mode has been detected in the signal processor
200 during a communications operation requested from
Central Control System 101. Flip-flop RQF places a sig-
nal on its output conductor 40RQF and removes the signal
from its output conductor 0RQF when in a SET con-
dition. These conductors are connected through OCG
cable 4600 to OCG circuit 420CG. The SET condition
of flip-flop RQF inhibits the advance of sequencer
45CCRS from sequence state 1 to sequence state 2 and
initiates the return of sequencer 45CCRS to sequence
state O thereby halting the communications operation
being performed. This is accomplished by a signal from
OCG circuit 420CG on conductor RCCS3 of sequence
control cable 4201 which causes flip-flop CCS3 in se-
quencer 4S5CCRS to be RESET.

RCCS3=(CCRO1) (40RQF) (12C14)

The same trouble conditions described above which
cause flip-flop RQF to be SET also prevent signal proces-
sor 200 from returning an all-seems-well signal ASWCC
to Central Control System 101 thereby indicating that
trouble has been encountered. During time interval 6C8,
OCG circuit 420CG places a gating signal on conductor
DRCC of order cable 4209,

DRCC=(CCRQ)(WNR)(CCR12)(6C8)

The signal on conductor DRCC and the aforementioned
signal on conductor SOCC enable AND gate 4102 of
bus selection gates 4100. During the same time interval
6C8 of sequence states 0 and 1 of sequencer 45CCRS,
OCG circuit 420CG places a signal on conductor ASWCC
of order cable 4209.

ASWCC=(CCRQ)(CCRO01)
(VM) (APOK)(WNR)(6C8)

This signal is generated only if the above-described parity
check is successful as indicated by the presence of a signal
on conductor APOK of OCG cable 4600, and if a valid
mode indication is provided by the content of register
9CCAR, as indicated by the presence of a signal on con-
ductor VM of OCG cable 4600, The presence of co-
incident signals on conductors S0CC and ASWCC of
order cable 4209 cause a signal to be transmitted through
AND gate 4102 on conductor ASW through inverters
4107 and pick off transformer 4109 to a corresponding
conductor pair of bus “0” of Central Control Call Store
Response Bus System 6501. This signal is transmitted to
Central Control System 101 as an all-seems-well signal.

Also during time interval 6C8 of sequence state 1
of sequencer 45CCRS, OCG circuit 420CG places a
control signal on conductor RCCSW of order cable 4209
which causes flip-flop CCASWI in flip-flop group 40CSE
to be RESET and flip-flop CCASWE in the same flip-
flop group to be SET.

RCCASW=(CSRQ)(CCR1245) (6C8)

This action prepares flip-flop CCASWI to register the
expected all-seems-well signal CSASW which will be the
only response expected from Signal Processor Call Store
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System 172. The above action also prepared flip-flop
CCASWE to register a signal from the other signal proces-
sor of the signal processor community indicating the
failure by the other signal processor to receive an all-
seems-well signal CSASW from Signal Processor Call
Store System 172. ‘

During time interval 9C11 of sequence state 1 of
sequencer 45CCRS, OCG circuit 420CG places a gating
signal on conductor CCASWW of order cable 4209. This
signal is continuously applied until time 20C0 of sequence
state 2 of sequencer 45CCRS.

CCASWW=(CSRQ)(CCR1245)(9C1 1-20C0)

At some time during the period that the gating signal is
present on conductor CCASWW of order cable 4209, an
all-seems-well signal CSASW is expected from Signal
Processor Call Store System 172. This all-seems-well sig-
nal CSASW ‘is received from Signal Processor Call Store
Response Bus System 6201 through bus selection gate 560
on conductor SCSASW of cable 513. The all-seems-well
signal CSASW on conductor SCSASW:is gated through
AND gate 4002 and causes flip-flop CCASWI of flip-flop
group 40CSE to be SET. When the time period during
which the all-seems-well signal CSASW should be received
has elapsed, namely during time interval 20C0 of sequence
state 2 of sequencer 45CCRS, OCG circuit 420CG places
a signal on conductor CKXP of order cable 4209,

CKXP—=(CSRQ)(WNR)(NM)(3TCAN) (20C0)
(CCR1245)

Conductor CKXP is connected as one input of AND gate
4004. The other input to AND gate 4004 is conductor
Z0CCASWTI upon which a signal is placed when flip-flop
CCASWI is in the RESET condition. Accordingly, if no
all-seems-well signal CSASW has been received by signal
processor 200 prior to the time interval 20C0, the signal
placed on conductor 40CCASWI by flip-flop CCASWI is
gated through AND gate 4004 to conductor ASWE. Con-
ductor ASWE. Conductor ASWE is connected through
inverter amplifiers 4009, transformers 4010 and cable 4011
to the other signal processor in the signal processor com-
munity. If it is momentarily assumed that signal processor
200 is the other signal processor of the signal processor
community, the signal on conductor ASWE is transmitted
through cable 4012, transformers 4013 and amplifier 4014
to the RESET terminal of flip-flop CCASWE in flip-flop
group 40CSE. This signal causes flip-flop CCASWE to be
RESET. In its RESET condition, flip-flop CCASWE places
a signal on its output conductor 40CCASWE which in-

dicates that no all-seems-well signal was received by the 5

other signal processor in the signal processor community.

During time interval 12C14, sequencer 45CCRS is ad-
vanced from sequence state 1 to sequence state 2. A signal
is placed by OCG circuit 420CG on condutor SCCS2 of
sequence control cable 4201 which causes flip-flop CCS2
in sequencer 45CCRS to be SET.

SCCS2=(CCRQ)(CCRI12) (40RQF)(12C14)

As noted above, this action is inhibited if flip-lop RQF in
flip-flop group 40CSE has previously been SET and the
signal removed from its output conductor 40RQF.

Since no signal is now present on conductor MBDA of
order cable 4209, amplifier-inverters 2911 cause a signal
to be applied to one input terminal of each of the AND
gates 2908 and 2909. The other inputs to AND gates
2908 and 2909 are cables 1910 and 1911 which connect
register 10CCDR via buffer bus 10BB to bus selection
gates 2900. As a result, the input information, WD22—
WDO and DP, to bus selection gates 2900 represents the
information in bit positions CCD22-CCDO0 and CCD?23,
respectively, or register 10CCDR.

During time interval 14C16 of sequence state 2 of
sequencer 45CCRS, OCG circuit 420CG places a gating
signal on conductor SOCSD of order cable 4209.
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SOCSD=(Bus Choice “07”)(CSRQ)(CCR1245)
(3TCAM ) (WNR) (14C16)

This signal transmits the input information WD22-WD0
and DP through bus selection gates 2900 to bus “0”’ of Sig-
nal Processor Call Store Write Data Bus System 6203, ds
previously described. This information-is transmitted to
Signal Processor Call Store System 172 ahd writtes ‘into
the memory location defined by the addresscode infor-
mation incorporated in the signal processor call store
command information previously transmitted to Signal
Processor Call Store System 172.

Also during time interval 14C16, a signal is placed on
conductor RSPS of order cable 4209 which causes flip-
flop SPS in flip-flop group 34SC1 to be RESET.

RSPS=(14C16)

This action removes the inhibiting signal from pulse gen-
erator 4703 of microsecond clock 47CLK thereby permit-
ting clock pulses of the T clock pulse group again to be
derived from counter circuit 4701 commencing with the
time interval 2T4 corresponding to the next time interval
2C4. )

It will first be assumed, for descriptive purposes, that
both flip-flops CCASWI and CCASWE of flip-flop group
40CSE are in a2 SET condition indicating that all-seems-
well signals CSASW were received by both signal proc-
essors of the signal processor community. When both flip-
flops CCASWI and CCASWE are in a SET - condition,
signals are placed on their output conductors 40CCASWI
and 40CCASWE, respectively. In this condition, AND
gate 4006 places a signal on conductor 40CCWE and
OCG cable 4600. In the absence of a signal from either
of the conductors 40CCASWI or 40CCASWE, no signal
is placed on conductor 0CCWE and, due to inverter am-
plifier 4015, a signal is placed on conductor 40CCWE of
OCG cable 4600.

A0CCTWE=(40CCASWI) (40CCASWE)
A0CCWE=(I0CCASWI)+ (40CCASWE)

Accordingly, the presence of a signal on conductor
F0CCWE indicates that an all-seems-well signal CSASW
was received by both signal processors of the signal proc-
essor community. Whereas, the presence of a signal on
conductor 40CCWE indicates that at least one of the signal
processors of the signal processor community did not’re-
ceive an all-seems-well signal CSASW from Signal Proc-
essor Call Store System 172.

If all-seems-well signals CSASW were received by both
signal processors, OCG circuit 420CG places a signal on
conductor RCCS3 of sequence control cable 4201 which
causes flip-flop CCS3 of sequencer 45CCRS to be SET and
sequencer 45CCRS thereby advanced to sequence state 3.

RCC53==(CCR23)(CSRQ)(#00CWE) (2C4)

During the next time interval 12C14, sequencer 45CCRS is
returned to sequence state 0 by a signal placed on con-
ductor RCCS2 of sequence control cable 4261 which
causes flip-flop CCS2 in sequencer 45CCRS to be RESET.

RCCS2=(CCR03)(12C14)

Signal processor 200 may now proceed with the execution
of the machine instruction defined by the present content
of register 13IR.

It will now be assumed, for descriptive purposes, that
at least one signal processor of the signal processor com-
munity failed to receive an all-seems-well signal CSASW
from Signal Processor Call Store System 172. As de-
scribed in more detail later herein, during time interval
0C2 of sequence state 2 of sequencer 45CCRS, a signal
is placed by OCG circuit 420CG on conductor SPS3 of
order cable 4209.
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SPS3=(CCR24)(WNR)(0C2)

Conductor SPS3 is connected to one input of AND gates
4801 and 4802 of start-stop control 48SS. Output con-
ductors 40CCASWI and 40CCASWE of flip-flops
CCASWI and CCASWE in flipflop group 40CSE are
connected through cables 4000 and 3620 to other input
terminals of AND gates 4801 and 4802 respectively. The
remaining input conductor 34DIV to AND gate 4802 is
assumed for the present to have a signal thereon for
reasons described later herein. The outputs of AND gates
4801 and 4802 are connected through OR gate 4813 to
conductor 48SPSF. Accordingly, a signal will be placed
on conductor 48SPSF of start-stop control 48SS under
the conditions defined in the Boolean expression given
below.

48SPSF=(SPS3)[(WOCCASWE) (33DIV)
+ (40CCARWI) 1

Other conditions under which a signal is placed on con-
ductor 48SPSF are set forth later herein during the de-
scription of start-stop control 48SS.

The signal on conductor 48SPSF is transmitted through
OR gate 4814 to conductor 48SPS. As described above,
a signal on conductor 48SPS causes signal processor 200
to remain stopped. The signal on conductor 48SPSF is
also transmitted through OR gate 4815 to conductor
488SPS which is connected through cables 3620 and 4000
to the SET terminal of flip-flop SPS in flip-flop group
34S5C1. This signal causes flip-flop SPS again to be SET
thereby returning a signal to its output conductor 34SPS.
Conductor 34SPS is connected through cables 3308, 4000
and 3620 to an input terminal of OR gate 4814. Thus,
so long as flip-flop SPS remains in a SET condition, the
signal applied to its output conductor 34SPS is trans-
mitted through OR gate 4814 to conductor 48SPS and
maintains signal processor 200 in a stopped condition.

During time interval 2C4, sequencer 45CCRS is ad-
vanced directly from sequence state 2 to sequence state 4.
OCG circuit 420CG places a signal on conductor SCCS1
of sequence control cable 4201 which causes flip-flop
CCS1 in sequencer 45CCRS to be SET.

SCCS1=(CSRQ)(CCR24)(3TCAM) (NM)
(40CCWE)(WNR)(2C4)

During time interval 2C4 and in the presence of a
communications error indication, a gating signal is again
placed on conductor CCAD of order cable 4209. This
signal remains on conductor CCAD until time interval
9C11 of sequence state 4 of sequencer 45CCRS.

CCAD=(CSRQ)(CCR24)(WNR) (NM)
(40CCWE)(0C2-9C11)

As noted above, the presence of a signal on conductor
CCAD gates the content of register 9CCAR via cable 903
and through the code-mode-access circuit 11CMA to the
appropriate conductors of cable 1124.

Also during time interval 2C4, OCG circuit 420CG
places a signal on conductor REMI of order cable 4209
which causes all flip-flops of internal match register
27IMR to be RESET.

REMI=(CSRQ)(CCR24) (WNR) (NM)
(40CCWE) (33HCCR) (3TTAI) (2C4)

The failure of signal processor 200 to successfully
complete a central control request signal processor call
store write communications operation requires special
provision to prevent the loss of the data intended for
storage in Signal Processor Call Store System 172 and
of the address information defining the memory location
at which the data is to be stored. Subsequent commands
from Central Control System would destroy this informa-
tion. If the repeated operation also fails, signal processor
200 cannot be stopped indefinitely from performing its
own tasks. Accordingly, during the repeated operation,

10

15

20

25

30

36

40

45

60

65

70

106

the address information defining the memory location
in Signal Processor Call Store System 172 is stored in
the internal match register 27IMR and the data which
is intended for storage in Signal Processor Call Store
System 172 is placed in the external match register
27EMR. These two registers are normally used for main-
tenance matching between the two signals processors of a
signal processor community. Their matching functions are
described later herein. However, all matching functions
are inhibited if these registers are used to store address
and data information as a result of an unsuccessful cen-
tral control request signal processor call store write com-
munication operation.

During time interval 2C4, OCG circuit 420CG places
a gating signal on conductor ADMA of order cable 4209,
This signal remains on conductor ADMA until time in-
terval 9C11 of sequence $tate 4 of sequencer 4SCCRS.

ADMA=(CSRQ)(CCR24) (WNR)(NM)
(40CCWE) (33MTCE) (3TCAM) (2C4-9C11)

The significance of the terms 33MOCR and 37CAM in the
above expression is described later herein. The presence
of a signal on conductor ADMA of order cable 4209
gates the information on cable 1124 through AND gates
1104 and over cable 1125 to bit positions IMB20-IMB¢
of internal match bus 27IMB.

Also during time interval 2C4, OCG circuit 420CG
places a control signal on conductor SMUS of order cable
4209 which causes match usage flip-flop MUS in flip-flop
group 375PE to be SET.

SMUS=(CSRQ)(CCR24) (WNR) (NM)
(40CCWE)(33HCCR ) (37CAM) (2C4)

In its SET condition, flip-flop MUS removes the output
signal from its output conductor 37TMUS. This condition
of conductor 3TMUS serves to inhibit the match functions
of signal processor 200, as described later herein in asso-
ciation with the maintenance area of signal processor 200.

During time intervals 4C6 and 6C8 of sequence state 4
of sequencer 45CCRS, a signal processor call store com-
mand is again transmitted to Signal Processor Call Store
System 172. Gating signals are again placed on conduc-
tors SOCSA and SOCSRWP of order cable 4209 which
gate the information on cable 1124 through bus selection
gates 1800 to Signal Processor Call Store Address Bus
System 6202.

$0CSA=(Bus Choice “0”) (CSRQ) (CCR1245) (4C6)
SOCSWP=(Bus Choice “0”)(CSRQ)(CCR1245) (6C8)

The signal processor call store command information thus
transmitted to Signal Processor Call Store System 172 is
identical to that previously transmitted during the first
attempt at this communications operation.

During time interval 6C8, OCG circuit 420CG places
a gating signal on conductor MAMI of order cable 4209
which gates the address information on bit positions
IMB22-IMBO of internal match bus 27IMB through AND
gates 2702 to bit positions IMR22-IMRO of register
24IMR.

MAMI=(CCR45) (33MCCR)(6C8)

During the same time interval 6C8, OCG circuit 420CG
again places a control signal on conductor RCCASW of
order cable 4209,

RCCASW=(CSRQ)(CCR1245) (6C8)

This signal causes flip-flop CCASWI in fiip-flop group
40CSE to be RESET and causes flip-flop CCASWE in the
same flip-flop group 40CSE to be SET. These flip-flops
CCASWI and CCASWE are accordingly prepared for
providing communications error indications as previously
described.

During time interval 9C11 of sequence state 4 of se-
quencer 45CCRS, a signal is placed on conductor REME
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of arder cable 4209 which causes all flip-flops in external
match register 27EMR to be RESET.

REME=(CCR45)(33HCCR)(9C11)

Register 27EMR is thereby prepared to register the data
information which is to be written into Signal Processor
Call Store System 172 during this repeated communica-
tion operation.

During time interval 12C14, sequencer 45CCRS js ad-
vanced from sequence state 4 to sequence 5. 0CG circuit
420CG places a control signal on conductor RCCS2 of
sequence control cable 4201 which causes flip-flop CCS2
in sequencer 45CCRS to be RESET.

RCCS2=(CCRA45)(12C14) -

During time interval 9C11 of sequence state 4 of se-
quencer 45CCRS, a gating signal is placed on caopductor
CCASWW of order cable 4209. This signal remains on
conductor CCASWW until time 20C0 of sequence state 5
of sequencer 45CCRS.

CCASWW=(CSRQ)(CCR1245)(9C11-20C0)

“This signal on conductor CCASWW permits the all-seems-
well signal CSASW expected from Signal Processor Call
Store System 172 to be gated from conductor SCSASW
through AND gate 4002 causing flip-flop CCASWI to be
SET. If no all-seems-well signal CSASW is received prior
to time interval 20C0, flip-flop CCASWI will remain in a
RESET condition thereby indicating a further communica-
tions error.

As described above, the absence of a signal from con-
ductor MBDA of order cable 4209 causes amplifier-in-
verter 2911 to gate the information on buffer bus 10BB
to the inputs of bus selection gates 2900 during time inter-
val 14C16 of sequence state 5 of sequencer 45CCRS. OCG
circuit 420CG again places a gating signal on conductor
SOCSD of order cable 4209.

S0CSD=(Bus Choice “0”) (CSRQ) (CCR1245) (37C4N)
(WNR)(14C16)

As previously described, the presence of a signal on con-
ductor SOCSD gates the input information WD22-WD0
and DP through bus selection gates 2900 to corresponding
conductor pairs of bus “0” of Signal Processor Call Store
Write Data Bus System 6203.

During time interval 14C16 of sequence state 5 of se-
quencer 45CCRS, OCG circuit 420CG places a control
signal on conductor REAR of order cable 4209 which
causes all bit positions of register 9CCAR to be RESET.

REAR=(CCR0156)(14C16)

This action prepares register 9CCAR to receive and store
the next central control call store command transmitted
from Central Control System 101, As described above, the
former content of register 9CCAR is presently stored in
register 27IMR.

During time interval 9C18 of sequence states 4 and 5 of
sequencer 45CCRS, OCG circuit 420CG places a signal
on conductor DRMB of order cable 4209.

DRMB=(CCR45) (33HTCE)(9C18)

The presence of a signal on conductor DRMB of order
cable 4209 gates the information on bit positions CCD22—-
CCDO of buffer bus 10BB through combination logic
circuit 30CBL to bit positions MB22-MBO of masked bus
30MB. The specific gating actions which result from a sig-
nal on conductor DRMB within combination logic 30CBL
are described elsewhere herein.

During time interval 14C16 of sequence state 5 of se-
quencer 45CCRS, a gating signal is placed on conductor
MBME of order cable 4209.

MBME=(CCR45) (33MCCTR) (14C16)

The presence of a sigmal on conductor MBME gates
‘the information on bit positions MB22-MBO0 of masked
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bus 30MB through AND gates 2711 and OR gates 2714
to bit positions EMR22-EMRO of external match register
27EMR. Accordingly, the content of register 10CCDR,
which defines the data to be writetn into Signal Processor
Call Store System 172, is now registered in register
27EMR.

During time interval 14C16 flip-flop SPS in flip-flop
group 34SC1 is again RESET by a signal on conductor
RSPS of order cable 4209.

RSP5S=(14C16)

This action removes the inhibit signal from T pulse gen-
erator 4703 in microsecond clock 47CLK thereby prepar-
ing pulse generator 4703 to commence deriving pulses in
the T pulse group starting with pulse 2T4 corresponding
to the next pulse 2C4 in the “C” pulse group.

It is now assumed that no communications error was
detected during the above-described repeat communica-
tions operation and that a signal is therefore present on
conductor 30CWE of OCG cable 4600. During time in-
terval 2C4, sequencer 45CCRS is returned from sequence
state 5 to sequence state 1. A signal is placed by OCG
circuit 420CG on conductor RCCS1 of sequence control
cable 4201 which causes flip-flop CCS1 in sequencer
45CCRS to be RESET.

RCCS1=(CCR15)(40CTWE) (2C4)

If, at this time, the content of register 9CCAR indicates
the reception of another central control call store com-
mand requiring that action be taken by signal processor
200, that action is now commenced. If, however, the con-
tent of register 9CCAR does not call for any immediate
action by signal processor 200, sequencer 45CCRS is re-
turned to sequence state 0 from sequence state 1 and sig-
nal processor 200 returns to its independent tasks. This is
accomplished by a signal on conductor RCCS3 of sequence
control cable 4201 which causes flip-flop CCS3 in se-
quencer 45CCRS to be RESET.

RCCS3=(CCRO1){CTRQ)(12C14)

It is now assumed, for purpose of description, that for
a second time no all-seems-well signal CSAWS was re-
ceived by one of the signal processors in the signal
processor community containing signal processor 200.
As previously described, this condition results in pulse
generator 4703 of microsecond clock 47CLK being in-
hibited from deriving pulses of the T pulse group and
in flip-flop SPS in flip-flop group 34SC1 being SET.

SPS4=(CCRS56)(0C2)

48SPSF = (SPS4) [ (30CCASWT)
+(40CCASWE)(34DIV)]

In addition to these actions, in the presence of a second
communications error, sequencer 45CCRS is advanced
from sequence state 5 to sequence state 6 instead of being
returned to sequence state 1. A signal is placed on con-
ductor RCCS3 of sequence control cable 4201 which
causes flip-flop CCS3 in sequencer 45CCRS to be SET.

RCCS3=(CCR56) (40CCWE)(2C4)

As a result of sequencer 45CCRS entering sequence state
6, the active signal processor 200 transmits an interrupt
signal to Central Control System 101. A signal is placed
on conductor CCRE of order cable 4209 by OCG circuit
430CG.

CCRE=(CCR6)

This signal is transmitted through OR gate 4905 and OR
gate 4906 to one input of AND gate 4907. The other
inputs to AND gate 4907 are connected by conductors
34SPS and 34AU, respectively, through cable 3720, 4000
and 3308 to flip-flops SPS and AU of flip-flop group
34SC1. Flip-flop AU is SET since signal processor 200
is the active signal processor, Flip-flop SPS is SET as
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described above. Accordingly, signals are present on both
conductors 34SPS and 34AU. In this condition, a signal
is transmitted through AND gate 4907 and through OR
gates 4910 and 4911 to conductors 4913 and 4912, re-
spectively., During time interval 6C8, a signal is placed
on conductor EICG of order cable 4209.

FEICG=(6C8)

The signal on conductor EICG gates the signals on con-
ductors 4913 and 4912 through AND gates 5003 and 5004
to conductors 50SSPT and 50SPSC. These signals are
transmitted via cable 5000 to Central Control System 101.
Central Control System 101 responds to this interrupt
signal by entering a maintenance and diagnostic program
to determine the cause of the trouble giving rise to the
transmission of the interrupt signal from signal proces-
sor 200. L

Sequencer 45CCRS can now be returned to sequence
state 0 only in response to the receipt of a central control
call store command by signal processor 200 from Central
Control System 101 which requires that action take
place only within one or both signal processors of the
signal processor community, Actions requiring com-
munication with Signal Processor Call Store System 172
are inhibited. When register 9CCAR contains such a
central control call store command, decoder 10CCD
places a signal on its output conductor SPRQ as described
previously herein. During the time interval 21C1 follow-
ing the receipt of such a command by signal processor
200, sequencer 45CCRS is returned from sequence state
6 to sequence state 0. OCG circuit 420CG places a signal
on conductor RCCS1 of sequence control cable 4201
which causes flip-flop CCS1 in sequencer 45CCRS to be
RESET.

RCCS1=(CCR60)(21C1) (SPRQ)

While sequencer 45CCRS remains in sequence state 6,
register 9CCAR is RESET during each time interval
14C16 to prepare it for the registration of the next cen-
tral control call store command transmitted from Central
Control System 101.

REAR=(CCRO0156)(14C16)

During the time interval 14C16 following the trans-
mission of the interrupt signal to Central Control System
101 by signal processor 200, flip-flop SPS in flip-flop
group 34SC1 is again RESET by a signal on conductor
RSPS of order cable 4209.

RSPS=(14C16)

However, flip-flop SPS is immediately returned to the SET
condition during the next time interval 20C0 and is SET
during each time interval 20C0 so long as sequencer
45CCRS remains in sequence state 6.

SSPSI=(CCR6) (20C0)

Signal processor 200 is inhibited from performing com-
munications operations with Signal Processor Call Store
System 172 in response to commands from Central Con-
trol System 101. Signal processor 200 remains so inhibited
until such time as a command is received from Central
Control System 101 indicating that communications be-
tween signal processor 200 and Signal Processor Call
Store System 172 may again take place in response to
requests from Central Control System 101. This inhibit-
ing action is accomplished by keeping sequencer 45CCRS
in sequence state 6 until a command requesting that an
internal location within signal processor 200 be read is
received from Central Control System 101, This approach
is based upon two assumptions:

(1) The fault recognition of Central Control System 101
will start with a command requesting signal processor
200 to read a location within itself and transmit the
information to Central Control System 101;

(2) If a command is received from Central Control Sys-
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tem 101 by signal processor 200 to read a location
within itself, this command is most probably the first
step in response to the failure which gave rise to the
aforenoted inhibiting action.

Central control request communication operations
with signal processor 200

In addition to communicating through signal processor
200 with Signal Processor Call Store System 172, Central
Control System 191 can also communicate directly with
internal locations within signal processor 200. This type
of communications operation is initiated in the same way
as the aforedescribed communications operations with
Signal Processor Call Store System 172. Central control
call store commands are registered in register 9CCAR and
decoded by decoder 16CCD to determine the type of
communications operation, if any, required of signal proc-
essor 200. In response to one such command, signal proc-
essor 200 can read information from certain registers and
flip-flop groups within signal processor 200, which in-
formation is returned to Central Control System 101 via
Central Control Call Store Response Bus System 6501. In
response to another such command, signal processor 200
can write data received from Central Control System 101
and stored in register 10CCDR into certain registers and
flip-flop groups within signal processor 200. These com-
munications operations are respectively designated “cen-
tral control request signal processor read operation™ and
“central control request signal processor write operation.”

The make-up and operation of central control request
detection decoder 10CCD has been described earlier here-
in. This description included the Boolean equations de-
fining the content of register 9CCAR which resuits in the
presence of signals on the respective decoder output con-
ductors included in cable 1004. The description further
included the meanings of the respective mnemonic desig-
nations given the conductors of cable 1004. The follow-
ing description will on occasion refer back to this in-
formation previously set forth herein.

Central Control Request Signal Processor Read Oper-
ation—The actions taken by signal processor 200 during
the receipt of a central control call store command are
identical to those described above for the central control
request communications operations with Signal Processor
Call Store System 172, All bit positions of register 9CCAR
are RESET to prepare them to register a central control
call store command.

REAR=(CCRO0156) (14C16)

The appropriate flip-flops in flip-flop group 36CSC are
again assumed to be conditioned so that signal processor
200 accepts central control call store commands from bus
“0” of Bus Sytem 6401.

ROCC=(Bus Choice “0”)
Flip-flop SPS in flip-flop group 34SC1 is RESET.
RSPS=(14C16)

A gating signal is placed on conductor CCAR of order
cable 4209 to gate the central control call store command
from bus “0” of Bus System 6401 to the appropriate bit
positions of register 9CCAR.

CCAR=(CCR0156)(17C19-2C4)

The content of register 9CCAR is decoded by decoder
10CCD which places signals on its respective output con-
ductors which define the type of operation requested by
Central Control System 101.

A central control request signal processor read com-
munications operation is defined by the presence of signals
on the following output conductors of decoder 10CCD;
CCRQ, SPRQ, RNW, and SP6. It may be noted here that
the presence of the term SP6 indicates that information
can be read from only one signal processor of a signal
processor community at a time, Accordingly, the central
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control call store command must be directed specifically
to signal processor 200 as indicated by the command en-
coding presented earlier herein. In addition to the above
conductors, decoder 10CCD places a signal on one of its
output conductors COAR-COCAR which, as described
above, defines the particular register or flip-flop group in
signal processor 200 whose content is to be returned to
Central Control System 101.

If the specified location in signal processor 200 is a
register, decoder 10CCD also places a signal on its output
conductor ORRQ, as described above. '« -

As a result of the presence of signals on the aforenoted
conductors CCRQ, SPRQ and RNW of OCG cable 4600,
signal processor 200 is stopped, the content of register
9CCAR is gated to address parity ‘generator 11APG, cen-
tral control request sequencer 4SCCRS is started and flip-
flop RQF in flip-flop group 40CSE is-RESET. -

SSPSI=(CCRQ)(CCRO15)(0C2)
CCAD=(CCRQ)(CCRO1) (0C2-9C11)
SCCS3=(CCRQ)(CCRO1)(2C4)
RERQF=(CCRO1)(2C4)

Address parity generator 11APG computes parity across
the 15-bit address-code information gated from register
9CCAR as described above. An indication of this com-
putation is provided by a signal on one of the conductors
11SPAP or TISPAP which are connected as inputs to
decoder 10CCD. Decoder 10CCD places a signal on its
output conductor APOK when the address parity com-
puted by address parity generator 11APG matches the
address parity information stored in register 9CCAR,
thereby providing a check that the address parity trans-
mitted from Central Control System 101 matches the
address parity computed across the address-code infor-
mation A14-A0 transmitted from Central Control System
101.

Also, as previously described, decoder 10CCD places
a signal on its output conductor VM when the information
in bit positions HM, GM and CM of register 9CCAR in-
dicates a valid mode of operation.

In the event that a signal is absent from either of the
conductors VM or APOK during time interval 6C8 of
sequence state 1 of sequencer 45CCRS, OCG circuit
420CG places a signal on conductor SXPLRQF of order
cable 4209, :

SXPLRQF=[(VM)+(APOK)1[(SPRQ)
4-(CSRQ)(WNR)](CCRO1)(6C8)

As previously described, this signal causes flip-flop RQF
in flip-flop group 40CSE of signal processor 200 to be SET
and causes the corresponding flip-flop RQF in the other
signal processor of the signal processor community also to
be SET.

As previously described, when flip-flop RQF is SET, se-
quencer 45CCRS is retirned to sequence state O thereby
halting the communications operation being performed.

RCCS3=(CCRO01)(40RQF)(12C14)

In its SET condition, flip-fiop RQF also prevents an all
seems well signal ASWCC from being transmitted to Cen-
tral Control System 101 during a later sequence state
thereby indicating to Central Control System 161 that
trouble has been encountered. »

For purposes of this description it is assumed that the
parity check was successful and that a valid mode is
indicated by the mode bits stored in register 9CCAR.
Accordingly, during the next time interval 12C14, se-
quencer 45CCRS is advanced from sequence state 1 to
sequence state 2. OCG circuit 420CG places a control
signal on conductor SCSS2 of sequence control cable
4201 which causes flip-flop CCS2 in sequencer 45CCRS
to be SET.

SCCS2=(CCRQ) (CCR12) (IDRQF) (12C14)
During time interval 9C18 of sequence states 1 and 2
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of sequencer 45CCRS, OCG circuit 420CG places a sig-
nal on -one of the conductors -AARUB, BRUB, FRUB,
JRUB, KRUB, LRUB,-PRUB, QRUB, XRUB, YRUB,
MIUB,. MEUB, IRUB, ASRUB, CGI1UB, CG2UB,
CSEUB, MCEUB, MACOUB, CSBCUB, NCBCUB,
ESGUB or CARUB of order cable 4209. Selection .of one
of the aforenoted. conductors is made by OCG circuit
420CG in: accordance with,the aforenoted signal from
degoder- 10CCD on ene of its output conduetors COAR-
C(K:AR- . - . S T L

ARUB=(SP6) (RNW)(CCRI12)(COAR)TIC18)
BRUB=(SP6) (RNW){€CR12) (COBR)(9C18)
FRUB=(SP6)(RNW} (CER12) (COFR} (9C18Y e
JRUB=(SP6) (RNW)(CCR12Y(COJR)(9C18y
KRUB=(SP6)(RNW)(CCR12)(COKR)(9C18) -
LRUB=={SP6)(RNW)(CCR12)(COLR)(9C18) ~
PRUB=:(SP6)(RNW)(CCR12)(COPR)(5C18) ~ " ">
QRUB=(5P6) (RNW)(CCRI2Y(COQR}(9C18) *
XRUB=(SP6) (RNW)(CCRI2)(COXR)(9C18} "
YRUB={(SP6)(RNW)(CCR12Y(COYR)(9C18)
MIUB=(SP6)(RNW){CCR12)(COMIR¥(9C18} *" - =
MEUB=(SP6Y(RNW) (CCR12) (COMER){SC18}
IRUB={(SP6Y(RNW)(CCR12)(COIR) (9C18) "
ASRUB=(SP6)(RNW)(CCR12)(COASR)(9C18)
CGTUB=(SP6) (RNW)(CCRI12){COCG1)(9C18)"
CG2UB=(SP6)(RNW){(CCRI2Y{COCG2)(9C18)
CSEUB=(SP6) (RNW)(CCR12){(COCSE) (9C18)
MCEUB=(SP6) (RNW)(CCR12)(COMCE) (9C18)
MACOUB=(5P6){RNW)(CCR12)(COMAT)(9C18)
CSBCUB=(SP6) (RNW)(CCR12)(COCSB)(9C18)
NCBCUB=(SP6)(RNW) (CCR12)(CONCB){9C18)
ESGUB={(SP6)}{RNW)(CCRI12)(COESG)(9C18) -
CARUB=(SP6)(RNW){CCR12)(COCAR)(9C18)

Each of the aforenoted conductors of order cable 4209
is associated with a specific register or flip-flop group in
signal. processor 200. In response to a gating signal on
one of these conductors, the content of the associated
register or flip-flop group is gated to unmasked bus 30UB.
The respective bit positions of unmasked bus 30UB to
which this information is gated are indicated on  the
drawing. For example, in response to a gating signal on
conductor CSBCUB of order cable 4209, AND gates
3602 are enabled and each of the flip-flops in flip-flop
group 36CSC is gated to a corresponding bit position
UB9-UBO of unmasked bus 30UB. .

The information placed on unmasked bus 30UB is
gated from cable 3021 through AND gates 1005 and
OR gates 1001 to bit positions CCD22-CCDO0 of register
10CCRD in response to a signal on conductor UBDR
of order cable 4209. This signal is generated during time
interval 9C16 of sequence states 1 and 2 of sequencer
45CCRS.

UBDR=(SPRQ)(RNW)(CCRI12)(VAAD)}(3C16)

Accordingly, the content of the register ‘or flip-flop group
specified in the central control call store command to
signal processor 200 is now stored in register 10CCDR.

During time interval 14C16, flip-flop SPS in flip-flop
group 34SC1 is RESET by a signal on canductor RSPS
of order cable 4209.from OCG circuit 420CG.

RSPS=(14C16)

During the next time interval 2C4, sequencer 45CCRS
is advanced from sequence state 2 to sequence state 3.
OCG circuit 420CG-places a control signal on conductor
RCCS3 of sequence control cable 4201 which causes
flip-flop CCS3 in sequencer 45CRS to be RESET.

RCCS3=(CCR23)(SPRQ)(2C4)

During time interval 6C8 of sequence state 3 of se-
quencer 45CCRS, the content of bit positions CCD23~
CCDO of register 10CCD is gated via buffer bus 10BB
and cable 1912 through bus selection gates 4100 to Bus
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System 6501, whereby it is transmitted to Central Control
System 101. During a central control request signal proc-
essor read operation, only one signal processor of the
community is read. This signal processor returns informa-
tion to Central Control System 101 over both buses
“0” and “1” of Central Control Call Store Response Bus
System 6501. Accordingly, OCG circuit 420CG ener-
gizes both conductors SOCC and SI1CC or order cable
4209.

S0CC=(5P6)(CCR23) (RNW) (36TBIL0)

S1CC=(SP6)(CCR23)(RNW) (367 BI1)

OCG circuit 420CG also places a gating signal on con-
ductor DRCC of order cable 4209,

DRCC=(5P6)(RNW)(CCR23)(6C8)

These signals gate the information CCD23-CCDO on
cable 1912 through AND gates 4101, amplifiers 4107
and pickoff transformers 4109 to corresponding con-
ductor pairs of bus “0” of Bus System 6501 and through
AND gates 4104, amplifiers 4108 and pickoff trans-
formers 4110 to corresponding conductor pairs of bus “1”
of Bus System 6501. The signals on conductors SOCC
and SICC of order cable 4209 are respectively gated
through AND gates 4103 and 4106 and transmitted via
buses “0” and “1” of Bus System 6501 as synchronizing
pulses SPSYNC.

During the same time interval 6C8, OCG circuit
420CG places a signal on conductor ASWCC of order
cable 4209 which is transmitted through AND gate 4102
as an all-seems-well signal to Central Control System 101
which verifies the successful completion of this com-
munications operation by signal processor 200.

ASWCC=(SPRQ)(VM)(CCR23)(RNW)
(APOK)(6C8)

This signal is not sent if trouble was encountered during
this communications operation since sequencer 45CCRS
would not have entered sequence state 3 but would have
returned from sequence state 1 to sequence state 0.

If no all-seems-well signal ASWCC is received by Cen-
tral Control System 101, Central Control System 101
proceeds in the same manner as it would in the absence
of an all-seems-well signal from a response by Central
Control Call Store System 103. These actions were de-
scribed in the aforenoted Doblmaier et al. application.

During the next time interval 12C14, sequencer
45CCRS is returned to sequence state 0, as previously
described.

RCCS2=(CCR03)(12C14)

During time interval 14C16, while sequencer 45CCRS
remains in sequence state 0, all bit positions of register
9CCAR are RESET to prepare register 9CCAR for regis-
tration of the next central control call store command
transmitted from Central Control System 101,

As later described herein, as a result of flip-flop SPS
being placed in 2 RESET condition during sequence state
2 of sequencer 45CCRS, the T pulse group will again
be derived by clock circuit 47CLK. The first T pulse to
be derived will be the time interval 2T4 which corresponds
to the next time interval 2C4, during which sequencer
45CCRS is advanced to sequence state 3. Accordingly, at
this time signal processor 200 returns to its independent
programmed operation.

Central Control Request Signal Processor Write Com-
maunications Operation.—As noted above, while sequencer
4S5CCRS is in sequence state 0, register 9CCAR is RESET
during time interval 14C16 of each machine cycle. This
is accomplished by a signal on conductor REAR of order
cable 4209,

REAR=(CCRO0156)(14C16)

The actions taken by signal processor 200 in accepting a
central control call store command from Central Control
Call Store Address Bus System 6401 have been described

10

15

20

25

30

35

40

45

60

114

earlier herein. The following Boolean expressions define
the actions taken in accepting the command and storing it
in register 9CCAR.

ROCC=(Bus Choice “0”)
CCAR=(CCRO0156)(17C19-2C4)

The content of register 9CCAR is again decoded by de-
coder 10CCD which places signals on the following con-
ductors of OCG cable 4600 to define the requested opera-
tion as a central control requested sigmal processor write
operation: CCRQ, SPRQ and WNR. Absence of the term
SP6 from this list of conductors indicates that Central
Control System 101 can write simultaneously into internal
locations within both signal processors of a signal proces-
sor community. To indicate that the central control call
store command specifies a valid mode of operation, de-
coder 10CCD places a signal on its output conductor VM.
To indicate the register or flip-flop group in signal proces-
sor 200 in which it is desired to place information, decoder
10CCD places a signal on one of its output conductors
COAR-COMAT. The encoding of the content of register
9CCAR giving rise to the presence of signals on the afore-
noted conductors is set forth earlier herein with the de-
scription of decoder 10CCD.

As a result of the presence of signals on the aforenoted
conductors CCRQ, SPRQ and WNR of OCG cable 4600,
signal processor 200 is stopped, the content of register
9CCAR is gated to address parity generator 11APG, cen-
tral control request sequencer 45CCRS is started, flip-flop
RQF in flip-flop group 40CSE is RESET, and all bit posi-
tions of register 10CCDR are RESET, These actions have
been described earlier herein.

SSPS=(CCRQ)(CCR015)(0C2)
CCAD=(CCRQ)(CCRO1) (0C2-9C11)
SCCS3=(CRQ)(CCRO1)(2C4)
REDR=(CCRQ)(CCRO15) (WNR) (2C4)
RERQF=(CCRO01)(2C4)

During time interval 4C6 of sequence state 1 of se-
quencer 45CCRS, the data D23-DO0 received through bus
selection gates 400 from Central Control Call Store Write
Data Bus System 6402 is gated to bit positions CCD23~
CCDO of register 10CCDR. This action was described
earlier herein.

CCDR={(CCRQ)(CCRO015)(WNR)(4C6-9C11)

The parity of the address-code information CCA14—
CCAO is computed by address parity generator 11APG
and compared by decoder 106CCD with the parity informa-
tion stored in bit position AP of register 9CCAR. If the
two parity indications match, decoder 10CCOD places a
signal on its output condutor APOK.

In the event that a signal is absent from either of the
conductors VM or APOK during time interval 6C8 of
sequence state 1 of sequencer 45CCRS, flip-flop RQF in
flip-flop group 40CSE of signal processor 200 is SET and
its corresponding flip-flop RQF in the other signal proces-
sor of the signal processor community is also SET.

SXPLRQF=[(VH)+-(APOR)1[(SPRQ)
+(CSRQ)(WNR)I(CCR01) (6C8)

During the same time interval 6C8, an all-seems-well
signal ASWCC is returned to Central Control System 101
if the parity check and the mode check have been success-
ful. OCG circuit 420CG places a signal on conductor
ASWCC of order cable 4209 which is transmitted to Cen-
tral Control System 101 as an all-seems-well signal.

ASWCC=[(CCRQ)(VM)(CCRO1)(APOK)
(WNR)+(SPRQ)(VM)(CCR23)
(RNW)(APOK)+(CSRQ) (NWNR)
(CCASWI)(CCR23)1(6C8)

If register 13IR has been specified as the register in
which information is to be placed during this communica-
tions operation by a signal from decoder 10CCD on its



3,408,628

115

output conductor COIR, all bit positions IR22-1R0 of
register 13IR must be RESET since information will be
placed therein on a single rail basis during time interval
9C11 of sequence state 1 of sequencer 45CCRS. OCG
circuit 420CG places a control signal on conductor REIR
of order cable 4209 which causes all bit positions IR22—
IRO of register 13IR to be RESET.

REIR=(CCR12)(WNR)(SPRQ)(COIR)(9C11}

If flip-flop RQF in flip-flop group 40CSE was SET to in-
dicate a parity or mode check failure, sequencer 45SCCRS
is returned to sequence state 0 thereby halting the com-
munications operation being performed.

RCCS3=(CCRO1)(40RQF)(12C14)

However if flip-flop RQF was not set, sequencer 4SCCRS
is advanced from sequence state 1 to sequence state 2
during the next time interval 12T14.

SCCS2=(CCRQ)(CCRI12)(40R(F)(12C14)

1f register 13IR has been designated by decoder 10CCD
as the destination of the information from Central Con-
trol System 101, during time interval 14C16 of sequence
state 2 of sequencer 45CCRS OCG circuit 420CG places
a gating signal on conductor CCIR of order cable 4209.

CCIR=(SPRQ)(CCR12)(WNR)(COIR)(14C16)

In response to this signal, the information on bits positions
CCD22-CCDO of buffer bus 10BB is gated from cable
3325 through AND gates 1302 and OR gates 1304 to bit
positions IR22-IR0 of register 13IR. The information on
buffer bus 10BB is supplied by register 16CCDR which
contains the data previously transmitted from Central
Control System 101.

If the destination specified by decoder 16CCD for the
information received from Central Control System 101 is
any of the other registers in signal processor 200, decoder
10CCD has also placed a signal on its output conductor
ORRQ. In response to this signal, during time interval
9C18 of sequence states 1 and 2 of sequencer 45CCRS,
OCG circuit 420CG places a gating signal on conductor
DRMB of order cable 4209,

DRMB=(SPRQ)(CCRI12)(WNR)(ORRQ)(9C18)

In response to this signal, the information on buffer bus
10BB is gated through combination logic 30CBL to masked
bus 30MB. During time interval 9C16 of sequence states
1 and 2 of sequencer 45CCRS, OCG circuit 420CG places
a gating signal on one of the conductors MBAR, MBBR,
MBFR, MBJR, MBKR, MBLR, MBPR, MBQR, MBXR,
MBYR or MBME of order cable 4209. Selection of one
of these conductors is made in accordance with the afore-
noted signal from decoder 10CCD on one of its output
conductors COAR-COMER.

MBAR—(SPRQ)(CCR12) (WNR)(COAR)(9C16)
MBBR=(SPRQ)(CCR12) (WNR)(COBR)(9C16)
MBFR=(SPRQ)(CCR12) (WNR)(COFR)(9C16)
MBIR=(SPRQ)(CCR12) (WNR)(COJR) (9C16)

MBKR=(SPRQ)(CCR12)(WNR)(COKR)(9C16)
MBLR=(SPRQ){CCR12)(WNR)(COLR)(9C16)
MBPR—(SPRQ)(CCR12) (WNR)(COPR)(9C16)
MBOR—=(SPRQ)(CCR12)(WNR)(COQR)(9C16)
MBXR=—(SPRQ)(CCR12)(WNR)(COXR)(9C16)
MBYR=(SPRQ)(CCR12)(WNR)(COYR)(9C16)
MBME—(SPRQ)(CCR12) (WNR)(COMER)(9C16)

In response to this signal, the information on masked bus
30MB is gated into the register associated with the ener-
gized gating conductor MBAR-MBME of order cable
4209. For example, a signal on conductor MBME of order
cable 4209 gates the information on masked bus 30MB
through AND gates 2711 and OR gates 2714 to register
27EMR.

If the information transmitied from Central Control
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System 101 is to be written into one of the flip-flop groups
rather than one of the registers in signal processor 200,
the content of register 10CCDR is not placed on masked
bus 30MB but rather is gated directly from buffer bus
10BB to the specified flip-flop group. During time interval
14C16 of sequence state 2 of sequencer 45CCRS, OCG
circuit 420CG places a signal on one of the conductors
CCCG1, CCCG2, CCNCBC, CCCSBC, CCESG, CCMCS
or CCMCA of order cable 4209. The selection of one of
these conductors is made in accordance with the afore-
noted signal from decoder 10CCD defining the destina-
tion of the information received from Central Control
Systen 101. ’

CCCG1=(SPRQ) (WNR)(CCR12)(COCG1)(14C16)
CCCG2=(SPRQ) (WNR)(CCR12)(COCG2)(14C16)
CCNCBC=(SPRQ)(WNR)(CCR12)
(CONCB)(14C16)
CCCSBC=(SPRQ)(WNR)(CCR12)

(COCSB) (14C16)
CCESG=(SPRQ)(WNR)(CCR12)(COESG)(14C16)
CCMCS=(SPRQ) (WNR)(CCR12) (COMAT)

(3TAT) (14C16)
CCMCA=(SPRQ)(WNR)(CCR12)(COMAT)
(334T) (14C16)

In response to this signal, the information on buffer bus
10BB which represents the contents of register 16CCDR
is gated to particular flip-flops in the specified flip-flop
group. For example, a signal on conductors CCNCBC
gates the information oa bit positions CCD17-CCDO of
buffer bus 10BB through AND gates 3501 to flip-flops
OL2, OL1, SCBB, SCBA, PMBM, PBMA, CDMB,
CDMA and CPDB in flip-flop group 35NTC.

A special provision is made when information is to be
written into match control flip-flop group 3IMAC. As de-
scribed later herein, the manner in which information is
placed in flip-flop group 31MAC depends upon the active
or standby status of the particular signal processor since
certain flip-flops in flip-flop group 31MAC of an active
signal processor must be conditioned identically with cer-
tain other flip-flops in flip-flop group 31MAC of the other
signal processor of the signal processor community. Ac-
cordingly, two gating leads CCMCA and CCMCS are pro-
vided for gating information into flip-flop group 31MAC
the energization of which depends upon the active or
standby status of signal processor 200,

If a signal is detected from decoder 10CCD on its out-
put conductor COCSE, OCG circuit 420CG places a con-
trol signal on conductor REEC of order cable 4209 which
causes the S-cell binary counter 3901 in flip-flop group
39CSE to be RESET to the zero condition. This action is
taken during time interval 14C16 of sequence state 2 of
sequencer 4SCCRS.

REEC=(SPRQ)(WNR)(CCRI12)(COCSE)(14C16)

During the next time interval 14C16, flip-flop SPS in
flip-flop group 34SC1 is RESET by a signal on conductor
RSPS of order cable 4209.

RSPS=(14C16)

As previously described, when flip-flop SPS is RESET
clock pulses in the T pulse group will again be generated
by microsecond clock 47CLK starting with the next time
interval 2T4.

During the next time interval 2C4, sequencer 45CCRS
is advanced from sequence state 2 to sequence state 3.
OCG circuit 420CG places a control signal on conductor
RCCS3 of sequence control cable 4201 which causes flip-
flop CCS3 in sequencer 45CCRS to be RESET.

RCCS3=(CCR23)(SPRQ)(2C4)

During the next time interval 12C14, sequencer
45CCRS is returned from sequence state 3 to sequence
state 0, as previously described.
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RCCS2=(CCR03)(12C14)

Register 9CCAR is then RESET in preparation for the
receipt of the next central control call store command
from Central Control System 101.

REAR=(CCRO0156)(14C16)

Central Control Request Signal Processor Match Cir-
cuit Write Operation.—This operation is used to place
information in register 27IMR. Register 27IMR is not
directly accessible from masked bus 30MB. Therefore a
special operational sequence is needed to place informa-
tion therein. As noted previously herein, while sequencer
45CCRS is in sequence state 0, register 9CCAR is RESET
during time interval 14C16 of each machine cycle. This
is accomplished by a signal on conductor REAR of order
cable 4209.

REAR=(CCR0156)(14C16)

The actions taken by signal processor 200 in accepting
a central control call store command from Central Con-
trol Call Store Address Bus System 6401 was described
earlier herein. The following Boolean expressions define
the actions taken by signal processor 200 in accepting
the command and storing it in register 9CCAR.

ROCC=(Bus Choice “0"”)
CCAR=(CCRO0156)(17C19-2C4)

The content of register $CCAR is again decoded by
decoder 10CCD which places signals on the following
conductors of OCG cable 4600 to define the requested
operation as a central control requested signal processor
match circuit write operations; CCRQ, SPRQ, WNR,
COMIR, ORRQ, and VM. The encoding of the content
of register 9CCAR giving rise to the presence of signals
on the aforenoted conductors is set forth earlier herein
with the description of decoder 10CCD.

As a result of the presence of signals on the aforenoted
conductors CCRQ, SPRQ, and WNR of OCG cable 4600,
signal processor 200 is stopped, the content of register
9CCAR is gated to address parity gemerator 11APG,
sequencer 45CCRS is started, flip-flop RQF in flip-flop
group 40CSR is RESET and register 106CCDR is RESET
in preparation for reception of data from Central Control
System 101. The following Boolean expressions define
the action taken by signal processor 200 to complete
the aforenoted functions:

CCAD=(CCRQ)(CCRO1) (0C2-9C11)
SCCS3=(CCRQ)(CCRO1) (2C4)
RERQF=(CCR01) (2C4)
REDR=(CCRQ)(CCRO15) (WNR)(2C4)

During time interval 4C6 of sequence state 1 of se-
quencer 45CCRS, OCG circuit 420CG places a gating
signal on conductor CCDR of order cable 4209. This
signal is continually applied until time interval 9C11,

CCDR=(CCRQ)(CCRO15) (WNR) (4C6-9C11)

As previously described, this gating signal gates the in-
formation transmitted from Central Control System 101
by way of Bus System 6402 into register 106CCDR of
signal processor 200, Accordingly, the information com-
prising bits D23-DO0 transmitted from Central Control
System 101 is now stored in register 10CCDR.

As previously described herein, address parity genera-
tor 11APG computes parity across the 15-bit address-code
information A14-A0 stored in register 9CCAR. The parity
information thus computed is compared by decoder
10CCD with the information in bit position AP of regis-
ter 9CCAR to insure that plausible information has been
received. If the two parity indications match, decoder
10CCOD energizes its output conductor APOK.

In the event that a signal is absent from either of the
conductors VM or APOK during time interval 6C8 of
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sequence state 1 of sequencer 45CCRS, OCG circuit
420CG places a signal on conductor SXPLRQF of order
cable 4209.

SXPLRQF=[(VM)4-(APOK)1{(SPRQ)
+(CSRQ)(WNR)1(CCRO1) (6CR)

As previously described, this signal will cause flip-flop
RQF in flip-flop group 40CSE of signal processor 200
to be SET and will cause the corresponding flip-flop RQF
in the other signal processor of this signal processor
community to be SET. As noted earlier herein, when
flip-flop RQF is in a SET condition signal processor 200
will not advance from sequence state 1 to sequence state
2 but rather will return from sequence state 1 to sequence
state 0 to await a further command from Central Con-
trol System 101.

Absence of a signal from decoder 10CCD either on
conductor VM or on conductor APOK will inhibit the
generation of an all-seems-well signal ASWCC by signal
processor 200. If, however, signals are present on both
of the conductors VM and APOK, OCG circuit 420CG
places a signal on conductor ASWCC of order cable
4209 during time interval 6C8 of sequence state 1 of
sequencer 45CCRS.

ASWCC=(CCRQ)(CCRO01)
(VM) (APOK)(WNR)(6C8)

This signal is transmitted, as previously described, to
Central Control System 101 as an all-seems-well signal
ASWCC. Assuming that flip-flop RQF in flip-flop group
40CSE remains in a RESET condition, thereby indicat-
ing a successful parity check and the receipt of valid mode
information from Central Control System 101, OCG
circuit 420CG places a control signal on conductor
REMI of order cable 4209 during time interval 9T11 of
sequence state 1 of sequencer 45CCRS,

REMI=(SPRQ)(WNR)(CCR12)
(COMIR) (30RQF) (9C11)

In response to this signal, all bit positions IMR22-IMRO
of register 27IMR are RESET,

During the next time interval 12C14, sequencer
45CCRS is advanced from sequence state 1 to sequence
state 2. OCG circuit 420CG places a control signal on
conductor SCCS2 of sequence control cable 4201 which
causes flip-flop CCS2 in sequencer 45CCRS to be SET.

SCCS2=(CCRQ)(CCRI12)(40RQF) (12C14)

During time interval 9C18 of sequence states 1 and 2
of sequencer 45CCRS, OCG circuit 420CG places a
gating signal on conductor DRMB of order cable 4209,

DRMB=(SPRQ){(CCRI12)(WNR)(ORRQ)(9C18)

In response to this signal, the information on buffer bus
10BB is gated through combination logic 30CBL to
masked bus 30MB. Accordingly, the information in bit
positions CCD22-CCDO of register 16CCDR is now
present on bit positions MB22-MBO of masked bus 30MB.
During the same time interval 9C18, OCG circuit 420CG
places a gating signal on conductor MBMA of order
cable 4209,

MBMA=(SPRQ)(CCR12)}(WNR)(COMIR)(9C18)

In response to this signal, the information on bit positions
MB22-MBO of masked bus 30MB is gated through AND
gates 2810 to bit positions IMB22-IMBO of internal match
bus 27IMB. During time interval 14C16 of sequence state
2 of sequencer 45CCRS, OCG circuit 420CG places a
gating signal on conductor MAMI of order cable 4209.

MAMI=(SPRQ)(CCR12){(WNR)(COMIR)(14C16)

In response to this signal, the information on internal
match bus 27IMB is gated through AND gates 2702 to
bit positions IMR22-IMRO of register 27IMR. Accord-
ingly, the information received from Central Control
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System 101 by register 10CCDR is now stored in internal
match register 27IMR.
During the same time interval 14C16 of sequence state
2, flip-flop SPS in flip-flop group 34SC1 is RESET by a
signal on conductor RSPS of order cable 4209.

RSPS—=(14C16)

During the next time interval 2C4, sequencer 45CCRS
is advanced from sequence state 2 to sequence state 3
as previously described.

RCCS83=(CCR23)(SPRQ)(2C4)

Microsecond clock 47CLK generates clock pulse 2T4 cor-
responding to the above clock pulse 2C4 since flip-flop
SPS was RESET as described above.

During the next time interval 12C14, sequencer 4SCCRS
is returned from sequence state 3 to sequence state 0 as
previously described.

RCCS2=(CCR03)(12C14)

Register 9CCAR is then RESET in preparation for the
receipt of the next central control call store command
from Central Control System 101.

REAR=(CCRO0156)(14C16)

Central pulse distributor and network communications
with signal processor 200

The control of Switching Network 120, Central Pulse
Distributor System 143, Master Scanner System 144 and
other miscellanecus network command units 174 is ac-
complished by Signal Processor System 171 in accordance
with its program of machine instructions by the genera-
tion and transmission of commands to the appropriate unit
of the switching system. These commands are employed to
control units of the switching system in their performance
of both telephone and maintenance functions.

Several of the machine instructions executed by signal
processor 200 require the transmission of control signals
to Central Pulse Distributor System 143. These control
signals are designated herein as “CPD commands.” The
execution of some of these machine instructions by signal
processor 200 also require the transmission of control
signals on Network Command Bus System 6406. Execu-
tion of each of these machine instructions is described
in detail later herein. These control signals are designated
herein as “network commands.” Network commands are
transmitted to all portions of Switching Network 120 as
well as to other system units connected to Network Com-
mand Bus System 6406. For convenience, those system
units which are controlled by way of Network Command
Bus System 6406 are termed “network command units”
herein. In FIG. 1 of the drawing, Bus System 6406 is
represented by communications path 104 which provides
a common highway for network commands transmitted
from either Central Control System 101 or Signal Proces-
sor System 171 to the various network command units of
the switching system.

As described in the aforenoted Doblmaier et al. patent
application, CPD commands are employed individually to
initiate particular system actions controlled by signals
transmitted over the bipolar and unipolar cables 6700
and 6703, and are also employed in association with each
network command to designate the particular network
command unit which is to respond to the network com-
mand by means of signals transmitted over the enable-
verify cable 111. The generation and transmission of CPD
commands by Signal Processor System 171 is substantially
identical to the generation of CPD command by Central
Control System 101, which is described in the aforenoted
Doblmaier et al, patent appplication. Accordingly, a rela-
tively brief description thereof is given herein.

The actions of signal processor 200 during its generation
and transmission of CPD commands and network com-
mands are controlled by network command sequencer
44NCS. Sequencer 44NCS was described earlier herein in
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association with the control area of signal processor 200,
1t is advanced, as previously described, through a plurality
of sequence states defining time intervals during which
particular gating actions are performed within signal proc-
essor 200 in association with the generation and transmis-
sion of CPD commands and network commands.

CPD Command Gating Actions.—As described in the
aforenoted Doblmaier et al. patent application, the infor-
'mation required to control Central Pulse Distributor Sys-
tem 143 is transmitted in three successive waves, each
separated by an interval of 1.25 microseconds. The first
wave of information specifies from which of the busses
“0” or “1” of CPD Address Bus System 6405 informa-
tion is to be accepted by the central pulse distributors of
Central Pulse Distributor System 143. This bus choice
information is determined by the state of flip-flops CPDB
and OL1 in flip-fiop group 35NTC. A table defining the
derivation of bus choice information from the condition
of these flip-flops was set forth earlier herein in the descrip-
tion of central pulse distributor bus selection gate circuits
700 and 1600. According to the choice of bus, as deter-
mined from the aforenoted table, OCG circuit 420CG
places a signal on one of the conductors CPDBCO and
CPDBC1 of order cable 4209. This signal is transmitted
through amplifier-inverters 1610 and transformers 1614
to the CPD bus choice bus 6405 which is connected to
Central Pulse Distributor System 143. This bus choice
control signal is generated during the same time interval
2T4 that network command sequencer 44NCS is first in-
dexed. Accordingly, the system conditions necessary for
the generation of a CPD bus choice signal include those
required for the initial indexing of sequencer 44NCS.

CPDBCO=(Bus Choice “0”) (SNCSQ) (NC501
+NCS14)(2T4)

CPDBC1=(Bus Choice “1”) (SNCSQ) (NCS01
+NCS514)(2T4)

The second wave of information included in a CPD
command is the CPD address, which consists of signals to
be translated by Central Pulse Distributor System 143 into
a half-microsecond output pulse appearing on a selected
unipolar or bipolar output of a particular central pulse
distributor within Central Pulse Distributor System 143.
The generation of the CPD address is most usually ac-
complished by the CPD translator 25CPDT in response
to the binary representation of the CPD address appear-
ing in certain bit positions of register 25FR. The CPD
address may also be generated directly from information
stored in particular bit positions of registers 24PR and
20KR when address signals defining special test or control
operations must be transmitted to Central Pulse Dis-
tributor System 143. The determination of the manner in
which the CPD address is generated is predicated on the
condition of flip-flops FINH and SCR in network com-
mand bus control flip-flop group 3SNTC.

Flip-flops SCR and FINH are conditioned (SET or
RESET) during time interval 3T5 of sequence state 1 of
sequencer 44NCS in accordance with the particular ma-
chine instruction being executed and with certain ob-
served D-C conditions specified by that machine instruc-
tion. The specific system conditions under which flip-flops
SCR and FINH are conditioned will be described later
herein during the respective descriptions of the execution
of each machine instruction. Generally speaking, flip-flop
SCR is SET whenever a response is expected from a
scanner by way of Scanner Answer Bus System 6600.
Flip-flop FINH is usually SET for CPD command oper-
ations not associated with network commands, except when
network commands are directed to a scanner.

In the most usual situation, wherein the CPD address is
derived from the content of register 25FR, the information
in bit positions FR22-FR14 is utilized to select the output
point of a central pulse distributor in Central Pulse Dis-
tributor System 143, The information in bit position FR9
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of register 29FR specifies which half of a central pulse
distributor is to be used if a bipolar output signal is re-
quired. Accordingly, the content of bit positions FR22~
FR14 and FRY is transmitted to CPD translator 25CPDT.
This information is translated by translator 25CPDT into
a CPD address. This CPD address, which comprises bits
C15-C0, B7-B0 and A7-A0, is transmitted over cable
2508 through OR gates 2507 to cable 2509 which is con-
nected to bus selection gates 1600.

During time interval 7T9 of sequence state 1 of se-
quencer 44NCS, the CPD address is transmitted to Central
Pulse Distributor System 143 via one of the busses “0” or
“1” of the CPD Address Bus System 6403. The selection
of the bus, “0” or “1,” of Bus Systemn 6403 over which
the CPD address is transmitted is made in accordance
with the tahle set forth previously herein during the
description of CPD address bus selection gates 1600. OCG
circuit 420CG places a gating signal on one of the con-
ductors AOB or A1B of order cable 4209 in accordance
with the bus choice information. The Boolean equations
defining the system conditions under which gating signals
are placed on conductors AOB and A1B of order cable
4209 were presented earlier during the description of
CPD address bus selection gates 1630. The CPD address
information C15-A0 is thus gated from cable 2509
through AND gates 1601 or 1603 and transmitted through
inverter amplifiers 1612 or 1613 and transformers 1616
or 1617 to the appropriate conductor pairs of bus “0” or
“1” of CPD Address Bus System 6403,

Conductor 25CPDG, which serves as a control lead for
translator 25CPDT, is energized whenever the content of
register 25FR is not to be used for generating the CPD
address. This condition is determined by means of AND
gate 2513, the inputs of which define the condition of
flip-flop FINH and the information in bit positions FR9—~
FR7 of register 25FR.

25CPDG=(35FINH)(FR9)(FRR) (FR7)

When conductor 25CPDG -is energized by AND gate
2513, the CPD address or the special signals TEST or
RESET are derived from information obtained directly
from portions of the content of registers 24PR and 20KR.
The content of bit positions FR9-FR7 of register 25FR is
placed on cable 2503. The content of bit positions KR17—
KRO of register 20KR, as reflected by the conductors of
cable 2009, is gated through AND gate 2511 and utilized
as a portion of a CPD address or a special TEST or
RESET control signal. The content of bit positions PR15-
PRO, as indicated by the conductors of cable 2410, is
gated through AND gates 2512 to serve as the other por-
tion of a CPD address. The CPD address information thus
derived is transmitted through OR gates 2507 to cable
2509 which is connected to bus selection gates 1600. The
TEST or RESET information is placed on cable 2510
which also is connected to bus selection gates 1600. This
information is then transmitted to Central Pulse Dis-
tributor System 143 by way of CPD Address Bus System
6403 as described above.

Conductor D of order cable 4209, which is connected
as an input to translator 25CPDT, is energized by OCG
circuit 420CG when system conditions indicate that
bipolar output signals are required from Central Pulse
Distributor System 143. This condition is indicated by
the presence of signals on the output conductors 35FINKH
and 358CR from flip-flops FINH and SCR. Accordingly,
OCG circuit 420CG places a signal on conductor D of
order cable 4209 when flip-flop FINH is SET and flip-flop
SCR is RESET.

D= (35FINH) (358CF)
When a signal is present on conductor D of order cable
4209, translator 25CPDT utilizes the content of bit posi-
tion FR9 of register 25FR to determine from which half
of a central pulse distributor the bipolar output signal
is to be transmitted.
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The third wave of information included in a CPD
command specifies from which of the sixteen permissible
central pulse distributors in Central Pulse Distributor
System 143 the required unipolar or bipolar output signal
is to be generated. This information is termed an
“execute” signal and is derived from the information in
bit positions FR13-FR10 of register 25FR by CPD trans-
lator 25CPDT. CPD translator 25CPDT places a signal
on one of its output conductors EX15-EX0 which are
connected through cable 2506 to AND gates 1620. During
the time interval 12T14, as sequencer 44NCS is being
advanced from sequence state 1 to sequence state 2, a
signal is placed on conductor CPDEX of order cable 4209
by OCG circuit 420CG.

CPDEX=(12T14)(NCS12)(mode indication)

The presence of a signal on conductor CPDEX gates the
execute signal from cable 2506 through AND gates 1620.
The execute signal is then transmitted through inverter
amplifiers 1611 and transformers 1615 to a conductor of
CPD execute cable 6404 which is connected to Central
Pulse Distributor System 143. The execute signal is trans-
mitted from only one of the signal processors within a
signal processor community. Accordingly, the system
conditions under which an execute signal is transmitted
by signal processor 200 must include an appropriate
indication of the mode of operation in which the signal
processor community is presently operating.

In response to the aforenoted bus choice, CPD address
and execute signals received from signal processor 200,
Central Pulse Distributor System 143 generates an out-
put pulse on the selected unipolar or bipolar output point.
Additionally, Central Pulse Distributor System 143 gen-
erates maintenance signals which are transmitted back
to signal processor 200 to permit a check on the execution
of the CPD command. These signals comprise the execute-
response signals EXR15-EXR0 which are transmitted
via Execute-Response Bus System 6502, an all-seems-well
signal ASWCPD transmitted via CPD Verify Bus System
6704, and CPD maintenance signals APAR, BPAR,
CPAR and MI which are transmitted via CPD main-
tenance response bus 6904,

The execute-response signals EXR15-EXR0 appear as
half-microsecond pulses on the execute-response bus 6502
and are transmitted through transformers 1706 and am-
plifiers 1704 to cable 1702. During time interval 9T11
of sequence state 1 of sequencer 44NCS, OCG circuit
420CG places a signal on conductor REDE of order
cable 4209. This signal on conductor REDE causes the
flip-flops PCC, PCB, PCA, MCE, ASWCPD and EXR15—
EXRO in the CPD command maintenance summary flip-
flop group 26CPDM to be RESET.

REDE=(NCS12)(9T11)

This prepares flip-flop group 26CPDM to register the
execute-response signals and maintenance signals returned
from Central Pulse Distributor System 143.

During time interval 11T13 of sequence state 1 of
sequencer 44NCS, OCG circuit 420CG places a gating
signal on conductor CPDEW of order cable 4209. This
gating signal remains on conductor CPDEW until time
interval 4Cé of sequence state 3 of sequencer 44NCS.
Accordingly, the gating signal is present on conductor
CPDEW for approximately 3.75 microseconds.

CPDEW=[(NCS12)+(NCS23)1(11T13-4C6)

The gating signal on conductor CPDEW gates the execute-
response information EXR15-EXR0 from cable 1702
through AND gates 2601 to condition the respective flip-
flops EXR15-EXRO of flipflop group 26CPDM. The
all-seems-well signal ASWCPD returned by Central Pulse
Distributor System 143 to signal processor 200 is received
from CPD Verify Bus System 6704 through bus selection
gates 700 and appears as a signal on conductor 7JASWCPD
of cable 5§13, The signal on conductor 7JASWCPD of
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cable 513 is gated through AND gates 2602 when a
signal is present on conductor CPDEW, as described
above. This signal causes flip-flop ASWCPD in flip-flop
group 26CPDM to be SET. The maintenance-response
signals APAR, BPAR, CPAR and MI transmitted from
Central Pulse Distributor System 143 to signal processor
200 are received from CPD maintenance-response bus
6904 through transformers 1707 and amplifiers 1703 and
appear as signals on the conductors of cable 1701. When
a signal is present on conductor CPDEW of order cable
4209 as described above, signals on conductors APAR,
BPAR, CPAR and MI of cable 1701 are gated through
AND gates 2602 and cause flip-flops PCA, PCB, PCC
and MCE in flipfiop group 26CPDM respectively to be
SET.

Execute matcher 26EM matches the information stored
by flip-flops EX15-EXO0 in flip-flop group 26CPDM with
the execute signal information generated from translator
25CPDT on its output conductors EX15-EX0. The con-
tent of flipflops EXR15-EXR0O of flip-flop group
26CPDM represents the execute-response information
transmitted from Centra] Pulse Distributor System 143.
The execute information EX15-EX0 is sent through cable
2506 to execute matcher 26EM. The execute-response
information EXR15-EXRO is fed through cable 2606 to
execute matcher 26EM. If the execute information EX15-
EXO0 does not match the execute-response information
EXR15-EXRO0, execute matcher 26EM places a signal on
its output conductor 26CPDEM.

26CPDEM—Mismatch between (EX15-EX0) and
(EXR15-EXR0)

During time interval 21C1 of sequence state 4 of se-
quencer 44NCS, the condition of conductors 26CPDM
and FBASWOPD of OCG cable 4600 is checked. The
presence of a signal on conductor 26CPDEM indicates that
a mismatch was detected between the execute informa-
tion EX15-EXO transmitted to Central Pulse Distributor
System 143 and the execute-response information EXR15-
EXRO rteceived from Central Pulse Distributor System
143. The presence of a signal on conductor 26ASWCPD
indicates that flip-flop ASWCPD in flip-flop group
26CPDM is still in 2 RESET condition and no all-seems-
well signal ASWCPD has been received from Central
Pulse Distributor System 143. If a signal is detected on
either of these conductors 26CPDEM or 26ASWCP'D,
OCG circuit 420CG places signals on both conductors
SPEE and SPEI of order cable 4209.

SPEE={[(26CPDEM) -} (26ASWCPD)]1(NCS14)

(21C1)
SPEI=[(26CPDEM)-(26A8WCPD)]1(NCS14)
(21C1)

The signal placed on conductor SPEI of order cable 4209
causes flip-flop PEI in flip-flop group 38SPEE to be SET.
The signal on conductor SPEE of order cable 4209 is
transmitted through inverter amplifier 5108, transformers
5149 and cable 5153 to the other signal processor in the
signal processor community. Momentarily assuming that
the drawing represents the other signal processor, the
signal generated on conductor SPEE is received through
cable 5152, transformers 5148 and amplifiers 5112 and
transmitted via the conductor 5ISPEE of cables 5102,
4000 and 3703 to the SET terminal of flip-flop PEE in
flip-flop group 38SPE. Accordingly, as a result of the de-
tection of a communications error in signal processor 200,
flip-flop PEI in flip-flop group 38SPE of signal processor
200 is SET and flip-flop PEE in the corresponding flip-flop
group of the other signal processor is SET,

The output conductors 38PEE and 38PEI of flip-flops
PEE and PEI in flip-flop group 38SPE are connected
through cables 3703, 4000 and 3620 to the start-stop
control 48SS. Conductors 38PEI and 38PEE are also con-
nected through cables 3703, 4000 and 3720 to interrupt
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control 49IC. As described elsewhere herein, signal proc-
essor 200 and the other signal processor of the signal
processor community are stopped by start-stop control
48SS in response to signals on either of the conductors
38PEI or 38PEE. Also, as described elsewhere herein, an
interrupt signal is generated and transmitted to Central
Control System 101 from interrupt control 49IC to inform
Central Control System 101 that a trouble condition exists.

The maintenance-response signals APAR, BPAR,
CPAR and MI stored flip-flops PCA, PCB, PCC and
MCE in flip-flop group 26CPDM are not examined under
the control of sequencer 44NCS. The content of these
flip-flops serves as additional maintenance information
which is utilized by Central Control System 101 in analyz-
ing the cause of troubles indicated by a mismatch between
execute signals EX15-EX0 and execute-response signals
EXR15-EXR0 or by the absence of an all-scems-well sig-
nal ASWCPD.

If no error is detected by signal processor 200, the afore-
noted actions by means of which signal processor 200 is
stopped and an interrupt signal is transmitted to Central
Control System 101 are not taken and signal processor
200 continues its independent operations.

Network Command Gating Actions—When a CPD
command is associated with a network command, further
gating actions are required within signal processor 200.
These gating actions also are controlled by sequencer
44NCS. The requirement for the transmission of a network
command is indicated by the condition of flip-flops SCR
and FINH in flip-flop group 35NTC. When flip-flop SCR
is in a SET condition or 'when flip-flop FINH is in a
RESET condition, as controlled in accordance with the
the machine instruction being executed, OCG circuit
420CG will transmit a gating signal to the network com-
mand transmit bus selection gates 1500 on one of the con-
ductors NCUAO or NCUAI1 of order cable 4209. Selec-
tion of one of these conductors NCUAO and NCUAL1 is
made in accordance with the bus choice information pro-
vided by other flip-flops at flip-flop group 3SNTC. The
gating signals are transmitted during the time interval
18T20 of sequence state 2 of sequencer 44NCS. A table
defining the derivation of bus choice information and
Boolean equations defining the conditions under which
conductors NCUAO and NCUAI1 are energized has been
presented earlier herein during the description of network
bus selection gate circuit 1500.

The network command information placed on the Net-
work Command Bus System 6406 through bus selection
gates 1500 is obtained either from certain portions of the
content of register 24PR or from the content of registers
20KR and 24PR. The content of bit positions FR9-FR7
of register 25FR in combination with the respective states
of flip-flops FINH and SCR determines the source from
which the network command information is obtained.
The information stored in bit positions FR9-FR7 of
register 2SFR is fed through cable 2503 to command
translator 24NCT. The state of flip-flops SCR and FINH
is indicated to command translator 24NCT over conduc-
tors 35SCR, 35SCR, 35FINH and 35FINH. The various
sources from which network command information is ob-
tained include:

(1) Bit positions PR22-PRO of register 24PR via cable
2410 and AND gates 2413;

(2) Bit position PR23 of register 24PR via cable 2410,
AND gates 2414 and OR pgates 2416;

(3) Bit positions KR12-KRO of register 20KR via cable
2009, AND gates 2415 and OR gate 2416;

(4) Bit positions PR22-PRO of register 24PR via com-
mand translator 24NCT.

The network command information comprising bits
NC35-NCO obtained from the aforenoted sources is
transmitted through OR gates 2412 and over conductors
of cable 2418 to bus selection gates 1500, The network
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command comprising bits NC35-NCO is then gated from
cable 2418 through the selected AND gates 1501 or 1502
of bus selection gates 1500 to Network Command Bus
System 6406 which extends to all network command units
within the switching system.

Whenever a network command is generated, it is simul-
taneously transmitted to all network command units by
way of Network Command Bus System 6406, The CPD
command, performed in time association with the genera-
tion of a network command, serves to select which of the
network command units is to execute the associated net-
work command. Associated with each of the network com-
mand units is a discrete unipolar output of Central Pulse
Distributor System 143. A pulse appearing on a selected
one of these unipolar outputs causes the corresponding
network command unit to execute the transmitted net-
work command,

As described in the aforenoted Doblmaier et al. and
Dunlap et al. patent applications, certain of the network
command units transmit responses in the course of carry-
ing out a network command, Responses may include data
transmitted on Scanner Answer Bus System 6600 and
further may initiate transmission of verify signals by
CPD System 143 on CPD Verify Bus System 6704. These
responses appear as half-microsecond signals within a
6.25 microsecond span of time which begins during time
interval 18T20 of sequence state 2 of sequencer 44NCS
and ends during time interval 19T21 of sequence state 4
of sequencer 44NCS. It will be noted that this time in-
terval is in excess of one machine cycle of signal processor
200. In preparation for the receipt of these responses,
registers 22LR and 23YR of signal processor 200 are
RESET. Additionally, flip-flop ASWS in flip-flop group
26CPDM is RESET in preparation for the receipt of an
all-seems-well signal ASWS from a scanner,

Register 22LR is used to receive the data transmitted
on Scanner Answer Bus System 6600 from one of the
scanners of the switching system in response to a net-
work command. Flip-flop ASWS of flip-flop group
26CPDM is used to register the all-seems-well signal
ASWS which accompanies the data on Scanner Answer
Bus System 6600. Register 22LR is RESET during time
interval 18T20 of sequence state 2 of sequencer 44NCS
whenever flip-flop SCR in flip-flop group 35NTC is in a
SET condition. A signal is placed on conductor RELR
of order cable 4269 by OCG circuit 420CG which causes
all bit positions LR22-LRO of register 22LR to be RESET.

RELR=(NCS12)(355CR) (18720)

At the same time, OCG circuit 420CG places a signal
on conductor RASWS of order cable 4209 which causes
flip-flop ASWS in flip-flop group 26CPDM to be RESET.

RASWS=(NCS12) (18T20)

Register 23YR is used to receive and store the verify
signals CPDV23-CPDVO received from Central Pulse
Distributor System 143, Register 23YR is RESET when-
ever the machine instruction being executed indicates
that verify information is expected from Central Pulse
Distributor System 143. The content of bit position FR6
of register 25FR and the state of flip-flops FINH and SCR
in flip-flop group 35NTC serve as a basis for indicating
that verify information is expected, Bit position FRé
of register 25FR contains a binary one (ie. is SET)
whenever the content of register 25FR is used as a source
for a CPD address in a CPD command which is associated
with a network command. OCG circuit 420CG places
a control signal on conductor REYR of order cable 4209
which causes bit positions YR23-YRO of register 23YR
to be RESET.

REYR=(NCS12)[(35FINH+355CR)]
[(3SFINH)+ (FR6)1(18T20)

The verify information CPDV23-CPDVY is received
from either the “0” or “1” bus of Bus System 6704
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through bus selection gates 700 and placed on the con-
ductors of cable 709. The receipt of this information was
described earlier herein during the description of bus
selection gates 700. During time interval 18T20 of se-
quence state 2 of sequencer 44NCS, OCG circuit 420CG
places a gating signal on conductor RBYR of order cable
4209. This signal remains on conductor RBYR until
time 21C1 of sequence state 4 of sequencer 44NCS. This
occurs only if verify information is expected. Accordingly,
the same system conditions which caused register 23YR
to be RESET are utilized as a basis for placing a signal
on conductor RBYR.

RBYR=[(NCS23)+(NCS14)1{(35FINH)
-+(35SCR)1[(35FINH)+(FR6)1(18T20-21C1)

The presence of a signal on conductor RBYR gates the
verify information CPDV23-CPDV0 from cable 709
through AND gates 2311 and OR gates 2313 to bit posi-
tions YR23-YRO of register 23YR.

The CPD verify information CPDV23-CPDV0 placed
in register 2¥YR must be identical in format to the CPD
address information appearing on the output leads of
CPD translator 25CPDT. The output information from
translator 25CPDT is fed through cable 2508 to the
enable-verify matcher 26EVM. The content of bit posi-
tions YR23-YRO of register 23YR is fed through cable
2315 to enable-verify matcher 26EVM. If these two in-
puts to the enable-verify matcher 26EVM do not match,
a signal is placed on conductor 26CPDRM of OCG cable
4600 by enable-verify matcher 26EVM.

When the condition of flip-flops FINH and SCR and
the content of bit position FRé of register 25FR indicate
that a network command is to be generated from which
CPD verify information will be received in register 23YR,
an interrogation is made of the condition of conductor
26CPDRM following the time for receipt of the verify
information. This interrogation serves to check that the
proper network command unit responded to the network
command. If a mismatch is indicated by the presence of
a signal on conductor 26CPDRM, OCG circuit 420CG
generates a signal on both conductors SPEI and SPEE of
order cable 4209.

SPEI:[(35F7NH)+(35.S‘CR)][(35FINH)
+(FR6)1(NCS14) (26CPDRM) (21C1)
SPEE:[(351"]NH)+(3SSCR)][(3SFINH)
(FR6)1(NCS14)(26CPDRM) (21C1)
It will be noted that this check is made at the same time
that the above-described gating signal is removed from
conductor RBYR of order cable 4209,

The result of the presence of signals on conductors
SPEI and SPEE of order cable 4209 is stopping both sig-
nal processors in the signal processor community and
transmitting an interrupt signal to Central Control Sys-
tem 101 as described briefly earlier herein.

The transmission of certain network commands results
in the returning of data to signal processor 200 by way of
Scanner Answer Bus System 6600. In such instances, gat-
ing signals, under the control of sequencer 44NCS, trans-
mit the scanner answer information SCA15-SCAO re-
ceived through scanner answer bus selection gates 600, as
described previously, to register 22LR. The scanner an-
swer information SCA15-SCAO is placed on the con-
ductors of cable 607 by bus selection gates 600. When
scanner answer information is expected, as determined
from the condition of flip-flop SCR, OCG circuit 420CG
places a gating signal on conductor PULR of order cable
4209. This signal is placed on conductor PULR during
time interval 18T20 of sequence state 2 of sequencer
44NCS and remains thereon until time interval 21C1 of
sequence state 4 of sequencer 44NCS.

PULR=[(NCS23) 4 (NCS14)1(355CR) (18720-21C1)

When a signal is present on conductor PULR of order
cable 4209, the scanner answer information SCAI5—
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SCAO is gated through AND gates 2212 and OR gates
2213 to bit positions LR15-LRO of register 22LR.

The scanner answer information SCA15-SCAO is ac-
companied by an all-seems-well signal ASWS. All-seems-
well signal ASWS indicates a proper response to a network
command by a selected scanner. This signal is transmitted
through bus selection gates 600 and appears on conductor
6ASWS of cable 513. If an all-seems-well signal ASWS is
expected, OCG circuit 420CG places a gating signal on
conductor ASWSW of order cable 4209. This signal is
placed on conductor ASWSW during time interval 18T20
of sequence state 1 of sequencer 44NCS and remains
thereon until time interval 21C1 of sequence state 4 of
sequencer 44NCS.

ASWSW=[(NCS23)+(NCS14) 11 (35FINH)
Y4-(35SCH)1[(35FINH) +(FR6) ]
(18720-21C1)

Presence of a signal on conductor ASWSW gates the
all-seems-well signal ASWS from conductor 6ASWS of
cable 513 through AND gate 2603 to the SET terminal
of flip-flop ASWS in flip-flop group 26CPDM. Accord-
ingly, if an all-seems-well signal ASWS is received while
conductor ASWSW of order cable 4209 is energized, flip-
flop ASWS will be SET. However, if no all-seems-well
signal ASWS is received during that time period, flip-
flop ASWS will remain RESET.

During time interval 21C1 of sequence state 4 of se-
quencer 44NCS, if the machine instruction being executed
so specifies, the output conductor 26ASWS of flip-flop
ASWS is examined to determine whether or not an all-
seems-well signal has been received. The presence of a
signal on conductor Z6ASWS of OCG cable 4600 indi-
cates that no all-seems-well signal was received. In this
circumstance, OCG circuit 420CG places signals on con-
ductors SPEI and SPEE of order cable 4209.

SPEl=(21C1) (Z6ASWR) (NCS14) [(35FINH)
+(35SCR)1[(35FINH) -+ (FR6)1

SPEE=(21C1)(Z6ASWE) (NCS514) [(35FIFH)
+35SCR)1[(35FINH)+(FR6)]

The conditioning of flip-flops PEI and PEE in flip-flop
group 38SPE as a result of the presence of signals on
conductors SPEI and SPEE has been described previously.
Further, the stopping of both signal processors in the
signal processor community and the generation and trans-
mission of an interrupt signal to Central Control System
101 as a result of placing flip-flops PEI and PEE in a
SET condition has been described previously.

Data processing area of signal processor 200
GENERAL DESCRIPTION

The data processing area of signal processor 200 in-
cludes a plurality of multistage flip-flop registers 19QR,
20KR, 21BR, 21AR, 22JR, 22LR, 23XR, 23YR, 24PR
and 25FR. All of these registers, with the exception of
register 21AR, provide storage for data words containing
twenty-three bits of information. Register 21AR can store
only fifteen bits of information. Data may be gated into
any of these registers from a 23-bit masked bus 30MB.
Data can be gated out of any of these registers to a 23-bit
unmasked bus 30UB.

Masked bus 30MB and unmasked bus 30UB are con-
nected by combination logic circuit 30CBL. Information
can be moved from one register to another via unmasked
bus 30UB, combination logic 30CBL and masked bus
30MB. This information can be passed unchanged through
combination logic 30CBL from unmasked bus 30UB to
masked bus 30MB, or it can be modified by logical opera-
tions performed by combination logic 30CBL in accord-
ance with control signals generated in OCG circuit
420CG. Additionally, combination logic 30CBL can also
logically operate upon the sixteen least significant bit
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positions (UB15-UB0) of unmasked bus 30UB in com-
bination with the content of registers 22LR and 19QR.
The content of two other registers 13IR and 12ASR may
be gated to unmasked bus 30UB; however, information
cannot be placed into registers 13IR and 12ASR from
masked bus 30MB.

None of the above registers within the data processing
area of signal processor 200 can be gated directly to
Signal Processor Call Store System 172. In order to write
the content. of some register into Signal Processor Call
Store System 172, the content of the register must first
be gated to unmasked bus 30UB and passed through com-
bination logic 30CBL to masked bus 30MB. Masked bus
30MB is connected by cable 3051 to signal processor call
store write data bus selection gates 2900 through which
data is transmitted to Signal Processor Call Store Write
Data Bus System 6203,

DATA PROCESSING REGISTERS
Data register 21BR

As previously noted, register 21BR 1is one of the sources
from which address information defining a memory loca-
tion in Signal Processor Call Store System 172 may be
obtained. It often serves as such an address information
source when a data word is to written into Signal Proces-
sor Call Store System 172 or when a data word is to be
read from Signal Processor Call Store System 172 and
when a program transfer is to be made.

Register 21BR comprises twenty-four individual flip-
flops designated bit positions BR23-BR0O which provide
storage for a 23-bit data word (bit positions BR22-BR0)
and a parity bit (bit position BR23). Information may be
placed into register 21BR as follows:

(1) In response to a signal on conductor MBBR, the in-
formation on bit positions MB22-MB0 of masked bus
30MB is gated through single-to-double-rail converting
AND gates 2102 and OR gates 2104 to bit positions
BR22-BRO of register 21BR;

(2) Responsive to a gating signal on conductor CSBR
and a synchronizing signal on conductor SCSSYNC, the
response information SPD23-SPD¢ received from Sig-
nal Processor Call Store Response Bus System 6201 is
gated through AND gates 2103 and OR gates 2104 to
bit positions BR23-BRO of register 21BR.

Information stored in bit position BR23-BRO of reg-
ister 21BR is available to other circuits in signal processor
200 as follows:

(1) Responsive to a signal on conductor BRAR the in-
formation in bit positions BR14-BRO is gated from
cable 2108 through single-to-double-rail converting
AND gates 2114 and OR gates 2115 to bit positions
AR14-ARO of register 21AR;

(2) Responsive to a signal on conductor BOA1 the in-
formation in bit position BRO of register 21BR 1is gated
via conductor BRO of cable 2108 through single-to-
double-rail converting AND gate 2113 and OR gates
2115 to bit position AR1 of register 21AR;

(3) Responsive to a signal on conductor BRCM the in-
formation in bit positions BR14-BR0 of register 21BR
is gated via cable 2109 through AND gates 1108 and
OR gates 1106 of code-mode access circuit 11CMA
and thence over cable 1124 and through bus selection
gates 1800 to Signal Processor Call Store System 172;

(4) Responsive to a signal on conductor DPR the in-
formation in bit positions BR23-BRO is gated via cable
2109 through AND gates 1131 to data parity generator
11DPG;

(5) The information in bit positions BR9-BRO is directly
available to limit-count comparator 14LCC via cable
2109;

(6) Responsive to a signal on conductor BRMA the in-
formation in bit positions BR22-BRO is gated through
AND gates 2106 to internal match bus 271MB;
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{7) Responsive to a signal on conductor BRUB the in-
formation in bit positions BR22-BRO is gated through
AND gates 2105 to bit positions UB22-UB0 of un-
masked bus 30UB;

(8) The information in various of the bit positions BR22~
BRO is made directly available to OCG circuit 420CG
by way of cable 2109 and OCG cable 4600.

~ Associated with register 21BR is an incrementing con-
trol circuit 2107 which responds to control signals from
OCG circuit 420CG so as to modify the binary value of
the content of bit positions BR14-BRO by any number
from —S5 to 4-5. A signal on conductor BRMC indicates
that the binary content of register 21BR will be decreased.
A signal on conductor BPRC indicates that the binary
value of information in register 21BR will be increased.
A signal on conductor BRPC indicates that the binary
tent of bit positions BR3-BRU is to be modified. A signal
on conductor BR5C indicates that only the content of bit
positions BR4-BRO will be modified. The absence of a
signal from both conductors BR4C and BRSC indicates
that the content of bit positions BR14—~BR0 will be mod-
ified. A signal on conductor BRICT causes the binary
value of information in the indicated bit positions of
register 21BR to be increased or decreased by a value of
one, as appropriate. A signal on conductor BR2CT causes
the binary value of information in the designated bit posi-
tions to be increased or decreased by a value of two, as
appropriate. A signal on conductor BR4CT causes the
content of the designated bit positions to be increased or
decreased by a value of four, as appropriate.

All bit positions BR23-BRO of register 21BR are RE-
SET in response to a control signal on conductor REBR
of order cable 4209. A control signal on conductor
RLBRO-4 of order cable 4209 causes bit positions BR4—
BRO of register 21BR to be RESET.

Address register 21AR

The use of register 21AR as a source of address in-
formation during communications between signal proc-
essor 200 and Signal Processor Call Store System 172 has
been described earlier herein. When the execution of a
machine instruction requires the successive reading of
data from several memory locations in Signal Processor
Call Store System 172, or when a transfer to another area
of the program is made the address of the instruction word
defining the next machine instruction of the program se-
quence can be moved from register 21AR to the jump-
return register 22JR for future reference.

Information can be placed into register 21AR as fol-
lows:

(1) Responsive to a signal on conductor MBAR the in-
formation on bit positions MB14-MBO of masked bus
30MB is gated through single-to-double-rail converting
AND gates 2112 and OR gates 2115 to bit positions
AR14-ARO of register 21AR;

(2) Responsive to a signal on conductor BRAR the in-
formation in bit positions BR14-BRO of register 21BR
is gated via cable 2108 through single-to-double-rail
converting AND gates 2114 and OR gates 2115 to bit
positions AR14-ARO of register 21AR;

(3} Responsive to a signal on conductor BOA1 the in-
formation in bit position BRO of register 21BR is
gated via cable 2108 through single-to-double-rail con-
verting AND gate 2113 and OR gates 2115 to bit posi-
tion AR1 of register 21AR.

The content of bit positions AR14-ARO of register
21AR is available to other circuits in signal processor 200
as follows:

(1) Responsive to a signal on conductor ARUB the in-
formation in bit positions AR14-ARO0 is gated through
AND gates 2116 to bit positions UB14-UBC of un-
masked bus 30UB;

(2) Responsive to a signal on conductor ARJR the in-
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formation in bit positions AR14—ARO is gated via cable
2117 through single-to-double-rail converting AND
gates 2203 and OR gates 2204 to bit positions JR14—
JRO of register 22]JR;

(3) Responsive to a signal on conductor ARCM the in-
formation in bit positions AR14-ARO is gated via cable
2118 through AND gates 1109 and OR gates 1106 of
code-mode access circuit 11CMA, and thence to Sig-
nal Processor Call Store System 172 as previously
described;

(4) Responsive to a signal on conductor AP1 the informa-
tion in bit position AR is gated via cable 2117 through
AND gate 2407 and OR gates 2408 and 2403 to bit
position PR4 of register 24PR;

(5) Responsive to a signal on conductor AP2 the in-
formation in bit positions AR4-ARO is gated via cable
2117 through AND gates 2406 and OR gates 2408 and
2403 to bit positions PR9-PRS of register 24PR;

(6) Responsive to a signal on conductor AP3 the in-
formation in bit positions AR6-ARI1 is gated via cable
2117 through AND gates 2405 and OR gates 2408 and
2403 to bit positions PR9-PR4 of register 24PR; and

(7) Responsive to a signal on conductor AP4 the in-
formation in bit positions AR5-AR1 is gated via cable
2117 through AND pgates 2404 and OR gates 2408 and
2403 to bit positions PR9-PRS of register 24PR.

Associated with register 21AR is an incrementing con-
trol circuit 2111 which modifies the content of register
21AR in a manner similar to that described above where-
by the content of register 21BR is modified by increment-
ing control circuit 2107. The bit positions modified under
the control of incrementing control circuit 2111 may be
selectively varied so as to comprise either five, six, seven
or all of the fifteen bit positions AR14-ARO of register
21AR. The significance of signals on the conductors
ARMC, ARPC, ARICT, AR2CT, ARSC, AR6C and
ART7C is similar to that described above for the corre-
sponding input conductors to incrementing control cir-
cuit 2107.

Jump-return register 22JR

Register 22JR comprises twenty-three flip-flop registers
designated bit positions JR22-JRO for storing binary in-
formation. Information can be placed into register 22JR
as follows:

(1) Responsive to a signal on conductor MBJR the in-
formation on bit positions MB22-MB0 of masked bus
30MB is gated through single-to-double-rail converting
AND gates 2202 and OR gates 2204 to bit positions
JR22-JRO of register 22JR; and

(2) Responsive to a signal on conductor ARJR the con-
tent of bit positions AR14-ARO of register 21AR is
gated via cable 2117 through single-to-double-rail con-
verting AND gates 2203 and OR gates 2204 to bit posi-
tions JR14-JRO of register 22JR.

Information stored in bit positions JR22-JRO of reg-
ister 22JR is available to other areas of signal processor
200 as follows: (1) Responsive to a signal on conductor
JRUB the information in bit positions JR22-JRO is gated
through AND gates 2205 to bit positions UB22-UBO of
unmasked bus 30UB.

Register 22JR is used to store the content of register
21AR when register 21AR is to be used as the address
source for data words or when a transfer type machine
instruction calls for the execution of the jump-return
option as described in more detail later herein.

Accumulator register 20KR

Register 22JR is used to store the content of register
flop registers designated bit positions KR22—-KRO for stor-
ing twenty-three bits of binary information. Information
can be placed into register 20KR as follows:

(1) Responsive to a signal on conductor MBKR the in-
formation on bit positions MB22-MBO of masked bus
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30MB is gated through insertion mask 20M and OR
gates 2007 and 2031 to bit positions KR22-KRO of reg-
ister 20KR;

(2) The information gated through insertion mask 20M
can be optionally modified in accordance wtih an in-
sertion mask comprising the content of bit positions
QR22-QRO of register 19QR in responsc to a signal
on conductor INSKR;

(3) Responsive to a signal on conductor BCOKR a bit
selection indication BS22-BS0 provided by bit selector
14BSL is gated via cable 1405 through AND gates
2003 and OR gates 2007 to the RESET terminal of the
corresponding bit position KR22-KRO of register
20KR; and

(4) Responsive to a signal on conductor BCIKR a bit
selection indication comprising one of the bits BS22~
BSO is gated through AND gates 2002 and OR gates
2031 to the SET terminal of the corresponding bit posi-
tion KR22-KRO of register 20KR.

Information stored in register 20KR is available to
other circuits in signal processor 200 as follows:

(1) Responsive to a signal on conductor KRUB the infor-
mation in bit positions KR22-KRO is gated through
AND gates 2022 to bit positions UB22-UBO of un-
masked bus 30UB;

(2) Responsive to the presence of a signal on conductor
35FINH and the presence of signals on conductors
FRO, FR8 and FR7 of cable 2503, the information in
bit positions KR12-KR0 is gated via cable 2009 through
AND gates 2415 to conductors NC35-NC23 of cable
2417 and thence through OR gates 2412 and cable
2418 to network command bus selection gates 1500;

(3) Responsive to the presence of a signal on conductor
35FINH and the presence of signals on conductors
FR9, FR8 and FR7 of cable 2503, the information in
bit positions KR17-KRO is gated via cable 2009 through
AND gates 2511 and thence through cables 2509 and
2510 and bus selection gates 1600 to bit positions
TEST, RESET, A7-A0 and B7-B0 of CPD Address
Bus System 6403;

(4) Responsive to a signal on conductor KRQR the in-
formation in bit positions KR21-KR18 is gated via
cable 2010 through AND gates 1904 to bit positions
QR3—QRO of register 19QR;

(5) The information in bit positions KR22 and KR20 is
made directly available over cable 2009 to scanner pair
match detector 20SPM; and

(6) The content of bit positions KR21-KR18 is made
directly available over cables 2009 and 2010 to iter-
ative code detector 201CD.

Associated with register 20KR is incrementing control
circuit 2008 which is selectively controllable by signals
transmitted from OCG circuit 420CG to increase or de-
crease the binary content of certain bit position combina-
tions in register 20KR by values of 1, 2, 4 or 8. A signal
on conductor KRPC indicates that the binary content of
register 20KR will be increased. A signal on conductor
KRMC indicates that the binary content of register 20KR
will be increased. A signal’on conductor KR1CT indicates
that the content of register 20KR will be changed by a
value of one. A signal on conductor KR2CT indicates
that the content of register 20KR will be changed by a
value of two. Signals on conductors KR4CT and KRECT
respectively indicate that the content of register 20KR
will be changed by a value of four and eight. By using
these facilities in sequential combination, the content of
register 20KR may be modified by any value from minus
fifteen to plus fifteen. However, only the sixteen least sig-
nificant bit positions KR15-KR0 may be modified in this
manner. Further, the number of bit positions in register
20KR which are modified may be limited, in response to
a signal on conductor KR5C, to the five least significant
bit positions KR4-KR0, or may be limited in response to
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a signal on conductor KRASC to bit positions KR19 and
KR18. A signal on conductor RO4KR causes each of the
bit positions KR4-KRO to be RESET to the zero condi-
tion. Similarly, a signal on conductor R515KR causes bit
positions KR15-KRS to be RESET to the zero condition.

Rotate register 19QR

Register 19QR comprises twenty-three individual flip-
flop registers designated bit positions QR22-QRO provid-
ing storage for twenty-three bits of binary information.
Information can be placed into register 19QR as follows:

(1) Responsive to a signal on conductor MBQR the in-
formation on bit positions MB22-MBO0 of masked bus
30MB is gated through single-to-double-rail converting
AND gates 1902 and OR gates 1905 to bit positions
QR22-QRO of register 19QR;

(2) Responsive to a signal on conductor RMQ36 the
output information RMOD3-RNODO from rightmost
one detector 23ROD is gated via cable 2308 through
AND gates 1903 and OR gates 1905 to bit positions
QR6-QR3, respectively, of register 19QR; and

(3) Responsive to a signal on conductor KRQR the in-
formation in bit positions KR21-KR18 of register
20KR is gated via cables 2009 and 2010 through AND
gates 1904 to bit positions QR3-QRO of register 19QR.

Information stored in register 19QR is available to
other portions of signal processor 200 as follows:

(1) Responsive to a signal on conductor QRUB the in-
formation stored in bit positions QR22-QRO is gated
through AND gates 1921 and over cable 1907 to bit
positions UB22-UBO of unmasked bus 30UB;

(2) The information stored in bit positions QR15-QRO
is made directly available to combination logic 30CBL
by way of cable 1906; and

(3) Responsive to a signal on conductor INSKR the in-
formation stored in bit positions QR22-QRO is gated
via cable 1906 into insertion mask 20M, which is asso-
ciated with the input to register 20KR.

Associated with register 19QR is rotate-control circuit
1901. In response to control signals transmitted from
OCG circuit 420CG, rotate-control circuit 1901 causes
the binary content of register 19QR to be rotated to the
right by up to eight bit positions. The information in all
twenty-three bit positions QR22-QRO can be rotated, or
the information in bit positions QR15-QR0O can be ro-
tated. The presence of signals on conductors RTL1, RTS1
and RT23 indicates that the content of all bit positions
QR22-QRO will be rotated. The presence of signals on
conductors RTS1 and RT16 indicates that only the content
of bit positions QR15-QRO will be rotated. A signal on
conductor RT11 indicates that the content of the specified
group of bit positions of register 19QR be rotated one bit
position to the right. A signal on conductor RT31 specifies
that the content of the specified group of bit positions of
register 19QR be rotated three bit positions to the right.
Rotation is accomplished in sequential steps of one or
three bit positions.

Information stored in bit positions QR15-QRO can be
used by combination logic 30CBL to perform product
masking of the other two major inputs to combination
logic 30CBL.

Scanner answer register 22LR

Register 22LR comprises twenty-three individual flip-
flop registers designated bit positions LR22-LR0O pro-
viding storage for twenty-three bits of binary information.
Information can be placed into register 22LR as follows:

(1) Responsive to a signal on conductor PULR, the
scanner answer information SCA15-SCAOQ received
from Scanner Answer Bus System 6600 is gated from
cable 607 through AND gates 2212 and OR gate 2213
to bit positions LR15-LRO of register 22LR; and
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(2) Responsive to a signal on conductor MBLR, the in-
formation on bit positions MB22-MB0 of masked bus
30MB is gated through single-to-double-rail converting
AND pates 2211 and OR gates 2213 to bit positions
LR22-LRO of register 22LR.

Information stored in register 22LR is available to
other portions of signal processor 200 as follows:

(1) Responsive to a signal on conductor LRUB, the in-
formation in bit positions LR22-LR0 is gated through
AND gates 2214 to bit positions UB22-UBO of un-
masked bus 30UB; and

(2) Information stored in bit positions LR15-LRO is
made available via cable 2215 to combination logic
30CBL.

As noted previously, register 22LR is most usually
used to receive the sixteen bit scanner answer comprising
bits SCA15-SCAO0 from scanner units such as 123, 127,
135 and 139.

Mismatch register 23XR

Register 23XR comprises twenty-three individual flip-
flop registers designated bit positions XR22-XR0O pro-
viding storage for twenty-three bits of binary information.
Information can be placed into register 23XR as follows:

(1) Responsive to a signal on conductor MBXR, the in-
formation on bit positions MB22-MBO of masked bus
30MB is gated through single-to-double-rail converting
AND gates 2303 to bit positions XR22-XRO of register
23XR; and

(2) Responsive to a signal on conductor ZXR the in-
formation on bit positions MB22-MBO of masked bus
30MB is inverted and gated through AND gates 2302
on a single rail basis to the respective RESET terminals
of bit positions XR22-XRO of register 23XR.

Information stored in register 23XR is available to
other portions of signal processor 200 as follows:

(1) Responsive to a signal on conductor XRUB the in-
formation stored in bit positions XR22-XRO0 is gated
through AND gates 2304 to bit positions UB22-UB0O
of unmasked bus 30UB; and

(2) The information in bit positions XR15-XR0 is di-
rectly available to rightmost one detector circuit 23ROD.

As noted above, the information on masked bus 30MB
can be gated into register 23XR either on a single rail or
on a double rail basis. If single rail gating is selected by
a signal on conductor ZXR, a binary zero on a bit posi-
tion of the masked bus 30MB will cause the correspond-
ing bit position of register 23XR to register a binary zero
(RESET); however, a binary one on a bit position of
masked bus 30MB will not change the corresponding bit
position in register 23XR. If double rail gating is selected
by a signal on conductor MBXR, either a binary zero or

a binary one on a bit position of masked bus 30MB will *

cause an identical indication to be registered in the cor-
responding bit position of register 23XR.

Central pulse distributor address register 25FR

Register 25FR comprises twenty-three individual flip-
flop registers designated bit positions FR22-FRO provid-
ing storage for twenty-three bits of binary information.
Information can be placed into register 25FR as follows:
(1) Responsive to a signal on conductor MBFR, the in-
formation on bit positions MB22-MBO of masked bus
30MB is gated through single-to-double-rail converting
AND gates 2501 to bit positions FR22-FRO of register
25FR.

Information stored in register 25FR is available to other
portions of signal prccessor 200 as follows:

(1) Responsive to a signal on conductor FRUB, informa-
tion stored in bit positions FR22-FRO is gated
through AND gates 2504 to bit positions UB22-UB0O
of masked bus 30UB;

10

20

30

40

GO

134

(2) Information stored in bit positions FR22-FR9 is di-
rectly available to central pulse distributor transiator
25CPDT;

(3) Information stored in bit positions FR9-FR7 is made
directly available to command translator 2dNCT by
way of cable 2503;

(4) Information in bit positions FR9-FR7 is also made
directly available to a plurality of AND gates 2413,
2414, 2415, 2511, 2512 and 2513 which are associated
with the generation of particular types of network com-
mands and CPD addresses; and

(5) Information in bit positions FR14 and FR9-FRS is
made directly available to OCG circuit 420CG by way
of cable 2502 and OCG cable 4600.

The content of register 25FR is most usually used as a
source for deriving control signals which control Central
Pulse Distributor System 143 in selectively generating
an enable signal to one of the network command units.
Additionally, portions of the content of register 25FR
are used to control command translator 24NCT in its
translation of information into the appropriate network
command format for controlling the operation of a par-
ticular network command unit. A more detailed discus-
sion of the use made of the content of register 25FR was
included hereinabove in the discussion of CPD com-
mands and network commands,

Central pulse distributor verify register 23YR

Register 23YR comprises twenty-four individual flip-
flop registers designated bit positions YR23-YRO pro-
viding storage for twenty-four bits of binary informa-
tion. Information can be placed into register 23YR as
follows:

(1) Responsive to a signal on conductor MBYR, the in-
formation on bit positions MB22-MBO0 of masked bus
30MB is gated through single-to-double-rail convert-
ing AND gates 2312 and OR gates 2313 to bit positions
YR22-YRO of register 23YR: and

(2) Responsive to a signal on conductor RBYR, the
verify information CPDV23-CPDVO received from
Central Pulse Distributor System 143 is gated from
cable 709 through AND gates 2311 and OR gates 2313
to bit positions YR23-YRO of register 23YR.

Information stored in register 23YR is available to
other areas of signal processor 200 as follows:

(1) Responsive to a signal on conductor YRUB infor-
mation in bit positions YR22-YRO is gated through
AND gates 2314 to bit positions UB22-UB0 of un-
masked bus 30UB; and

(2) information stored in bit positions YR23-YRO is
made directly available to enable-verify matcher 26EVM
by way of cable 2315.

As noted earlier herein, the content of register 23YR
is matched by enable-verify matcher 26EVM against the
network command unit address information C15-A0
originally transmitted to Central Pulse Distributor Sys-
tem 143 to define a particular output point of a selected
central pulse distributor. This operation insures that the
proper network command unit was enabled and that
the enabled network command unit returned a verify signal
to Central Pulse Distributor System 143 indicating that
it has been enabled.

Network address register 24PR

Register 24PR comprises twenty-four individual flip-
flop registers designated bit positions PR23-PRO provid-
ing storage for twenty-four bits of binary information.
Information can be placed into register 24PR as fol-
lows:

(1) Responsive to a signal on conductor MBPR, the in-
formation on bit positions MB22-MBO of masked bus
3OMB is gated through single-to-double-rail convert-
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ing AND gates 2402 and OR gates 2403 to bit posi-
tions PR22-PRO of register 24PR;

(2) Responsive to a signal on conductor AP1, informa-
tion stored in bit position ARO of register 21AR is
gated from cable 2117 through AND gate 2407 and
OR gates 2408 and 2403 to bit position PR4 of reg-
ister 24PR;

(3) Responsive to a signal on conductor AP2, informa-
tion stored in bit positions AR4-ARO of register 21AR
is gated from cable 2117 through AND gates 2406 and
OR gates 2408 and 2403 to bit positions PR9-PR35 of
register 24PR;

(4) Responsive to a signal on conductor AP3, informa-
tion stored in bit positions AR6—AR1 of register 21AR
is gated from cable 2117 through AND gates 2405 and
OR gates 2408 and 2403 to bit positions PR9-PR4 of
register 24PR;

(5) Responsive to a signal on conductor AP4, informa-
tion stored in bit positions AR5-AR1 of register 21AR
is gated through AND gates 2404 and OR gates 2408
and 2403 to bit positions PR9-PRS of register 24PR;

(6) Responsive to a signal on conductor S4PR, a binary
one indication (SET) is placed in bit position PR4
of register 24PR; and

(7) Responsive to a signal on conductor MTPI1, the
parity indication generated by data parity generator
11DPG on conductor 11TP is gated through single-to-
double-rail converting AND gate 2401 to bit position
PR23 of register 24PR.

Information stored in register 24PR is available to
other portions of signal processor 200 as follows:

(1) Responsive to a signal on conductor PRUB informa-
tion in bit positions PR22-PRO is gated through AND
gates 2436 to bit positions UB22-UBO of unmasked
bus 30UB;

(2) Responsive to a signal on conductor GPS the infor-
mation stored in bit positions PR3-PRO is gated via
cable 2409 through AND gates 1402 and OR gates
1404 to bit selector 14BSL;

(3) The information in bit positions PR22-PRO is made
directly available to command translator 24NCT
through cable 2425; and

{4) Various portions of the information in bit positions
PR23-PRO is made available over cable 2410 to AND
gates 2413 and 2414 for generating network command
information and to AND gates 2512 for generating
CPD address information.

The content of register 24PR is most usually utilized

in the generation of a network command for transmission 3

to a particular network command unit by way of Network
Command Bus System 6406. This operation was described
earlier herein during the discussion of CPD commands
and network commands.

DATA PROCESSING BUS SYSTEM 30UB,
30MB AND 30CBL

As noted in the above descriptions of the various regis-
ters within the data processing area of signal processor
200, the information stored in many of the registers can
be gated to unmasked bus 30UB, and information can be
gated into many of the registers from masked bus 30MB.
Combination logic circuit 30CBL provides the connecting
point between unmasked bus 30UB and masked bus
30MB. Combination logic 30CBL selectively performs
logical operations upon the information passing from un-
masked bus 30UB to masked bus 30MB in accordance
with the reguirements of the machine instruction being
executed as iudicated by control signals transmitted from
OCG circuit 420CG.

The data apon which combination logic 30CBL oper-
ates is supplied from the following sources:

(1) TInformation on bit positions UB22-UB0 of unmasked
bus 30UB;
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(2) Information in bit positions QR15-QRO of register
19QR as indicated by the conductors of cable 1906;
(3) Information in bit positions LR15-LRO of register
22LR as indicated by the conductors of cable 2218§; and
(4) Information in bit positions CCD22-CCD16 of regis-
ter 10CCDR as indicated by the conductors of buffer
bus 10BB.

The data, as logically modified by combination logic
30CBL, can be transmitted via masked bus 30MB to any
destination to which masked bus 30MB has access. These
destinations include one detector 300D, register 19QR,
Signal Processor Call Store Write Data Bus System 6203,
scanner pair match detector 20SPM, register 20KR, data
parity generator 11DPG, register 21BR, register 21AR,
register 22JR, register 22LR, bit sample circuit 14BSP,
register 23XR, register 23YR, register 24PR, register
25FR, register 27TEMR and internal match bus 27IMB.
Under the control of signals transmiited from OCG
circuit 420CG in various combinations on conductors
CLGO, CLG1, CLG?2, CLG3, CLG4, CLGS5 and CLG6
of order cable 4209, combination logic 30CBL can gen-
erate various logical combinations of three variables. The
variables are selected from the following sources:

(1) Information in bit positions LR15-LRO of register
22LR;

(2) Information in bit positions QR15-QRO of register
19QR; and

(3) Information on bit positions UB15-UBQ of unmasked
bus 30UB.

The information on bit positions UB15-UBO of unmasked
bus 30UB can be obtained from any one of a plurality of
sources throughout signal processor 208 which have access
to unmasked bus 30UB. These sources include register
27EMR, 27IMR, CPD command maintenance summary
flipflop group 26CPDM, register 25FR, register 25PR,
register 23YR, register 23XR, rightmost one detector
23ROD, register 22LR, register 22JR, register 13IR,
register 12CAR, register 21AR, register 21BR, register
12ASR, register 20KR, register 19QR, call store error
summary flip-flop group 40CSE, signal processor error
summary group 37SPE, call store bus control flip-flop
group 36CSC, network command bus control flip-flop
group 3SNTC, special control flip-flop group 345C1, spe-
cial control flip-flop group 325C2 and match control flip-
flop 31MAC. Information from certain of these sources
is normally transmitted through combination logic 30CBL
without modification.

Gererally speaking, the operation of combination logic
30CBL may be described as follows: Two of the variables
upon which combination logic 30CBL. can operate or the
compliments thereof are connected as inputs to each of
the AND gates 3001-3007. The selective enablement of
these AND pgates causes the logical product of the two
input variables to appear at the respective outputs of the
enabled AND gates. The logical sum of these logical
products is generated by OR gates 3009, inverted by
amplifier-inverters 3010 and placed on bit positions
MB15-MBO of masked bus 30MB. By enabling the AND
gates 3001-3007 in different combinations, various logical
combinations of the three variables can be derived and
placed on bit positions MB15~-MBO of masked bus 30MB.

From the above general explanation of the operation
of combination logic 30CBL it is believed that the logical
operations described later herein can be ascertained from
an examination of FIG, 30 of the drawing. The following
table sets forth examples of some of the logical opera-
tions of combination logic 30CBL as performed in re-
sponse to the selective energization by OCG circuit
420CG of conductors CLGO-CLG6 of order cable 4209.
In the righthand column of the following table entitled
“Logical Result,” the term UB denotes the information
on bit positions UB15-UBO of unmasked bus 30UB, the
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term LR denotes the information stored in bit positions
LR15-LRO of register 22LR and the term QR denotes
the information stored in bit positions QR15-QRO of
register 19QR. Any of the above terms which is overlined

138
inverted by amplifier inverters 3010 and placed on bit
positions MB15-MBO of masked bus 30MB. Accordingly,
in response to a signal on conductor DRMB the informa-
tion on bit positions CCD22-CCDO of buffer bus 10BB is

denotes the complement of the information specified by 5 gated without modification through combination logic

that term.

30CBL to bit positions MB22-MBO of masked bus 30MB.

TABLE
ical Result Placed on
Control Conductor(s) Energized 4‘.%{[1‘),1 Sgges Logic: M
None None All “1's”
CLGO 3001 (UB)+(LR)
CLG1 3002 (UB)+(LR)
CLG2 3003 (UB)+(LR)
CLG3 3004 (UB)+(LR)
CLG4 3005 QR) -
CLGS5 3006 (UB)+(QR)
CLG6 3007 (QR)+(LR)
CLGo, CLG1 3001, 3002 (UB)
CLGO, CLG2 3001, 3003 (LR) _
CLGoO, CLG3 3001, 3004 (UBXLR)+(UB)(LR)
CLGO, CLG1, CLG2 3001, 3002, 3003 (UBY(LR)
CLG0, CLG1, CLG3 3001, 3002, 3004 (UBXLR)
CLGo, CLG2, CLG3 3001, 3003, 3004 (UB)LR)
CLGI, CLG2 3002, 3003 (UB)(LR)+(UB)(LR)
CLGI1, CLG3 3002, 3004 TR __
CL@1, CLG2, CLG3 3002, 3003, 3004 (UB)}LR)
CLG2, CLG3 3003, 3004 (UB)
CLQ@0, CLG1, CLG4 3001, 3002, 3005 (UBQR)
CL@G1, CLG2, CLG4 3001, 3003, 3005 [(UBYLR)+(UB)(LRI(QR)
CLG0, CLG1, CLG2, CLG4 3001, 3002, 3003, 3005 (UB)(LR)(QR)
CLGO, CLG3, CLG4 3001, 3004, 3005 {UBYLR)+(UB)LR)QR)

CLGO, CLG1, CLG3, CLG4

(UB)(TR)(QR)

CL@G1, CLG2, CLG3, CLG4 3002, 3003, 3004,3005 (UBMIRHQR)
CLG¢, CLGS 3001, 3006 (UB)+(LR)(QR)
CLG1, CLG5 3002, 3006 (UB)+(LR)(QR)
CLGS, CLG6 3008, 3007 (UB){(QR)+(LR)(QR)
CLG3, CLG4, CLG6 3004, 3005, 3007 {UB}LR)(QR)
CL@Go, CLGL, CLG2, CLG3 3001, 3002, 3003,3004  All “0's”

OCG circuit 420CG maintains control signals on con-
ductors CLGO and CLG1 of order cable 4209 at all times
unless the machine instruction being executed specifies
that a different logical operation is to be performed by
combination logic 30CBL. Accordingly, information is
passed from bit positions UB15-UBO of unmasked bus
30UB through combination logic 30CBL to bit positions
MB15-MBO0 of masked bus 30MB without logical modi-
fication unless a logical operation is specifically called for
by the machine instruction being executed.

The information on bit positions UB22-UB16 of un-
masked bus 30UB is usually transmitted without logical
modification through uninhibited gates 3015, OR gates
3016 and uninhibited gates 3017 to bit positions MB22~
MB16 of masked bus 30MB. The presence of a signal
on conductor CLG8 of order cable 4209 inhibits gates
3017 thereby precluding the transmission of any of the
information on bit positions UB22-UB16 of unmasked
bus 30UB and causing all of the bit positions MB22—
MBI16 of masked bus 30MB to indicate binary zeros.

When a signal is placed on conductor DRMB of order
cable 4209, gates 3015 are inhibited and preclude the
transmission of information from bit positions UB22-
UB16 of unmasked bus 30UB. The signal on conductor
DRMB gates the information on bit position CCD22—~
CCD16 of buffer bus 10BB through AND gates 3014,
OR gates 3016 and unhibited gates 3017 to bit position
MB22-MB16 of masked bus 30MB. The information on
bit positions CCD15-CCD0 of buffer bus 10BB is inverted
by amplifier inverters 3013 and gated through AND gates
3018 in response to a signal on conductor DRMB. This
information is then transmitted through OR gates 3009,
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When a signal is placed on conductor MBP15 of order
cable 4209, the signal is passed through OR gates 3009,
inverted by amplifier inverters 3010 and placed as a binary
zero indication on bit position MB15 of masked bus
30MB,

The system conditions under which the various control
conductors CLG0-CLGS8 are energized by OCG circuit
420CG are described later herein in association with the
specific machine instructions giving rise to the perform-
ance of selected logical operations by combination logic
30CBL. However, throughout that description it will be
assumed that control signals are maintained on conductors
CLGO and CLG1 of order cable 4209, as noted above,
at all times unless otherwise specified in the description.

CRITICAL ADDRESS REGISTER 12CAR

Register 12CAR comprises fourteen individual flip-flop
registers designated bit positions CA14-CA1 providing
storage for fourteen bits of binary information. Informa-
tion can be placed into register 12CAR as follows:

(1) Responsive to a signal on conductor ASCAR of order
cable 4209, the information stored in bit positions
AS14-AS1 of register 12ASR is gated via cable 1204
through AND gates 1211 to bit positions CA14-CA1
of register 12CAR.

Information stored in bit positions CA14-CA1 of reg-
ister 12CAR is available to other portions of signal proces-
sor 200 as follows:

(1) Responsive to a signal on conductor CARUB of
order cable 4209, the information stored in bit positions
CA14-CAl is gated through AND gates 1222 to con-
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ductors CA13-CAO0 of cable 1212 and thence to bit
positions UB13-UBO of unmasked bus 30UB; and
(2) Information stored in bit positions CA14-CAl is
directly available to the critical address matching cir-
cuit 12CAM.

In general, register 12CAR is loaded with the address
of a memory location in Signal Processor Call Store Sys-
tem 172 whenever signal processor 200 is operating on
data obtained from that memory location. Should signal
processor 200 be stopped by a command from Central
Contro! System 101 requesting the performance of an
opeartion by signal processor 200 with Signal Processor
Call Store System 172, the address of the memory loca-
tion in Signal Processor Call Store System 172 at which
the operation is to be performed is matched by the critical
address matching circuit 12CAM to ascertain if both
Central Control System 101 and signal processor 200 are
operating on data stored at the same memory location in

Signal Processor Call Store System 172. If this situation

is detected, corrective action is taken by signal processor
200. This corrective action is described later herein in
association with the maintenance area of signal processor
200 and was mentioned briefly earlier herein in the dis-
cussion of the communications between signal processor
200 and Signal Processor Call Store System 172 in re-
sponse to commands from Central Control System 101.

SPECTAL PURPOSE DATA PROCESSING CIRCUITS
Rightmost one detector circuit 23ROD

Rightmost one detector circuit 23ROD is associated
with the sixteen least significant bit positions XR15-XR0
of register 23XR. Detector 23ROD generates four bits
of binary information RMOD3-RMODO which specify
in binary notation the bit position of the rightmost binary
one in bit positions XR15-XRO of register 23XR. This
binary indciation RMOD3-RMODO is transmitted to the
following locations in signal processor 200:

(1) Responsive to a signal on conductor RMQ36 the
binary information comprising bits RMOD3-RMODO
is gated through AND gates 1903 and OR gates 1905
to bit positions QR6-QR3 of register 19QR; and

(2) The binary information RMOD3-RMODO is directly
available to one-out-of-sixteen converter circuit 2306,

The one-out-of-sixteen converter circuit 2306 translates
the four bits of binary information RMOD3-RMODO
into a single one-out-of-sixteen indication provided by a
signal on the particular one of conductors RMO15-RMO00
corresponding to the bit position XR15-XRO of register
23XR containing the rightmost binary one. Accordingly,
in response to a signal on conductor RMDUB of order
cable 4209, the information on conductors RMO15-RMO0
is transmitted through AND gates 2307 to bit positions
UB15-UBO of unmasked bus 30UB. As a result, the one
bit position UB15-UBO of unmasked bus 30UB which
corresponds to the rightmost bit position XR15-XR0 of
register 23XR containing a binary one also indicates a
binary one, and all other bit positions UB15-UBO of un-
masked bus 30UB indicate a binary zero. If all of the bit
positions XR15-XRO of register 23XR contain binary
zeros, the binary code indicated by bits RMOD3-RMODO
will be equivalent to fifteen. Since this binary indication
is ambiguous in that it could mean either that the right-
most binary one is in bit position XR15 or that all of the
bit positions XR15-XR0 contain binary zeros, a further
output conductor NAZXR of detector 23ROD is ener-
gized when not all of the bit positions XR15-XR0 contain
binary zeros. When this signal is absent, AND gates 2307
are inactive and binary zeros are placed on all of bit
positions UB15-UBO of unmasked bus 30UB.

One detector 300D

One detector circuit 300D is supplied with information
from bit positions MB22-MBO of masked bus 30MB.
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When a signal is present on conductor OD23 of order
cable 4209, detector 300D places a signal on its output
conductor 30C10L0 if any of the bit positions MB22—
MBO of masked bus 30MB contains a binary one. In the
absence of the signal from conductor OD23, one detector
300D examines only the sixteen least significant bit posi-
tions MB15-MBO of masked bus 30MB and ignores the
presence of binary one indications in the remaining bit
positions MB22-MB16.

30C10L0=[(0D23)1[(MB22)+(MB21)+(MB20) 4
etc. through (MB16)14-[(MB15)+MB14)
+(MB13)+ etc. through (MBO)]

Bit selector 14BSL

Bit selector 14BSL is a logical circuit controlled either
by the information in bit positions PR3—PRO of register
24PR or by the information in bit positions IR4-IRO0 of
register 13IR, Responsive to a signal on conductor GPS
of order cable 4209, the information in bit positions PR3~
PRO of register 24PR is gated via cable 2409 through AND
gates 1402 and OR gates 1404 to bit selector 14BSL. The
information received from bit positions PR3—PRO of reg-
ister 24PR identifies one of the sixteen output conduc-
tors BS15-BS0 of bit selector 14BSL. Bit selector 14BSL
places an output signal on the particular conductor
BS15-BSO identified by the information received from
register 24PR.

In response to a signal on conductor GIS of order cable
4209 the information in bit positions IR4-IRO of register
13IR is gated from cable 1305 through AND gates 1403
and OR gates 1404 to bit selector 14BSL. The informa-
tion received from bit positions IR4-IRO of register 13IR
identifies one of the twenty-two output conductors BS22—
BSO of bits selector 14BSL or identifies one of the five
output conductors SELF5-SELF1. Bit selector 14BSL
places an output signal on the output conductor identified
by the information received from register 13IR.

The following Boolean equations define the translation
operations of bit selector 14BSL:

BSO=(GIS)(TR%) (TR3) (TR2) (TR1)(TR0)
+(GPS)(PE3)(PR2) (PRI) (PRD)
BS1=(G15)(TE2) (TE3)(TR2)(TR1) (IR0)
4 (GPS)(ER3) (PR2)(PR1)(PRO)
BS2=(GIS)(IR%) (TR3) (TR2) (IR1) (TRO)
+ (GPS)Y(PE3)(RRZ) (PR1) (PR0)
BS3=(GI8)(TR4) (TR3) (TRZ) (IR1)(IR0)
+(GPS)(PR3)(PR2) (PR1)(PRO)
BS4=(GI18)(TR2) TF3) (IR2) (TR1) (TE0)
+(GPS) (PR3)(PR2) (PR1) (PED)
etc. through BS1S
BS15=(GIS)(TR3) (IR3) (IR2)(IR1)(IR0)
+(GPS)(PR3)(PR2) (PR1)(PR0)
BS16=(GIS) (IR4) (TR3) (TR2) (TR1)(TR0)
BS17=(GIS)(IR4) (TR3) (TR2) (TR1) (IR0)
etc. through B522
BS522=(GIS) (IR4) (TR3) (IR2) (IR1) (TRD)

SELF1=(G18)(IR4)(IR3) (TR2)(IF1)(IR0)
SELF2=(GIS) (IR4) (IR3) (TR2) (IR1)(IR0)
SELF3=(GIS)(IR4) (IR3) (TR2)(IR1)(IR0)
SELF4=(GIS) (IR4)(IR3) (IR2)(TRI) (TIR0)
SELFS5=(GIS)(IR4)(IR3) (IR2)(ITF1)(IR0)

Each of the conductors BS22-BS0 identifies a correspond-
ing bit position MB22-MBO of masked bus 30MB. Each
of the output conductors SELF5-SELF1 identifies a cor-
responding flip-flop FF5-FF1 in flip-flop group 328C2.
The output conductors BS22-BS0 are connected through
cable 1405 to 'scanner pair match detector 20SPM and to
access circuitry for register 20KR. Output conductors
SELFS-SELF1 are connected through cable 1407 and
OCG cable 4600 to OCG circuit 420CG. Utilization of
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signals on the output conductors of bit selector 14BSL
is described hereinbelow during the discussion of the exe-
cution of specific machine instructions.

Bit sample circuit 14BSP

Bit sample circuit 14BSP generates the logical product
of the output signal on conductors BS22-BSO from bit
selector 14BSL and the information on bit positions
MB22-MBO0 of masked bus 30MB. Accordingly, the out-
put conductor 14SB1 of bit sample circuit 14BSP corre-
sponds to the binary zero or one indication on the bit
position MB22-MBO0 of masked bus 30MB which was
selected by bit selector 14BSL. Output conductor 14SB1
is connected through OCG cable 4600 to OCG circuit
420CG and is directly connected to scanner pair match
detector circuit 20SPM. The indication supplied by the
logical condition of conductor 14SB1 may be utilized by
OCG circuit 420CG, as described later herein, to cause
one of the flip-flops FF1, FF2 or FF3 in fiip-flop group
325C2 to be conditioned (SET or RESET) so as to corre-
spond to the logical condition indicated by conductor
14SB1.

14SB1=(MBO0)(BS0) 4 (MB1) (BS1)
+(MB2)(BS2)+ (MB3)(BS3)
+(MB4)(B54) 4 etc. through
(MB22)(BS22)

Scanner pair match circuit 20SPMD

Scanner pair match circuit 20SPMD receives input in-
formation from bit positions MB15-MBO of masked bus
30MB through single-to-double-rail converting gates 2046;
from bit selector 14BSL over conductors BS15-BS0 of
cable 1405; from bit sample circuit 14BSP over conductor
14SB1; and from bit positions KR22 and KR20 of register
20KR over conductors of cable 2009.

As noted above, the information on the conductors
BST5-BS0 of cable 1405 identifies a particular bit posi-
tion MB15-MBO of masked bus 30MB. Scanner pair
match detector 20SPMD matches the information received
from the identified bit position MB15-MBO of masked
bus 30MB with the content of bit position KR22 of regis-
ter 20KR. If a match is detected between the information
on the selected bit position MB15-MBO of masked bus
30MB and the information in bit position KR22 of regis-
ter 20KR, scanner pair match detector 20SPMD places a
signal on its output conductor 20SM. Output conductor
20SM is connected directly to iterative code detector
20ICD and is connected through OCG cable 4600 to OCG
circuit 420CG.

Bit positions MB15-MB0 of masked bus 30MB are
grouped in sequential pairs by scanner pair match detec-
tor 20SPMD as follows: MB15 and MB14, MB13 and
MB12, MB11 and MB10, MB9 and MB8, MB7 and MBS,
MB5 and MB4, MB3 and MB2, MB1 and MBO. If the
information received from bit position KR20 of register
20KR indicates a binary one, the information on the se-
lected bit position MB15-MBO of masked bus 30MB, as
selected by the information received from bit selector
14BSL, is matched against the other bit position of the
pair of bit positions by scanner pair match detector
20SPMD. For example, if bit position MB6 is selected in
accordance with information from bit selector 14BSL, the
information on bit position MB6 is matched with the
information on bit position MB7. If the information on
the bit positions of the pair matches, scanner pair match
detector 20SPMD places a signal on its output conductor
20SPM. Conductor 20SPM is connected directly to itera-
tive code detector 20ICD and is connected through OCG
cable 4600 to OCG circuit 420CG.

Limit count comparator 14LCC

Limit count comparator 14LCC includes logic circuitry
for comparing the information stored in bit positions
BR4-BRO of register 21BR with the information stored
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in bit positions BR9-BRS of register 21BR. This informa-
tion is made available to limit counter comparator 14LCC
over cable 2109. During certain operations of signal proc-
essor 200, bit positions BR4-BRO of register 21BR con-
tain a binary number specifying a particular value which
is termed a “count.” During such operations, bit positions
BR9-BRS of register 21BR contain another binary num-
ber specifying a value which the count may not exceed.
This other binary number is termed a “limit.” When the
count, as specified by the content of bit positions BR4—
BRO, is equal to the limit, as specified by the content of
bit positions BR9-BRS, limit count comparator 14LCC
places a signal on its output conductor 14LEC, which is
connected through cable 1407 and OCG cable 4600 to
OCG circuit 420CG.,

14LEC=[(BR4) (BR9) + (BR1)(BE9)1
[(BR3)(BR8)+(BER3)(BER)1
{(BR2)(BR7)+ (BR2)(BRT)1]
[(BR1)(BR6)+(BR1)(BR6)]
[(BRO) (BRS5)+ (BR0) (BR5)1

This signal provides a basis for logical decisions during
the execution of certain machine instructions by signal
processor 200, as described later herein.

Limit count comparator 14LCC also includes logic cir-
cuitry for generating output signals when specific combi-
nations of information in bit positions BR3-BRO of regis-
ter 21BR are detected.

140340=(BR3) (BR2)(BR1) (BR0)
140341=(BR3)(BR2)(BR1)(BR0)

Limit count comparator 14LCC also includes other trans-
Iation circuitry whereby signals are transmitted over par-
ticular output conductors to OCG circuit 420CG in re-
sponse to the content of register 13IR as indicated over
cable 13085,

144410=(IR17)(IR16)
14037=[(TRI7) (TR16) 1+ [(0340) (IR17) (IR16) ]
+[(TRI7)(IR16)1[(BR3)+ (BR2)
+(BR1)+(BE0)]

These signals are also used by signal processor 200 as a
basis for logical decisions during the execution of certain
machine instructions as described later herein.

Iterative code detector 20ICD

Iterative code detector 20ICD includes logical circuitry
for placing signals on its output conductors 20BB and
20C16X when bit positions KR21-KR 18 of register 20KR
contain particular information. The following Boolean
equations define the conditions under which the output
conductors of iterative code detector 20ICD are energized.

20BB=(KR21)(KE20)(RE19)(KRi8)+(KR21)
(KR19)(KR18)+ (ERZ1) (KR20) (KR18)

20C16X=(KR21)+(KR21)(KR19)(ER18)

Output conductors 20BB and 20C16X are connected
through OCG cable 4600 to OCG circuit 420CG. Signals
on these conductors are utilized by OCG circuit 420CG
as a basis for logical decisions during the execution of
particular iterative type machine instructions by signal
processor 200.

Central pulse distributor translator 25CPDT

Central pulse distributor translator 25CPDT translates
input information received from bit positions FR22-FRQ
of register 25FR into CPD command information defining
an operation to be performed by Central Pulse Distributor
System 143. This information is then transmitted via
CPD execute cable 6404 and CPD Address Bus System
6403 to Central Pulse Distributor System 143 which per-
forms the operation defined by the command information,
Translator 25CPDT is similar to the central pulse dis-
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tributor translator in Central Control System 101 as de-
scribed in the aforenoted Doblmaier et al. patent applica-
tion and will not be described in detail herein. Its co-
operative operations in the generation of CPD commands
have been described briefly earlier herein.

Network command translator 24NCT

As noted earlier herein, translator 24NCT translates
input information received from bit positions PR22-PRO
of register 24PR and from bit positions FR9-FR7 of
register 25FR into thirty-six bits of binary information
NC35-NC0 which define a specific operation to be per-
formed by a selected network commond unit. The binary
information NC35-NC0 is transmitted as a network com-
mand over Network Command Bus System 6406. The
translations performed by translator 24NCT are similar
to those described in the aforenmoted patent application
of Doblmaier et al. and will not be detailed herein. The
selective control of translator 24NCT and its cooperative
operation with other portions of signal processor 200 in
generating network commands was discussed briefly earlier
herein.

MACHINE INSTRUCTION EXECUTION BY
SIGNAL PROCESSOR 200

As noted previously, the data processing operations of
signal processor 200 are performed in accordance with
machine instructions received from Signal Processor Call
Store System 172. The following are descriptions of the
sequential actions taken by signal processor 200 in exe-
cuting particular machine instructions. In each of the fol-
lowing descriptions it is assumed that signal processor
200, in executing the next preceding machine instruction,
has obtained an instruction word defining the machine
instruction being described from Signal Processor Call
Store System 172 by means of a read-communications
operation CSRI-, as described previously. Throughout
the following descriptions, system conditions under which
certain gating actions are performed are presented in the
form of Boolean expressions. These Boolean expressions
are not complete “equations” in the sense that the same
gating operation cannot be performed under other system
conditions, The Boolean expressions are intended only to
illustrate the system conditions pertinent to the machine
instruction being described under which the specified gat-
ing action will occur,

Also included in the following descriptions are the
system conditons under which the various communica-
tions operations between signal processor 200 and Signal
Processor Call Store System 172 are initiated. The ac-
tions taken by signal processor 200 in performing these
communications operations have been described earlier
herein and will not be set forth again in detail. It will be
assumed that the specified communications operation is
completed successfully in each case and that the complete
communication operation occurs during the time intervals
specified as earlier described herein

Brief descriptions of the utility of certain machine in-
structions are included in the following discussions. These
descriptions are intended only to illustrate particular
ways in which the machine instructions may be used in
an illustrative program structure to accomplish telephone
and maintenance functions. Many other uses of these ma-
chine instructions in varying program formats may be
devised.

In each of the following descriptions, the structure of
the instruction word defining the machine instruction
being described and the significance of the various bits of
information which comprise the instruction word is pre-
sented. This is followed by a general discussion of the
actions taken by signal processor 200 in executing the
machine instruction being described. A detailed descrip-
tion of the gating actions performed during the execution
of the machine instruction being described is then pre-
sented.
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Conditional transfer machine instruction TF

A machine instruction TF includes a single binary word
having a memory location in the Signal Processor Call
Store System 172 defined by address “a.” The instruction
word includes parity information (bit 23); information
defining machine instruction TF (bits 22-19); informa-
tion specifying one of the flip-flops FF5, FF3, FF2 or
FF1 of special control flip-flop group 325C2 and further
specifying the condition (SET or RESET) of the specified
flip-flop under which a transfer will be made (bits 18-16);
information specifying whether or not the jump-return
option, as described later herein, it is to be executed
(bit 15); and information defining the memory location
(address “a™) in the Signal Processor Call Store System
172 of the instruction word to which a transfer will be
made if the aforenoted conditions for making a transfer
are met (bits 14-0).

If the flip-flop FF5-FF1 specified by bits 18-16 of the
instruction word is in the condition (SET or RESET) as
specified by bits 18-16 of the instruction word, the in-
struction word defining the next machine instruction to
be executed instruction is read from the memory loca-
tion in the Signal Processor Call Store System 172 speci-
fied by bits 14-0 of the instruction word. However, if the
specified flip-flop FF5-FF1 is not in the condition (SET
or RESET) specified by bits 18-16 of the instruction
word, the instruction word defining the next machine
instruction to be executed is read from the next sequential
memory location in the Signal Processor Call Store System
172 as defined by the address “a--1.”

If the information in bit 15 of the instruction word
indicates that the jump-return opticn is to be executed
and if the conditions required for making a transfer
specified bits 18-16 of the instruction word are met,
the address “a+1” of the next memory location in Signal
Processor Call Store System 172 following that of the
Machine instruction being executed will be placed in reg-
ister 22JR. This address information “a{1” may be used
at some later time if it is desired to return to an instruc-
tion word located at that address.

As noted previously, it is assumed that the instruction
word defining transfer instruction TF was obtained from
a memory location in the Signal Processor Call Store Sys-
tem 172 defined by an address “g” during the execution
of the next preceding machine instruction. As a result of
this read-instruction communications operation CSRI-,
the address “a}-1” defining the next memory location in
the Signal Processor Call Store System 172 was generated
and stored by register 21AR, sequencer 43IS was returned
to sequence state 0, and the instruction word obtained
from the Signal Processor Call Store System 172 was
simultaneously placed in registers 13IR and 21BR. Follow-
ing the storage of this instruction word in registers 13IR
and 21BR, sequencer 43IS was advanced from sequence
state 0 to sequence state 1. These actions were previ-
ously described during the discussion of read-instruction
communication operation CSRI-A.

The instruction word stored in register 13IR is de-
coded by instruction decoder 13ID. Decoder 131D places a
signal on its output conductor ETF of cable 1311 if
machine instruction TF is defined by the information in
bit positions IR22-IR19 of register 13IR.

ETF=(IR22)(TR21)(TR20) (TR19)

In response to the signal on conductor ETF of cable
1311, decoder 130D decodes the information in bit posi-
tions TR18-IR16 of register 13IR to ascertain the con-
ditions under which a transfer will be made. The present
condition (SET or RESET) of the respective flip-flops
FF5, FF4, FF3, FF2 and FF1 of flip-flop group 325C2
is indicated to option decoder 130D by the presence or
absence of signals on their respective output conductors
32FFS, 32FF4, 32FF3, 32FF3, 32FF2, 32FF2, 32FF1
and 32FF1 of cable 3216. If the flip-flop FF5-FF1 speci-
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fied by the information in bit positions IR18~IR16 is in
the condition specified by the information in bit positions
IR18-IR16, option decoder 130D places a signal on its
output conductor T of cable 1312, which is connected
through OCG cable 4600 to OCG circuit 420CG.

T=(ETF)(TRI8)(TRI7)(TR16) (32FF3)
+(ETF)(TRI8)(TR17) (IR16)(32FF1)
-+(ETF)(TR18) (IR17)TR16) (32FF2)
+(ETF)(TRIB)(IR17) (IR16) (32FF3)
~+(ETF)(IR18) (IR17)(TR16) (32FF4)
-+ (ETF)(IR18)(TR17) (IR16)(32FF5)
H-(ETF)(IR18) (IR17)(TR16) (32FF1)
+(ITF){IR18) (IR17)(IR16) (33FFZ)

If the conditions for transfer are not met and no signal
is placed on conductor T, option decoder 130D places
a signal on its output conductor NT of cable 1312, which
is connected through OCG cable 4600 to OCG circuit
420CG.

NT=(ETF)(T)

The information in bit position IR15 of register 13IR
is examined by option decoder 130D to ascertain whether
or not the jump-return option will be executed, If this
information indicates that the jump-return option is to
be executed, option decoder 130D places a signal on con-
ductor EJ of cable 1312. If no jump-return option is indi-
cated, decoder 130D places a signal on conductor NJ
of cable 1312,

EJ=(IR15)(ETF)
NJ=(IR15)(ETF)

It is first assumed that conductors T and EJ of cable
11312 are energized by decoder 130D. During time inter-
val 3T5 of sequence state 1 of sequencer 43IS, OCG
circuit 420CG places a gating signal on conductor ARJR
of order cable 4209.

ARJR=(ETF)(T)(EJ)(1501)(38TSE) (3T5)

As noted above, register 21AR contains the address
“a+-1” defining the memory location in the Signal Proc-
essor Call Store System 172 immediately following the
memory location from which the instruction word defining
the machine instruction TF presently being executed was
obtained. In response to the signal on conductor ARJR
of order cable 4209, address “a41” is gated from reg-
ister 2IAR over cable 2117 through AND gates 2203
and OR gates 2204 to bit positions JR14-JRO of register
22JR. This action is taken as a part of the execution of
the jump-return option specified by the presence of a
signal on conductor EJ of OCG cable 4600. If conductor
NI had been energized by decoder 130D, this action
would be omitted.

Immediately upon determining that a transfer is re-
quired, as indicated by a signal from decoder 130D on
conductor T of OCG cable 4600, OCG circuit 420CG
places a control signal on conductor CSRI-B of order
cable 4209, which is connected as an input to OCG cir-
cuit 420CG through cable 4510. As described previously,
a signal on conductor CSRI-B of cable 4510 initiates a
read-instruction communications operation CSRI-B
whereby the instruction word defining the next machine
instruction to be executed by signal processor 200 is ob-
tained from the memory location in Signal Processor Call
Store System 172 defined by address information in reg-
ister 21BR (address “«”). The read-instruction commu-
nications operation CSRI-B is initiated during sequence
state 1 of sequencer 43IS.

CSRI-B=(ETF)(T) (I501)

The actions taken by signal processor 200 in reading
instruction words from memory locations in the Signal
Processor Call Store System 172 were described pre-
viously herein. As noted during that description, the
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200 to the Signal Processor Call Store System 172 during
time interval 4T6 of the sequence state during which the
read-instruction operation is initiated (sequence state 1
of sequencer 43IS).

During time interval 6T8 of sequence state 1 of se-
quencer 43IS, OCG circuit 420CG places a gating signal
on conductor BRAR of order cable 4209.

BRAR=(ETF)(T)(IS01) (RC30) (6T8)

Responsive to the gating signal on conductor BRAR, the
information in bit positions BR14-BRO of register 21BR
(address “«”) is gated through AND gates 2114 and OR
gates 2115 to bit positions AR14-ARO of register 21AR.
The single rail information on cable 2108 is converted to
double rail information by AND gates 2114 for storage in
register 21AR. The term RC30 of the above Boolean
expression indicates, as previously described, that se-
quencer 44RCS is not active at this time and therefore
that signal processor 200 is not presently repeating a pre-
viously unsuccessful communications operation,

During the time interval 11T13, following the trans-
mission of address information to the Signal Processor
Call Store System 172, the content of register 21AR is
incremented by 41 as a part of the communications
operation CSRI-B as described previously. Accordingly,
the content of register 21AR (transfer address “a”) is
incremented by +1 to generate the address “a-}-1” of the
next memory location in the Signal Processor Call Store
System 172.

It will now be assumed that the system conditions
specified by the information in bit positions IR18~IR16
of register 13IR under which a transfer will be made are
not detected by option decoder 130D. Accordingly, de-
coder 130D places a signal on its output conductor NT
of cable 1312 and no signal is placed on conductor T of
cable 1312. Under these conditions, OCG circuit 420CG
places a control signal on conductor CSRI-A of order
cable 4209,

CSRI-A=(ETF)(NT) (IS01)

The presence of a signal on conductor CSRI-A of order
cable 4209 initiates a read-instruction operation CSRI-A
wherein an instruction word defining the next machine
instruction to be executed by signal processor 200 is
obtained from the memory location in the Signal Proc-
essor Call Store Systern 172 defined by the content of
register 21AR (address “g-+1”). This operation was de-
scribed previously.

Timed transfer machine instruction TT

The timed transfer machine instruction TT includes
two binary words having memory locations in the Sig-
nal Processor Call Store System 172 respectively defined
by addresses “a” and “a4-1.” The first instruction word
(address “¢”) includes parity information (bit 23); in-
formation defining timed transfer machine instruction TT
(bits 22-16); information indicating whether or not the
jump-return option is to be executed (bit 15); and infor-
mation defining the memory location (address “=”) of
an instruction word to which a transfer is to be made if
certain specified system conditions are observed (bits
14-0).

The second instruction word (address “g==1") in-
cludes parity information (bit 23); a 5-bit binary number
termed a “count” (bits 4-0); another 5-bit binary number
termed a “limit” (bits 9-5); and a plurality of bits not
utilized by the signal processor 200 during the execution
of this particular machine instruction (bits 22-10),

The count is a 5-bit binary number which is increment-
ed by 1 or reset to zero each time the machine instruc-
tion TT is executed. The limit is a fixed 5-bit binray num-
ber which is matched with the count during the execution
of machine instruction TT to determine whether or not
a transfer to the instruction word stored in the memory
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location defined by address “o” will be made. A transfer
is made if the count is equal to the limit,

The timed transfer machine instruction TT provides a
programmed connection between the instruction sequences
of the program. Certain instruction sequences must be
executed more frequently than other instruction se-
quences. Accordingly, a machine instruction TT may be
executed at discrete time intervals initiated by a five milli-
second clock. The fixed binary value of the limit may be
varied in accordance with the frequency with which the
instruction sequence defined by the transfer address “a”
incorporated in the timed transfer machine instruction TT
must be executed. Thus, certain instruction sequences may
be executed at time intervals which are multiples of the
basic five millisecond time period as determined by the
fixed binary value of the limit and the initial binary value
of the count. Further, one timed transfer machine in-
struction TT may lead to another timed transfer machine
instruction TT to provide an increased interval of time
beyond the capacity of a single timed transfer machine
instruction TT.

As previously described, during the read-instruction
communications operation CSRI- by means of which
the first instruction word of timed transfer instruction
TT was obtained from the Signal Processor Call Store
System 172, instruction sequencer 43IS was returned to
sequence state 0 during the time interval 12T14, the con-
tent of register 21AR (address “a”) was incremented by
+1 to generate the address “a+1" defining the memory
location in Signal Processor Call Store System 172 im-
mediately following the memory location from which
the first instruction word was obtained, and the first in-
struction word obtained from the memory location de-
fined by address “a” was simultaneously placed in reg-
isters 13IR and 21BR.

The first instruction word stored in register 13IR is
decoded by instruction decoder 13ID and a signal is
placed on conductor ETT of cable 1311 and OCG cable
4600 if the information in bit positions IR22-IR16 of
register 13IR defines a timed transfer machine instruc-
tion TT.

ETT—=(IR22)(ITR21)(TR20) (IR19)
(TRI8) (IR17)(IR1B)

1n response to a signal on conductor ETT of cable 1311,
the information stored in bit position IR15 of register
13IR is examined by option decoder 130D to ascertain
whether or not the jump-return option is required. De-
coder 130D places a signal on its output conductor EJ if
the jump-return option is called for. A signal is placed
on conductor NJ if the jump-return option is not required.

El=(IR15) (ETT)
NJ=(TR15) (ETT)

Upon identifying the machine instruction being exe-
cuted as timed transfer machine instruction TT, OCG
circuit 420CG places a control signal on conductor
CSRD-A of order cable 4209.

CSRD-A=(ETT)(1501)

The signal on conductor CSRD-A initiates a read-data
communications operation CSRD-A with the Signal
Processor Call Store System 172 whereby data is obtained
from the memory location in the Signal Processor Call
Store System 172 defined by the address information in
register 21AR (address “a-+1"). This type of commu-
nications operation CSRD- was described earlier herein.

Register 21BR is prepared to receive the second in-
struction word of machine instruction TT by moving the
first instruction word from register 21BR to regsiter 23YR
before the second instruction word is returned from Sig-
nal Processor Call Store System 172, During time interval
3T9 of sequence state 1 of sequencer 431S, OCG circuit
420CG places a gating signal on conductor BRUB of
order cable 4209,
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BRUB=(ETT)(I1501) (319)

In response to this signal the information in bit positions
BR22-BRO of register 21BR is gated through AND gates
2105 to bit positions UB22-UBO of unmasked bus 30UB.
As noted previously, unless otherwise required by
the machine instruction being executed, OCG circuit
420CG continuously maintains control signals on con-
ductors CLGO and CLG1 of order cable 4209, Accord-
ingly, combination logic 30CBL is controlled so that in-
formation is passed unmodified from bit positions UB22—
UBO of unmasked bus 30UB through combination logic
30CBL to bit positions MB22-MB0 of masked bus 30MB.
During time interval 3T7 of sequence state 1 of se-
quencer 43IS, a gating signal is placed on conductor
MBYR of order cable 4209 by OCG circuit 420CG.

MBYR=(ETT)(1501)(38CSE)(RC30)(3T7)

In response to this signal, the information on bit posi-
tions MB22-MBO of masked bus 30MB is gated through
AND gates 2312 and OR gates 2313 to bit positions
YR22-YRO of register 23YR. The single rail informa-
tion from masked bus 30MB is converted to double rail
information by AND gates 2312 for storage in register
23YR. As indicated in the above Boolean expression, the
detection of a communications error during the read-
instruction communications operation CSRI- by means
of which the first instruction word was obtained will pre-
clude the gating of the first instruction word from masked
bus 30MB into regsiter 23YR. This prevents the regis-
tration of false information in register 23YR and pre-
vents destruction of existing information in register 23YR.

As a result of the CSRD-A operation initiated above,
the second instruction word of the timed transfer ma-
chine instruction TT is obtained from the memory loca-
tion in the Signal Processor Call Store System 172 defined
by address “a-+1” and is palced in register 21BR at some
time between time interval 9T11 of sequence state 1 of
sequencer 4315 and time interval 21T1 of sequence state
2 of sequencer 43IS. The 5-bit binary number defining
the count is stored in bit positions BR4-BRO of register
21BR. The 5-bit binary number defining the limit is stored
in bit positions BR9-BRS of register 21BR. During time
interval 12T14 sequencer 431S is advanced from sequence
state 1 to sequence state 2. OCG circuit 420CG places a
control signal on conductor SIFF2 of sequence control
cable 4201 which causes flip-flop IFF2 in sequencer 431S
to bet SET.

SIFF2=—(32PR)(12T14)(IS12)

During the next time interval 2T4, sequencer 43IS is
advanced from sequence state 2 to sequence state 3.
OCG circuit 420CG places a control signal on conductor
RIFF1 of sequence control cable 4201 which causes flip-
flop IFF1 in sequencer 431IS to be RESET.

RIF1=(IS23)(3RCFE) (SIF25) (2T4)

The information in bit positions BR9-BRO of register
21BR, which defines the count and the limit, is fed into
limit count comparator 14LCC over cable 2109. The
limit and the count are then compared to ascertain
whether or not the count is equal to the limit. If the
count information received from bit positions BR4-BRO
of register 21BR is equal to the limit information received
from bit positions BR9-BRS of register 21BR, limit count
comparator 14L.CC places a signal on its output conduc-
tor 14LEC which is connected through OCG cable 4600
to OCG circuit 420CG.

14LEC==Limit equal to Count

The result of the match operation by limit count com-
parator 14LCC is stored in flip-flop FFA of special con-
tro! flip-flop group 32SC2. This is accomplished at the
same time that sequencer 431S is advanced, as previously
described, from sequence state 2 to sequence state 3. Dur-
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ing that time interval 2T4, in accordance with the presence
or absence of a signal on conductor 14LEC of OCG cable
4600, OCG circuit 420CG places a control signal on
one of the conductors SFFA or RFFA of order cable 4209.
A signal on conductor SFFA causes flip-flop FFA in
flip-flop group 32SC2 to be SET. A signal on conductor
RFFA causes flip-flop FFA in flip-flop group 32S8C2 to
be RESET.

SFFA=(ETT)(IS23) (14LEC)(2T4)
RFFA=(ETT)(IS23)(TATLEC) (2T4)

In its SET condition, flip-flop FFA indicates that the count
(BR4-BR0) was found equal to the limit (BR9-BRS5)
by limit count comparator 14LCC.

The output conductors 32FFA and 32ZFFA from flip-
flop FFA are connected through cable 3216 as inputs to
option decoder 130D. If flip-flop FFA is SET, a signal
is placed on its output conductor 32FFA. If flip-fiop FFA
is RESET, a signal is placed on its output conductor
32FFA. Accordingly, the presence of a signal on conduc-
tor 32FFA indicates that the limit and count were found
to be equal; whereas a signal on conductor 32FFA indi-
cates that the limit and count were found not to be equal.
In response to the observance of a signal on conductor
32FFA, decoder 130D places a signal on its output con-
ductor T to indicate that a transfer will be made to the
instruction word whose memory location is defined by
address “a.”

T=(ETT)(32FFA)

In response to the observance of a signal on conductor
32FFA option decoder 130D places a signal on its out-
put conductor NT indicating that no transfer is to be
made.

NT=(ETT)(32FFA4)

It is first assumed that the count (BR4-BRO) was not
found equal to the limit (BR9-BR5) and therefore no
transfer is performed. The count (BR4-BRO) is incre-
mented by -1 each time that the timed transfer machine
instruction TT is executed and the limit and count are not
equal. The modified count and the limit are then written
into the second instruction word of the timed transfer
machine instruction TT at address “a+1” to replace the
previous count,

During sequence state 3 of sequencer 431S, OCG cir-
cuit 420CG places a signal on conductor CSW-A of order
cable 4209 to initiate a write-data communications opera-
tion CSW-A with the Signal Processor Call Store System
172 utilizing the content of register 21AR as an address
source. The content of register 21AR at this time identi-
fies address “e+41” which defines the memory location in
the Signal Processor Call Store System 172 from which the
second instruction word of timed transfer instruction TT
was obtained.

CSW-A=(ETT)(1523)

A write-data communications operation CSW- was previ-
ously described hereinabove. During that description it
was noted that the address (address “a-4-1”) obtained
from the designated address source (register 21AR) is
transmitted to the Signal Processor Call Store System 172
during time interval 4T6.

During sequence states 2 and 3 of sequencer 4318, OCG
circuit 420CG places control signals on conductors
BRA4C and BRPC of order cable 4209.

BR4C=(ETT)(I523)
BRPC=(ETT)(I523)

As noted previously herein, a signal on conductor BR4C
of order cable 4209 controls the incrementing control
circuit 2107 associated with register 21BR so that only
the information in bit positions BR4—BRO of register 21BR
can be modified. The signal on conductor BRPC controls
the incrementing control circuit 2107 so that the binary
value of information in the designated bit positions of
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register 21BR will be increased in response to incrementing
control signals.
During time interval 5T7 of sequence state 3 of se-
quencer 4318, OCG circuit 420CG places a control signal
on conductor BRICT of order cable 4209.

BRICT=(ETT)(IS34) (NT)(5T7)(RC30)

This incrementing control signal, in association with the
aforenoted control signals on conductors BR4C and BRPC
of order cable 4209, control incrementing control circuit
2107 so that the binary value of the information stored in
bit positions BR4-BRO of register 21BR is increased by
one. This action is taken, as indicated by the term NT in
the above Boolean expression, only when a transfer is
not to be performed.

The aforenoted actions by means of which the count
information in register 21BR is modified are not taken
if the count is ascertained to be equal to the limit by
limit-count comparator 14LC. As noted above, decoder
130D indicates this condition by placing a signal on its
output conductor T which indicates that a transfer is to
be made, When OCG circuit 420CG detects a signal on
conductor T of OCG cable 4600 it places a control signal
on conductor RLBR of order cable 4209.

RLBR=(ETT)(1834)(T)(5T7)

This signal causes bit positions BR4-BRO of register BR
to be RESET thereby making the count equal to zero. The
above action occurs during the same time interval when
the count would have been incremented by plus one, as
described above, when decoder 130D had placed a signal
on its output conductor NT.

During sequence states 3 and 4 of sequencer 431IS, OCG
circuit 420CG maintains a control signal on conductor
ARPC of order cable 4209,

ARPC=(ETT)(I1534)

As noted previously, this signal controls the incrementing
control circuit 2111 associated with register 21AR so that
the binary value of information in the designated bit posi-
tions of register 21AR is increased in response to incre-
menting control signals.

As described earlier, information which is to be written
into a designated memory location of the Signal Processor
Call Store System 172 during a write-data communications
operation CSW- is transmitted via the Signal Processor
Call Store Write-Data Bus System 6203 during the time
interval 14T16. This information must be present on
masked bus 30MB during that time interval so that it is
available for transmission to the Signal Processor Call
Store System 172. During time interval 9T18 of sequence
states 3 and 4 of sequencer 4318, OCG circuit 420CG
places a gating signal on conductor BRUB of order cable
4209,

BRUB=(ETT)(1534) (RC30)(9T18)

In response to this signal, the content of register 21BR,
which includes the modified count (BR4-BR0O) and the
limit (BR9-BRS), is gated through AND gates 2105 to
the corresponding bit positions of unmasked bus 30UB.
This information is then transmitted without modification
through combination logic 30CBL to masked bus 30MB.
The information on the masked bus 30MB is then gated,
as previously described, by way of cable 3051 bus selection
gates 2900 and Bus System 6203 to the Signal Processor
Call Store System 172. The modified count and the limit
are written into the memory location in the Signal Proc-
essor Call Store System 172 defined by address “a+1”
which was previously transmitted to the Signal Processor
Call Store System 172.

At the same time that the limit and modified count are
being transmitted to the Signal Processor Call Store Sys-
tem 172, they are also gated from masked bus 30MB into
register 20KR. During time interval 9T16 of sequence
states 3 and 4 of sequencer 43IS, OCG circuit 420CG
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places a gating signal on conductor MBKR of order cable
4209.
MBKR=(ETT)(1534)(RC30)(9T16)

In response to this signal, the information on bit positions
MB22-MBO of masked bus 30MB is gated through AND
gates 2004 and OR gates 2007 to bit positions KR22-KR0
of register 20KR. Since conductor INSKR of order cable
4209 does not have a signal placed thereon at this time,
no insertion masking is performed by insertion mask 20M.
The single rail information or masked bus 30MB is con-
verted to double rail information by AND gates 2004 for
storage in register 21KR. The limit and count information
is stored in register 21KR at this time so that it is avail-
able for use in the event that the write-data communica-
tions operation CSW-A is not successful and mmust be
repeated, as previously described.

Following the use of the content of register 21AR as
the address source for the write-data operation CSW-A
noted above, the binary value of the content of register
21AR is increased by one. During time interval 11T13
of sequence states 3 and 4 of sequencer 4313, OCG circuit
420CG places a control signal on conductor ARICT of
order cable 4209.

ARICT=(ETT)(I534) (11T13) (RC30)

This incrementing control signal, in association with the
aforenoted signal on conductor ARPC of order cable
4209, controls incrementing control circuit 2111 so that
the binary value of information stored in bit positions
AR14-ARO0 is increased by one. Since the previous con-
tent of register 21AR defined address “g4-1,” this modi-
fication of its binary value will generate address “a+2,”
which defines the next memory location in Signal Proces-
sor Call Store System 172.

After the content of register 21AR has been incremented
and the limit and modified count have been transmitted to
Signal Processor Call Store System 172, the first instruc-
tion word of machine instruction TT is returned from
register 23YR to register 21BR. It will be recalled that

this first instruction word (obtained from address “a”) .

was moved from register 21BR to register 23YR during
the initial sequence state of sequencer 43IS. The first
instruction word includes information defining the memory
location (address “«”’) of the instruction word to which
2 transfer is to be made if the conditions specified for a
transfer are detected. During time interval 19T3 of se-
quence state 4 of sequencer 431S, OCG circuit 420CG
places a gating signal on conductor YRUB of order cable
4209.
YRUB=(ETT)(1545)(19T3)

In response to this signal, the information in bit positions
YR22-YRO of register 23YR is gated through AND gates
2314 to bit positions UB22-UBO of unmasked bus 30UB.
This information is then transmitted without modification
through combination logic 30CBL to bit positions MB22-
MBO0 of masked bus 30MB.

During time interval 19T1 of sequence state 4 of se-
quencer 431S, OCG circuit 420CG places a gating signal
on conductor MBBR of order cable 4209.

MBBR=(ETT) (1545)(19T1)

Tn response to this signal, the information on bit positions
MB22-MBO of masked bus 30MB is gated through AND
gates 2102 and OR gates 2104 to bit positions BR22-BRO
of register 21BR. The single rail information on masked
bus 30MB is converted to double rail information by AND
gates 2102 for storage in register 21BR.

It may be noted at this point that should the communi-
cations operation CSW-A by means of which the limit
and modified count were written into the Signal Processor
Call Store System 172 be unsuccessful, that information
is no longer available from register 21BR. However it is
available in register 21KR in the event that the communi-
cations operation CSW-A must be repeated.
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At this point in the execution of machine instruction
TT register 21BR contains information defining the mem-
ory location (address “«”) of the instruction word to
which a transfer may be made and register 21AR contains
information defining the memory location (address
“g+2") of the instruction word defining the next machine
instruction to be executed if a transfer is not made. Ac-
cordingly, if decoder 130D has placed a signal on its out-
put conductor T, OCG circuit 420CG will initiate a read-
instruction communications operation CSRI-B utilizing
register 21BR as the address source. However, if decoder
130D has placed a signal on its output conductor NT,
OCG circuit 420CG will initiate a read-instruction oper-
ation CSRI-A utilizing register 21AR as the address
source.

It is first assumed that a signal is present on conductor
T of OCG cable 4600 indicating that a transfer is to be
made. Under these conditions during sequence states 4
and 5 of sequencer 431S, OCG circuit 420CG places a
control signal on conductor CSRI-B of order cable 4209
to initiate a read-instruction operation CSRI-B.

CSRI-B=—(ETT) (IS45)(T)

If decoder 130D has also placed a signal on its output
conductor EJ indicating that the jump-return option is to
be executed, OCG circuit 420CG places a gating signal
on conductor ARJR of order cable 4209 during time inter-
val 3TS of sequence state 5 of sequencer 43IS.

ARJR=(ETT) (1534)(T)(EJ) (38C8E) (3T5)

In response to this signal, the information in bit positions
AR14-ARO of register 21AR (address “a+2") is gated
over cable 2117 through AND gates 2203 and OR gates
2204 to bit positions JR14-JRO of register 21JR. The
single rail information on cable 2117 is converted into
double rail information by AND gates 2203 for storage
in register 22JR.

During time interval 6T8 of sequence state 5 of se-
quencer 431S, the content of bit positions BR14-BRO of
register 21BR (address “«”) is gated over cable 2108
through AND gates 2114 and OR gates 2115 to bit posi-
tions AR14-ARO of register 2LAR, OCG circuit 420CG
places a gating signal on conductor BRAR of order cable

- 4209.

BRAR=(ETT)(I1545)(T)(RC30)(6T8)

The single rail information on cable 2108 is converted
into double rail information by AND gates 2114 for
storage in register 21AR.

As previously described, the binary value of the infor-
mation stored in register 21AR is increased by one during
time interval 11T13 whenever instructions are being read
by signal processor 200 from Signal Processor Call Store
System 172. Accordingly, during the present read-instruc-
tion operation CSRI-B the content of register 21AR will
be incremented by <1 and, when so incremented, will
identify the memory location (address “a+17) immedi-
ately following that from which the instruction. word to
which a transfer has been made is being obtained.

Assuming now that option decoder 130D has placed
a signal on its output conductor NT to indicate that no
transfer is to be made, OCG circuit 420CG initiates a
read-instruction operation CSRI-A utilizing register 21AR
as the address source. A signal is placed on conductor
CSRI-A of order cable 4209.

CSRI-A=(ETT)(I§45)(NT)

At this time, register 21AR contains address “a+2” as
noted above. During the read-instruction operation
CSRI-A by means of which the next instruction word is
obtained from the Signal Processor Call Store System
172, the content of register 21AR is incremented by +1,
as previously described, thereby generating address
“q+3" which identifies the next memory location in the
Signal Processor Call Store System 172,
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Upon completing the read-instruction operation CSRI-A
or CSRI-B, as appropriate, signal processor 200 com-
mences execution of the machine instruction defined by
the instruction word obtained as a result thereof,

Transfer set flip-flop machine instruction TSF

The transfer set flip-flop machine instruction TSF is a
single binary word having a memory location in the
Signal Processor Call Store System 172 defined by ad-
dress “a.” The instruction word includes parity informa-
tion (bit 23); information identifying transfer set flip-flop
machine instruction TSF (bits 22—18); information speci-
fying the particular flip-flop FF1, FF2 or FF3 of special
control flip-flop group 32SC2 which is to be SET during
the execution of this machine instruction TSF (bits
17-16); information indicating whether or not a jump-
return option is to be executed (bit 15); and information
(address “o”) defining the memory location in the Signal
Processor Call Store System 172 of the instruction word
defining a machine instruction to 'which a transfer is to
be made (bits 14-0). If none of the flip-flops FF1, FF2
or FF3 of flipflop group 32SC2 are to be SET during
the execution of this machine instruction TSF, the machine
instruction may be termed an unconditional transfer
machine instruction TU,

Machine instruction TSF may be used to modify the
execution of the next succeeding machine instruction
within a program sequence. For example, it may be used
1o establish conditions within signal processor 200 under
which a transfer will be made during the subsequent
execution of a conditional transfer machine instruction
TF. It may also be used to modify the manner in which
other subsequent machine instructions are executed in
that the output of the selected flip-flop FF1, FF2 or FF3
which is SET during the execution of the transfer set
flip-flop instruction TSF may be used to modify the inter-
pretation the next instruction word obtained by signal
processor 200 from the Signal Processor Call Store Sys-
tem 172,

As previously described, during the read-instruction op-
eration CSRI- by means of which the instruction word
defining machine instruction TSF was obtained from the
Signal Processor Call Store System 172, sequencer 43IS
was returned to sequence state 0 during time interval
9T11, the binary value of the information stored in regis-
ter 21AR (address “a”) was increased by one to generate
the address “a-+1” which defines the next memory loca-
tion in the Signal Processor Call Store System 172, and
the instruction word obtained from the memory location
defined by address “a” was simultaneously placed in
registers 13IR and 21BR.

The instruction word stored in register 13IR is decoded
by instruction decoder 131D which places a signal on its
output conductor ETSF if the information in bit positions
IR22-IR18 defines a machine instruction TSF.

ETSF=(TR22)(TR21)(TRE20)(TR19) (IR18)

In response to the presence of a signal on conductor
ETSF of cable 1311, option decoder 130D examines the
information in bit positions IR17-IR16 of register 13IR.
A signal is placed by decoder 130D on one of its output
conductors OFF1, OFF2, OFF3 or ETU in accordance
with the information in bit positions IR17 and IR16 of
register 13IR.

OFF1=(TRT7) (IR16) (ETSF)
OFF2=(IR17)(TR16) (ETSF)
OFF3=(IR17)(IRT6) (ETSF)

ETU=(IR17) (IR16) (ETSF)

A signal on one of the conductors OFF1, OFF2 or OFF3
defines the particular flip-flop FF1, FF2 or FF3 in flip-
flop group 32SC2 which is to be SET during the execu-
tion of this machine instruction TSF. A signal on conduc-
tor ETU indicates that none of the flip-flops FF1-FF3 is to
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be SET and that an unconditional transfer will be per-
formed.

Decoder 130D examines the information from bit
position IR15 of register 13IR to ascertain whether or
not the jump-return option is to be executed. It places
a signal on its output conductor EJ if the jump-return
option is to be executed and on its output conductor NJ
if the jump-return option is not to be executed.

EJ=(IR15)(ETSF)
NI=(TR13)(ETSF)

Immediately upon identifying the machine instruction
being executed as machine instruction TSF, OCG cir-
cuit 420CG initiates a read-instruction operation CSRI-B
which utilizes register 21BR as the address source. OCG
circuit 420CG places a control signal on conductor
CSRI-B of order cable 4209 to initiate this communica-
tions operation.

CSRI-B==(ETSF)(1501)

During the time interval 2T4 immediately following
the storage of the instruction word in registers 13IR and
21BR, sequencer 43IS is advanced from sequence state 0
to sequence state 1. OCG circuit 420CG places a control
signal on conductor SIFF1 of sequence control cable
4201 which causes flip-flop IFF1 in sequencer 43IS to
be SET.

SIFF1=(1501) (3808 E)(ENTRK) (2T4)

During this same time interval 2T4, as sequencer 4318
is advancing from sequence state 0 to sequence state 1,
the selected flip-flop FF1, FF2 or FF3 in flip-flop group
328C2 is SET. OCG circuit 420CG places a contro] sig-
nal on one of the conductors SFF1, SFF2 or SFF3 of
order cable 4209. Selection of one of these conductors is
made in accordance with the output signal from decoder
130D which specifies the flip-flop to be SET.

SFF1=(ETSF)(1501) (OFF1) (38CSE) (2T4)
SFF2=(ETSF)(1501)(OFF2)(38CRE) (2T4)
SFF3=(ETSF)(IS01)(OFF3)(38C8E) (2T4)

The signal thus placed on one of the conductors SFF1,
SFF2 or SFF3 causes the correspondingly designated flip-
flop FF1, FF2 or FF3 in flip-flop group 325C2 to be
placed in a SET condition.

If a signal from decoder 130D is detected on conduc-
tor EJ or OCG cable 4600 by OCG circuit 420CG, a
gating signal is placed on conductor ARJR during time
interval 3T5 of sequence state 1 of sequencer 4318,

ARJR=(ETSF) (1501) (EJ) (38CRE) (3T5)

The signal gates the information stored in bit positions
AR14-ARO of register 21AR (address “a+1") over cable
2117 through AND gates 2203 and OR gates 2204 to bit
positions JR14-JRO of register 22JR. The single rail in-
formation on cable 2117 is converted to double rail infor-
mation by AND gates 2203 for storage in register 22JR.

As described earlier herein, the address “,” defining
the memory location of the instruction word to which a
transfer is to be made, is transmitted to the Signal Proc-
essor Call Store System 172 during time interval 4T6 of
sequence state 1 of sequencer 431IS. Following its use as
the address source for the read-instruction communica-
tions operation CSRI-B, the information stored in reg-
ister 21BR is gated to register 21AR. During time interval
6T8 of sequence state 1 of sequencer 43IS, OCG circuit
420CG places a signal on conductor BRAR of order
cable 4209.

BRAR=(ETSF)(I501) (RC30)(67T8)

In response to this signal, the information in bit positions
BR14-BRO of register 21BR (address “«™) is gated over
cable 2108 through AND gates 2114 and OR gates 2115
to bit positions AR14-ARO of register 21AR, The single
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rail information on cable 2114 is converted to double rail
information by AND gates 2114 for storage in register
21AR.

As described above, the binary value of the content of
register 21AR is increased by one during a read-instruc-
tion communications operation CSRI-. Accordingly, the
content of register 21AR (address “«™) is incremented to
generate address “a-+-1" which defines the next memory
location in the Signal Processor Call Store System 172.
As a result of the read-instruction communications oper-
ation CSRI-B, an instruction defining the next machine
instruction is obtained from the memory location in the
Signal Processor Call Store System 172 defined by address
“x” and its execution is begun by signal processor 200.

Special count machine instruction TCT

The special count machine instruction TCT includes a
minimum of two instruction words having memory loca-
tions in the Signal Processor Call Store System 172 which
are respectively defined by address “a” and address “a+1.”
A third instruction word having a memory location de-
fined by address “a-+2” may be provided on an optional
basis.

The first instruction word of special count machine
instruction TCT (address “a”) includes parity informa-
tion (bit 23); information defining special count machine
instruction TCT (bits 22-19); information indicating
whether or not a third instruction word is provided in this
particular special count machine instruction TCT (bit 18);
information defining the basis upon which a decision to
transfer will be made during the execution of this ma-
chine instruction TCT (bits 17-16); information specify-
ing whether or not the jump-return option is to be exe-
cuted (bit 15); and information (address “«”) which
defines the memory location of the instruction word to
which a transfer will be made if certain specified system
conditions are observed (bits 14-0).

The second instruction word (address “a+1”) of ma-
chine instruction TCT includes parity information (bit
23) and a 4-bit binary number termed a count (bits 3-0).
‘The count is a 4-bit binary number which is periodically
incremented when specified system conditions are ob-
served during each execution of this machine instruction
TCT.

The optional third instruction word (address “a+2”)
of machine instruction TCT includes parity information
(bit 23) and information specifying a CPD address (bits
22-0). A CPD address is used, as previously described,
as a portion of a CPD command transmitted by signal
processor 200 to Central Pulse Distributor System 143
which defines a particular action to be taken by Central
Pulse Distributor System 143.

During execution of a special count machine instruction
TCT, the count specified by bits 3-0 of the second in-
struction word (address “a+1") is compared with a
condition specified by bits 17 and 16 of the first instruction
word (address “a”). If the count meets the specified con-
dition, a transfer is made to the machine instruction de-
fined by the instruction word at the memory location in
the Signal Processor Call Store System 172 defined by
the transfer address “a” included in the first instruction
word (address “a”). If the specified condition is not satis-
fied by the count, signal processor 200 will advance to
the machine instruction defined by the instruction word
at the next sequential memory location (address “a-+2”
or “a+}3”) in Signal Processor Call Store System 172
following the memory location of the last instruction word
(address “a+1” or “a+2”) of machine instruction TCT.
In either case, the count is incremented each time ma-
chine instruction TCT is executed and the incremented
count is rewritten as bits 3-0 of the second instruction
word at the memory location (address “a-+1”) in the
Signal Processor Call Store System 172 from which the
second instruction word originally was obtained.
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As previously described, during the read-instruction
communications operation CSRI- by means of which
machine instruction TCT was obtained from the Signal
Processor Call Store System 172, instruction sequencer
4318 was returned to sequence state 0 during time interval
9T11 the binary value of the information in register 21AR
(address “a”) was increased by one to generate the ad-
dress “q+1” defining the next memory location in the
Signal Processor Call Store System 172, and the instruc-
tion word obtained from the memory location defined by
address “a” was simultaneously placed in registers 13IR
and 21BR.

The instruction word stored in register 13IR is decoded
by decoder 13ID. Decoder 13ID places a signal on its
output conductor ETCT if the information in bit positions
IR22-IR19 defines a special count machine instruction
TCT.

ETCT=—(TR22)(TT21){IR20) (TR1D)

Option decoder 130D decodes the remainder of the in-
struction word stored in register 13IR in accordance with
the machine instruction being executed as indicated by
the conductors of cable 1311. Decoder 130D places a
signal on its output conductor CPD if the information in
bit position IR18 of register 13IR indicates that a third in-
struction word is included in the special count machine
instruction TCT presently being executed.

CPD=(ETCT)(IR18)

Option decoder 130D places a signal on its output
conductor EJ if the information in bit position IR15 of
register 13IR indicates that a jump-return option is to be
executed. Otherwise, decoder 130D places a signal on its
output conductor NJ.

EJ=(IR15)(ETCT)
NI=(ITR15)(ETCT)

During the time interval 2T4 immediately following
the storage of the first instruction word in registers 13IR
and 21BR, sequencer 43IS is advanced from sequence
state 0 to sequence state 1. OCG circuit 420CG places
a control signal on conductor SIFF1 of sequence control
cable 4201 which causes flip-flop IFF1 in sequencer 43IS
to be SET.

SIFF1=(1501)(38CTRE)(ERNTE)(2T4)

Immediately upon ascertaining that the machine in-
struction being executed is a special count machine instruc-
tion TCT by observing a signal on conductor ETCT of
OCG cable 4600, OCG circuit 420CG places a control
signal on conductor CSRD-A of order cable 4209.

CSRD-A=(ETCT)(IS01)

This signal initiates a read-data communications opera-
tion CSRD-A wherein the information in register 21AR
(address “a<-1”) is used as the address source. As a
result of this communications operation CSRD-A, the
second instruction word of the machine instruction TCT
presently being executed is obtained from the memory
location in the Signal Processor Call Store System 172
defined by address “a+41” and placed in register 21BR.
The actions taken by signal processor 200 in completing
a communications operation CSRD— were previously de-
scribed herein. As noted during that description, the in-
formation stored in register 13IR remains unchanged
during a read-data communications operation CSRD-A.

As a result of the read-data communications operation
CSRD-A, the second instruction word of machine instruc-
tion TCT is received in register 21BR during the time
period commencing with time interval 9T11 of sequence
state 1 of sequencer 43IS and ending during time interval
21T1 of sequence state 2 of sequencer 43IS. Prior to the
beginning of this time period, the content of register 21BR,
which includes the transfer address “a,” is moved to reg-
ister 23YR. During time interval 3T9 of sequence state 1
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of sequencer 431S, OCG circuit 420CG places a gating
signal on conductor BRUB of order cable 4209.

BRUB=(ETCT)(1501)(3T9)

This signal gates the information in bit positions BR22—
BRO (the first instruction word) through AND gates 2105
to bit positions UB22-UBC of unmasked bus 30UB, The
information is transmitted without modification through
combination logic 30CBL to bit positions MB22-MBO
of masked bus 30MB. During time interval 3T7 of se-
quence state 1 of sequencer 431IS, OCG circuit 420CG
places a gating signal on conductor MBYR of order cable
4209.

MBYR=(ETCT)(IS01)(38CSE) (RC30)(3T7)

This signal gates the information on bit positions MB22—
MBO of masked bus 30MB (the first instruction word)
through AND gates 2312 and OR gates 2313 to bit posi-
tions YR22-YRO of register 23YR. The single rail in-
formation on masked bus 30MB is converted to double
rail information by AND gates 2312 for storage in reg-
ister 23YR. The gating of information from masked bus
30MB into register 23YR is inhibited if a communications
error was detected during the read-instruction commu-
nications operation CSRI- by means of which the first
instruction word was obtained from the Signal Processor
Call Store System 172 to prevent destruction of informa-
tion stored in register 23YR.

During time interval 6T8 of sequence state 1 of se-
quencer 4318, OCQG circuit 420CG places a control signal
on conductor SECM of order cable 4209 which causes
flip-flop ECM in special control flip-flop group 33SC1
to be placed in a SET condition. This action is associated
with the critical match operation of signal processor 200
which is described later herein in association with the
maintenance area of signal processor 200.

SECM=(ETCT)(IS01)(6T8) (38CSE)

During the next time interval 12T14, sequencer 43IS
is advanced from sequence state 1 to sequence state 2.
OCG circuit 420CG places a control signal on conductor
SIFF2 of sequence control cable 4201 which causes flip-
flop IFF2 in sequencer 43IS to be SET.

SIFF2=(32PR)(I1512) (12T14)

During sequence states 2 and 3 of sequencer 43IS, OCG
circuit 420CG maintains control signals on conductor
BR4C and BRPC respectively of order cable 4209,

BRAC=(ETCT)(1523)
BRPC=(ETCT)(1523)

As previously described herein, these signals, in combina-
tion, control incrementing control circuit 2107 so that
the binary value of the information in bit positions BR3—
BRO of register 21BR is increased in response to incre-
menting control signals,

Also during sequence states 2 and 3 of sequencer 43IS,
OCG circuit 420CG maintains a control signal on con-
ductor CSW-A of order cable 4209.

CSW-A=(ETCT)(I523)

This signal, as detected through cable 4510, initiates a
write-data communications operation CSW-A wherein
data is written into the memory location in Signal Proc-
essor Call Store System 172 defined by the content of
register 21AR (address “a-+17), The write-data com-
munications operation CSW- was described in detail
earlier herein.

During the next time interval 2T4, sequencer 43IS is
advanced from sequence state 2 to sequence state 3. OCG
circuit 420CG places a control signal on conductor
RIFF1 of sequence control cable 4201 which causes flip-
flop IFF1 in sequencer 43IS to be RESET.
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RIFF1=(I523) (STS25) (38CSE) (2T4)

As a result of the read-data communications operation
CSRD-A, the second instruction word has been obtained
from the memory location in the Signal Processor Call
Store System 172 defined by address “a-+1" and has been
stored in register 21BR during sequence state 2 of se-
quencer 43IS. Accordingly, bit positions BR3-BRO of
register 21BR presently contain the count, as defined by
bits 3-0 of the second instruction word. The content of
bit positions BR3-BRO of register 21BR is made available
over cable 2109 to limit count comparator 14LCC. The
information stored in bit positions IR17 and IR16 of reg-
ister 13IR is made available over cable 1305 to limit
count comparator 14LCC. The operation of limit count
comparator 14LCC was previously described hereinabove,
Limit count comparator 14LCC places a signal on its
output conductor O3T if the count information from bit
positions BR3-BRO of register 21BR meets the condition
specified by the information from bit positions IR17 and
IR16 of register 13IR. The conditions for transfer include:

(1) Transfer if the binary value of the count is not equal
to one.
O3T=(TRI7)(IR16)[(BR3)+(BR2)
+(BR1)4-(BR0)]
(2) Transfer if the binary value of the count is not equal
to zero.
O3T=(IR17) (TRI6)
[(BE3) (BR2)(BR1)(BR0)]
=(IR17)(TR16)(0340)

(3) Transfer for all values of the count.
03T=(TR17)(TRI6)
If so specified by the information received from bit
positions IR17 and IR16 of register 13IR, limit count

comparator 14LCC places a signal on its output con-
ductor AA10.

AA10=(IR17)(IR16)

A signal on conductor AA10 indicates that signal proc-
essor 200 should advance to the instruction at the next
sequential memory location in the Signal Processor Call
Store System 172 only if the count contains all binary ones
or all binary zeros. If the information in each of the bit
positions BR3-BRO of register 21BR is a binary one,
limit count comparator 14L.CC places a signal on its
output conductor O3Al.

O3A1=(BR3)(BR2)(BR1)(BR0)

If the information in each of the bit positions BR3-BRO
of register 21BR is a binary zero, limit count comparator
14L.CC places a signal on its output conductor O3 A0,

0340=(BR3) (BR2)(BE1)(FER0)

If these conditions are not met, a transfer is indicated
by a signal on conductor O3T.

03T=(AA10)(0341) (0340)

During the time interval 2T4, when sequencer 431S is
being advanced from sequence state 2 to sequence state 3
as previously described, flip-flops FFA and FF3 in flip-
flop group 32SC2 are conditioned in accordance with
the output signals from limit count comparator 14LCC
by signals generated in OCG circuit 420CG. In response
to a signal on conductor O3T of OCG cable 4600, OCG
circuit 420CG places a control signal on conductor SFFA
of order cable 4209 which causes flip-flop FFA in flip-flop
group 32SC2 to be SET.

SFFA=(ETCT)(I523)(03T)(2T4)

In response to the absence of a signal from conductor
O3T of OCG cable 4600, OCG circuit 420CG places a
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signal on conductor RFFA of order cable 4209 which
causes flip-flop FFA to be RESET.

RFFA=(ETCT)(IS23)(08T)(2T4)

The condition of flip-flop FFA in flip-flop group 325C2
provides one basis for a decision by OCG circuit 420CG
as to whether or not a transfer will be made. If flip-flop
FFA is in a SET condition, as indicated by a signal on
its output conductor 32FFA, the next instruction will be
obtained from the memory location in Signal Processor
Call Store System 172 defined by address “a.” If flip-flop
FFA is in a RESET condition, as indicated by a signal on
its output conductor 32FFA, the next instruction may be
obtained from the next sequential memory location (ad-
dress “a+2" or “a+3”) in Signal Processor Call Store
System 172.

Flip-fiop FF3 in flip-flop group 32SC2 is conditioned
in accordance with signals from limit count comparator
14LCC, indicating whether or not the count contains all
binary ones and in accordance with the signal from option
decoder 130D, indicating whether or not a third instruc-
tion word is included in the machine instruction TCT
currently being executed.

SFF3=(ETCT)(I523)(0341)
[(A4A10)+(CPD)1(2T4)

RFF3—(ETCT)(1523) (O3471)
[(AA10)+4(CPD)1(2T4)

If flip-flop FF3 of flip-flop group 32SC2 is in a SET con-
dition, as indicated by a signal on its output conductor
32FF3, an indication is given that no CPD command will
be generated during the execution of this machine instruc-
tion TCT.

During time interval 4T6 of sequence state 3 of se-
quencer 431S, OCG circuit 420CG places a control signal
on conductor RECM of order cable 4209.

RECM=(ETCT)(1523)(4T6) (35CFE)

This signal causes flip-flop ECM in flip-flop group 335C1
to be RESET. The significance of this action is described
later herein in association with the maintenance area of
signal processor 200.

Also during time interval 4T6 of sequence state 3 of
sequencer 43IS, the address “g4+1" is transmitted from
register 21AR to the Signal Processor Call Store System
172 in preparation for writing a modified count into the
second instruction word of the special count machine in-
struction TCT presently being executed. This action oc-
curs as a result of the write-data communications CSW-A
operation initiated as noted above which was described in
detail earlier herein.

During time interval 5T7 of sequence state 3 of se-
quencer 431S, OCG circuit 420CG place an incrementing
control signal on conductor BRICT of order cable 4209.

BRICT=(ETCT)(I534)(5T7)(RC30)

This signal, in combination with the aforenoted signals
on conductors BR4C and BRPC of order cable 4209,
causes incrementing control circuit 2107 to increase the
binary value of the information in bit positions BR4-
BRO of register 21BR by one.

During sequence states 3 and 4 of sequencer 4318, OCG
circuit 420CG maintains a control signal on conductor
ARPC of order cable 4209.

ARPC=(ETICT)(1534)

This signal, as previously described, controls incrementing
control circuit 2111 so that binary value of the content
of register 21AR will be increased in response to incre-
menting control signals.

During time interval 11T13 of sequence state 3 of se-
quencer 431S, OCG circuit 420CG places an incrementing
control signal on conductor ARICT of order cable 4209.
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ARICT=(ETCT)(IS34)(11T13) (RC30)

This signal, in combination with the aforenoted signal on
conductor ARPC of order cable 4209, controls increment-
ing control circuit 2111 so that the binary value of the
information stored in register 21AR is increased by one.
Accordingly, the previous content of register 21AR (ad-
dress “a+17) is modified to generate address “a-}-2.”

SIFF3=(323PR)(1534)(12T14)

During time interval 12714, sequencer 43IS is advanced
from sequence state 3 to sequence state 4. OCG circuit
420CG places a control signal on conductor SIFF3 of
sequence control cable 4201 which causes flip-flop IFF3
in sequencer 431S to be SET.

During time interval 9T18 of sequence state 3 and 4 of
sequencer 43IS, the second instruction word which is
now stored in register 21BR and which includes the modi-
fied count in bit positions BR3-BRO, is gated from regis-
ter 21BR to the unmasked bus 30UB. OCG circuit 420CG
places a gating signal on conductor BRUB of order cable
4209.

BRUB=(ETCT)(I534)(RC30)(5T18)

Responsive to this signal, the information in bit positions
BR22-BRO of register 21BR is gated through AND gates
2105 to bit positions UB22-UBO0 of unmasked bus 30UB.
This action is inhibited if a communications operation is
presently being repeated as indicated by the absence of a
signal from sequencer 44RCS on its output conductor
RC30.

The information placed on bit positions UB22-UB0O
of unmasked bus 30UB is transmitted without modifi-
cation through combination logic 30BCL to bit positions
MB22-MBO of masked bus 30MB. During time interval
14T16 of sequence state 4 of sequencer 4318, the informa-
tion on bit positions MB22-MBO of masked bus 30MB
is transmitted over cable 3051, through bus selection gates
2900 and over Signal Processor Call Store Write Data
Bus System 6203 to the Signal Processor Call Store Sys-
tem 172. This information is written into the second
instruction word of the machine instruction TCT presently
being executed at its memory location as defined by ad-
dress “a+1” which was previously transmitted to the
Signal Processor Call Store System 172. This action oc-
curs as a result of the write-data communications opera-
tion CSW-A which was initiated as described above.

During time interval 9T16 of sequence states 3 and 4
of sequencer 43IS, the information on bit positions
MB22-MBO of masked bus 30MB is gated to bit positions
KR22-KRO of register 20KR. OCG circuit 420CG places
a gating signal on conductor MBKR of order cable 4209.

MBKR=(ETCT)(1534)(RC30)(9716)

In response to this signal, the information on masked
bus 30MB is gated through AND gates 2004 and OR
gates 2007 and 2031 to register 20KR. The single rail
information on masked bus 30MB is converted to double
rail information by AND gates 2004 for storage in reg-
ister 20KR. This action is taken to insure that the modi-
fied second instruction word remaining available in the
event that a communications error occurs during the write-
data communications operation CSW-A necessitating a
repetition of that communications operation,

During time interval 19T3 of sequence state 4 of se-
quencer 4318, the first instruction word of the machine
instruction TCT being executed is returned from register
23YR to register 21BR. It will be recalled that this first
instruction word was placed into register 23YR during
the initial state of sequencer 431S, as described above.
OCG circuit 420CG places a gating signal on conductor
YRUB of order cable 4209,

YRUB—(ETCT) (I545)(19T3)

In response to this signal, the information in bit positions



3,408 628

161

YR22-YRO of register 23YR is gated through AND gates
2314 to bit position UB22-UB0 of unmasked bus 30UB.
This information is transmitted without modification
through combination logic 30CBL to bit positions MB22—
MBO of masked bus 30MB. During time interval 19T1
of sequence state 4 of sequencer 43IS, OCG circuit
420CG places a gating signal on conductor MBBR of
order cable 4209,

MBBR=(ETCT)(1545)(19T1)

In response to this signal, the information on bit posi-
tions MB22-MBO of masked bus 30MB is gated through
AND gates 2102 and OR gates 2104 to bit positions
BR22-BRO of register 21BR. The single rail information
on masked bus 30MB is converted to double rail informa-
tion by AND gates 2102 for storage in register 21BR.

As a result of the above action, register 21BR now
contains the transfer address “a” which defines the mem-
ory location of the instruction word to which a transfer
may be made. At this point in the execution of a special
count instruction TCT, one of four courses of action may
be followed:

(1) If flip-flop FFA in flip-flop group 32SC2 is in a
RESET condition and decoder 130D has not placed a
signal on its output conductor CPD, the next instruc-
tion word is obtained from the next sequential memory
location in the Signal Processor Call Store System 172
(address “g+-2”) which is defined by the content of
register 21AR.

(2) If flip-flop FFA is in a SET condition and decoder
130D has not placed a signal on its output conductor
CPD, the next instruction word is obtained from the
memory location in Signal Processor Call Store System
172 which is defined by the transfer address “«” stored
in register 21BR.

(3) If decoder 130D has placed a signal on its output
conductor CPD indicating that a CPD command may
be generated, the third instruction word (address
“a+2") of this machine instruction TCT is obtained
from the memory location in Signal Processor Call
Store System 172 defined by the content of register
21AR.

(4) The condition of flip-flop FF3 determines whether
or not a CPD command is generated utilizing the ad-
dress information included in the third instruction word
of machine instruction TCT. If flip-flop FF3 is in a
RESET condition, a CPD command is generated and
the next instruction word is obtained from the memory
location in Signal Processor Call Store System 172 de-
fined by transfer address “«” which is now stored in
register 22YR. If FF3 is in a SET condition, no CPD
command is generated and the next instruction word
is obtained from the memory location defined by trans-
fer address “a” now stored in register 22YR.

Option decoder 130D determines the action to be taken
by signal processor 200 by examining the condition of
flip-flops FFA and FF3 in flip-flop group 32SC2 by way
of their respective output conductors 32FFA, 32FFA,
and 32FF3 in cable 3216 and by examining the informa-
tion in bit position IR18 of register 13IR by way of cable
1305. Decoder 130D places a signal on its output con-
ductor NT if the instruction word defining the next ma-
chine instruction to be executed is immediately to be
obtained from the next sequential memory location in
Signal Processor Call Store System 172.

NT=(ETCT)(32FFA) (TR18)

Decoder 130D places a signal on its output conductor T
if the instruction word defining the next machine instruc-
tion to be executed is to be obtained immediately from
the memory location in Signal Processor Call Store Sys-
tem 172 defined by transfer address “«.”
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T=(ETCT)(32FFA) (TR18)

Decoder 130D places a signal on its output conductor
CPD, as previously described, if a third instruction word
of this machine instruction TCT is to be obtained from
the next sequential memory location in Signal Processor
Call Store System 172,

CPD=(ETCT)(IR18)

Decoder 130D places a signal on its output conductor
TCPD if the third instruction word of this machine in-
struction TCT is to be utilized in generating a CPD com-
mand before obtaining the instruction word defining the
next machine instruction to be executed from the memory
location in Signal Processor Call Store System 172 de-
fined by transfer address “«.”

TCPD=(ETCT)(32FF3)(IR18)

It first will be assumed that decoder 130D places a
signal on its output conductor NT. In response to this
signal, OCG circuit 420CG places a control signal on
conductor CSRI-A of order cable 4209.

CSRI-A=(ETCT)(I545)(NT)

This signal initiates a read-instruction communications
operation CSRI-A whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by address
“a-+2" which is stored in register 21AR.

During the next time interval 2T4, sequencer 43IS is
advanced from sequence state 4 to sequence state 5. OCG
circuit 420CG places a control signal on conductor SIFF1
of sequence control cable 4201 which causes flip-flop IFF1
in sequencer 43IS to be SET.

SIFF1=(1545) (38CRE) (SI849) (STSA3) (2T4)

Signal processor 200 then proceeds to complete the read-
instruction communications operation CSRI-A as de-
scribed previously herein and commences the execution of
the machine instruction defined by the instruction word
obtained as a result of that communications operation
CSRI-A.

It next will be assumed that decoder 130D has placed
a signal on its output conductor T. In response to this
signal, OCG circuit 420CG places a control signal on
conductor CSRI-B of order cable 4209.

CSRI-B=(ETCT)(1545)(T)

This signal initiates a read-instruction communications
operation CSRI-B whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by transfer
address “a” which is stored in register 21BR.

During time interval 2T4, sequencer 43IS is advanced
from sequence state 4 to sequence state 5 as described
above. Signal processor 200 then completes the read-in-
struction operation CSRI-B as described previously herein.

If a jump-return option is to be executed, as indicated
by a signal from decoder 130D on conductor EJ of OCG
cable 4600, OCG circuit 420CG places a gating signal on
conductor ARJR of order cable 4209,

ARIR=(ETCT)(1545)(T)(EJ)(3T5)

In response to this signal the information in bit positions
AR14-AR0 is gated from cable 2117 through AND gates
2203 and OR gates 2204 to bit positions JR14-JRO of reg-
ister 22JR. The single rail information on cable 2117 is
converted to double rail information by AND gates 2203
for storage in register 22JR. This action occurs during
time interval 3TS of sequence state 5 of sequencer 43IS.

During time interval 6T8 of sequence state 5 of se-
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quencer 43IS, OCG circuit 420CG places a gating signal
on conductor BRAR of order cable 4209.

BRAR=(ETCT)(1545)(T)(6T8)

In response to this signal the information stored in bit
positions BR14-BRO of register 21BR, which includes
transfer address “x,” is gated from cable 2108 through
AND gates 2114 and OR gates 2115 to bit positions
AR14-ARO of register 21AR. The single rail information
on cable 2108 is converted to double rail information by
AND gates 2114 for storage in register 21AR.

As described earlier herein, during a read-instruction
communications . operation CSRI- the binary value of
information stored in register 21AR is increased by one.
Accordingly, this action generates the address “a--1"
which defines the next sequential memory location in the
Signal Processor .Call Store System 172 following that
from which the next instruction word is obtained.

It next will be assumed that decoder 130D has placed
a signal on its output conductor CPD but that no signal
has been placed on its output conductor TCPD. As pre-
viously noted, during time interval 2T4 sequencer 43IS
is advanced from sequence state 4 to sequence state 5 in
response to a signal placed on conductor SIFF1 of se-
quence control cable 4201 by OCG circuit 420CG. At
this time, OCG circuit 420CG places a control signal on
conductor CSRD--A of order cable 4209.

CSRD-A=(ETCT)(I545) (CPD)

In response to this signal, a read-data communications
operation CSRD-A is initiated whereby the third instruc-
tion word of this machine instruction TCT is obtained
from its memory location in Signal Processor Call Store
System 172 which is defined by the address “a+2" stored
in register 21AR.

If a jump-return option is to be executed, as indicated
by a signal from decoder 130D on its output conductor
EJ of OCG cable 4600, OCG circuit 420CG places a
gating signal on conductor ARJR of order cable 4209,

ARJR=(ETCT)(1545)(EJ)(CPD)(3T5)

In response to this signal the content of register 21AR is
gated to register 22JR as described above. As a result,
address “a+2" is stored in bit positions JR14-JRO of regis-
ter 22JR.

During the next time interval 12T14, sequencer 43IS
is advanced from sequence state 5 to sequence state 6.
OCG circuit 420CG places a control signal on conductor
RIFF2 of sequence control cable 4201 which causes flip-
flop TIFF2 in sequencer 431IS to be RESET.

RIFF2=(1556)(12T14)

At some time during the period starting with time inter-
val 9T11 of sequence state 5 of sequencer 431S and ending
with time interval 21T1 of sequence state 6 of sequencer
4318, the third instruction word of the machine instruction
TCT presently being executed is returned from Signal
Processor Call Store System 172 and stored in register
21BR. This occurs as described previously as a result of
the read-data communications operation CSRD-A.

During time interval 9T18 of sequence states 5 and 6
of sequencer 43IS, OCG circuit 420CG places a gating
signal on conductor YRUB of order cable 4209,

YRUB=(ETCT)(1556) (CPD)(9T18)

In response to this signal the information stored in bit
positions YR22-YRO of register 22YR is gated through
AND gates 2314 to bit positions UB22-UBO of unmasked
bus 30UB. The information thus placed on unmasked bus
30UB is the first instruction word of machine instruction
TCT which includes transfer address “«.” This information
is transmitted without modification through combination
logic 30CBL to bit positions MB22-MBO of masked bus
30MB. During time interval 9T16 of sequence states 5 and
6 of sequencer 43IS, OCG circuit 420CG places a gating
signal on conductor MBAR of order cable 4209.
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MBAR=(ETCT)(1556) (CPD)(9T16)

This signal gates the information on bit positions MB14—
MBO of masked bus 36MB through AND gates 2112 and
OR gates 2115 to bit positions AR14-ARO of register
21AR. The single rail information on masked bus 30MB
is converted to double rail information by AND gates
2112 for storage in register 21AR. As a result of this
action, the transfer address “a” previously stored in bit
positions YR14-YRO of register 23YR is now stored in bit
positions ARI14-AR0O of register 21AR.

During the next time interval 2T4 sequencer 431S is
advanced from sequence state 6 to sequence state 7. OCG
circuit 420CG places a signal on conductor SIFF4 of
sequence control cable 4201 which causes flip-flop IFF4 in
sequencer 43IS to be SET.

SIFF4=(1567)(274)(38C8E)

At this time, OCG circuit 420CG places a control sig-
nal on conductor CSRI-A of order cable 4209.

CSRI-A=(ETCT){1567)

In response to this signal a read-instruction communica-
tions operation CSRI-A is initiated whereby the instruction
word defining the next machine instruction to be executed
by signal processor 200 is obtained from its memory loca-
tion in Signal Processor Call Store System 172 which is
defined by the transfer address “«” stored in register 21AR.
As previously described, during such a communications
operation the binary value of the content of register 21AR
is increased by one thereby generating address "o-1"
which defines the next sequential memory location in Sig-
nal Processor Call Store System 172.

It now is assumed that decoder 130D has placed a sig-
nal on its output conductor TCPD as described above, The
actions taken by signal processor 200 in response to this
signal are identical to those described above when decoder
130D placed a signal only on its output conductor CPD
except that certain additional actions are taken. After
transfer address “a” has been transmitted from register
23YR to register 21AR during sequence states 5 and 6 of
sequencer 431IS as described above, OCG circuit 420CG
places a gating signal on conductor BRUB of order cable
4209.

BRUB=(ETCT)(1§67)(TCPD)(197T3)

This action is taken during time interval 19T3 of sequence
states 6 and 7 of sequencer 43IS. In response to this signal
the information stored in bit positions BR22-BRO of regis-
ter 21BR is gated through AND gates 2105 to bit positions
UB22-UBO of unmasked bus 30UB, The information thus
placed on unmasked bus 30UB is the third instruction word
(address “a+2") of this machine instruction TCT which
defines the CPD address portion of a CPD command. This
information is transmitted without modification through
combination logic 30CBL to bit positions MB22-MB0 of
masked bus 30MB.

During time interval 19T1 of sequence state 6 of
sequencer 43IS, OCG circuit 420CG places a gating sig-
nal on conductor MBFR of order cable 4209.

MBFR=(ETCT)(1567)(TCPD)(19T1)

In response to this signal the information on bit positions
MB22-MBO of masked bus 30MB is gated through AND
gates 2501 to bit positions FR22-FR0 of register 25FR.
The single rail information on masked bus 30MB is con-
verted to double rail information by AND gates 2501 for
storage in register 25FR. As a result of this action, the
CPD address information included in the third instruction
word of the machine instruction TCT presently being ex-
ecuted is now stored in register 25FR.

During the next time interval 2T4, sequencer 43IS is
advanced from sequence state 6 to sequence state 7 as
described above. During that same time interval 2T4, net-
work command sequencer 44NCS is started. During
sequence states 6 and 7 of sequencer 4318, OCG circuit
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420CG maintains a control signal on conductor SNCSQ
of order cable 4209.

SNCSQ=(ETCT)(IS67)(TCPD)(3808E)

No signal is placed on conductor SNCSQ if a communica-
tions error was detected during the communications opera-
tion CSRD-A by means of which the third instruction
word of this machine instruction TCT was obtained from
Signal Processor Call Store System 172. The signal on con-
ductor SNCSQ of order cable 4209 is combined by OCG
circuit 420CG with the next clock pulse signal 2T4 and a
control signal is placed on conductor SNCS3 of sequence
control cable 4201.

SNCS3=(SNCSQ)(NCS01)(2T4)

This signal causes flip-flop NCSF3 to be SET, thereby start-
ing sequencer 44NCS in its control actions.

Signal processor 200 continues, under the control of
sequencer 44NCS, to generate and transmit a CPD com-
mand derived from the content of register 25FR to Cen-
tral Pulse Distributor System 143. These actions have
already been described earlier herein and will not be
described further at this time. Once sequencer 44NCS
has been started, it continues independently of sequencer
431IS to control signal processor 200 in its generation and
transmission of a CPD command.

As described above, a read-instruction communica-
tions operation CSRI-A is initiated during sequence
states 6 and 7 of sequencer 43IS whereby the instruction
word defining the next machine instruction to be executed
by signal processor 200 is obtained from the memory
location in Signal Processor Call Store System 172 de-
fined by transfer address “a,” which is presently stored
in register 21AR.

CSRI-A=(ETCT) (I567)

During this operation the binary value of the informa-
tion in register 21AR is increased by one to generate
address “a4-1,” sequencer 43IS is returned to sequence
state 0 and the execution of the next machine instruction
is commenced.

Register-to-memory machine instruction RM

A register-to-memory machine instruction RM is a
single binary word having a memory location in the Sig-
nal Processor Call Store System defined by address “a.”
The instruction word includes parity information (bit
23); information defining register-to-memory machine

instruction RM (bits 22-19): information defining the

register in signal processor 200 from which information :

is to be moved to a memory location in Signal Processor
Call Store System 172 (bits 18-16); information indi-
cating whether or not a critical match operation must be
performed during execution of this machine instruction
RM (bit 15); and information (address “a”) defining
the memory location in Signal Processor Call Store Sys-
tem 172 into which the content of the specified register
is to be written. Execution of a register-to-memory ma-
chine instruction RM results in the content of a register,
as specified in the instruction word, being written into
a memory location in Signal Processor Call Store System
172, also specified in the instruction word.

As previously described, during the read-instruction
communications operation CSRI- by means of which
the instruction word defining machine instruction RM
is obtained from Signal Processor Call Store System 172,
instruction sequencer 431S is returned to sequence state 0
during time interval 9T11, the binary value of the infor-
mation (address “a”) stored in register 21AR is increased
by one to generate address “a-1” defining the next se-
quential memory location in Signal Processor Call Store
System 172, and the instruction word obtained from
the memory location defined by address “a” is simul-
taneously placed in registers 13IR and 21BR.

The information in register 13IR is examined by de-
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coder 131D to determine the machine instruction defined
thereby. Decoder 13ID places a signal on its output con-
ductor ERM if the information in bit positions IR22-IR 19
of register 13IR defines machine instruction RM.

ERM=(IR22)(IR21)(IR20)(IR19)

In response to a signal on conductor ERM of cable
1311, decoder 130D examines the information in bit
positions IR18-IR16 of register 13IR to ascertain the
register in signal processor 200 from which information
is to be moved. Decoder 130D places a signal on one of
its output conductors OFR1, OJR1, OKR1, OLR1, OPRI,
OQR1, OXR1 or OYR1 which respectively define regis-
ters 25FR, 22JR, 20KR, 22LR, 24PR, 19QR, 23XR or
23YR in signal processor 200.

OFR1=(ERM)(FR18) (TRT7)(TFT6)
OJR1=(ERM)(TR18) (TR17) (IR16)

OKR1=(ERM)(TRT8) (IR17) (TF16)
OLR1=(ERM)(TR18) (IR17) (IR16)
OPR1=(ERM) (IR18) (TF17) (TR16)
OQR1=(ERM)(IR18)(TR17) (IR16)
OXR1=(ERM)(IR18) (IR17)(TR16)
OYR1=(ERM)(IR18) (IR17) (IR16)

In response to a signal on conductor ERM of cable
1311, decoder 130D also decodes the information in bit
position IR15 of register 13IR to ascertain whether or
not a critical match operation is required during execu-
tion of this machine instruction RM. Decoder 130D
places a signal on its output conductor CRM if such an
operation is required.

CRM=(EMR)(IR15)

During time interval 2T4 immediately following the
storage of the instruction word in registers 13IR and
21BR, sequencer 4318 is advanced from sequence state 0
to sequence state 1. OCG circuit 420CG places a con-
trol signal on conductor SIFF1 of sequence control cable
4201 which causes flip-flop IFF1 in sequencer 43IS to be
SET.

SIFF1=(1501) (38C8E)(ENTE)(2T4)

If decoder 130D has placed a signal on its output con-
ductor CRM of OCG cable 4600, OCG circuit 420CG
places a signal on conductor RECM of order cable 4209
during time interval 4T6 of sequence state 1 of sequencer
431S.

RECM=(ERM)(1501)(CRM)(RC30)(4T6)(33CSF)

This signal causes flip-flop ECM in flip-flop group 33SC1
to be RESET.

In response to the signal from decoder 130D on con-
ductor ERM of OCG cable 4600, OCG circuit 420CG
places a control signal on conductor CSW-B of order
cable 4209,

CSW-B=(ERM) (IS01)

This signal initiates a write-data communications opera-
tion CSW-B whereby information stored in a specified
register of signal processor 200 is written into the memory
location in Signal Processor Call Store System 172 defined
by address “a” which is stored in register 21BR. The
communications operation CSW-B was described pre-
viously hereinabove. As noted during that description,
the address “a™ stored in bit positions BR14~-BRG of
register 21BR is transmitted to Signal Processor Call Store
System 172 during time interval 4T6 of sequence state 1
of sequencer 43IS.

During the next time interval 12T14, sequencer 431IS
is advanced from sequence state 1 to sequence state 2.
OCG circuit 420CG places a control signal on conductor
SIFF2 of sequence control cable 4201 which causes flip-
flop IFF2 in sequencer 43IS to be SET.
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SIFF2=(32PF) (1512) (12T14)

During time interval 9T18 of sequence states 1 and 2
of sequencer 431IS, OCG circuit 420CG places a gating
signal on one of the conductors FRUB, JRUB, KRUB,
LRUB, PRUB, QRUB, XRUB or YRUB of order cable
4209. The selection of the conductor upon which a signal
is placed is made by OCG circuit 420CG in accordance
with the aforenoted signal from decoder 130D on one
of the conductors OFR1-0OYR1 of OCG cable 4600.

FRUB=(ERM)(IS12)(OFR1)(9T18)
JRUB=(ERM)(IS12)(OJR1)(9T18)

KRUB=(ERM)(IS12) (OKR1)(9T18)
LRUB=(ERM)(IS12)(OLR1)(9T18)
PRUB=(ERM)(I512) (OPR1)(9T18)

QRUB=(ERM) (IS12)(OQR1)(9718)
XRUB=(ERM)(1512) (OXR1)(9T18)
YRUB=(ERM)(I1512) (OYR1)(9T18)

In response to this signal, the content of the specified
register is gated to unmasked bus 30UB. For example,
a signal on conductor FRUB of order cable 4209 causes
the information stored in bit positions FR22-FRO of
register 25FR to be gated through AND gates 2504 to
bit positions UB22-UBO of unmasked bus 30UB. The
content of the other registers may be similarly gated to
unmasked bus 30UB.

The information thus placed on bit positions UB22-
UBO of unmasked bus 30UB is transmitted without modi-
fication through combination logic 36CBL to bit positions
MB22-MBO of masked bus 30MB. During time interval
14T16 of sequence state 2 of sequencer 43IS the informa-
tion on bit positions MB22-MBO of masked bus 30MB is
transmitted over cable 3051, through bus selection gates
2900 and over Signal Processor Call Store Write Data
Bus System 6203 to Signal Processor Call Store System
172. The actions taken to transmit this information were
described previously hereinabove during the description
of a write-data communications operation CSW-B. The
information thus transmitted is written into the memory
location in Signal Processor Call Store System 172 defined
by address “«” which was previously transmitted to Signal
Processor Call Store System 172, as described above.

During the next time interval 2T4, sequencer 43IS
is advanced from sequence state 2 to sequence state 3.
OCG circuit 420CG places a control signal on conductor
RIFF1 of sequence control cable 4201 which causes the
flip-flop IFF1 in sequencer 43IS to be RESET.

RIFF1=(1523) (3808 E) (§T1525) (2T4)

During sequence states 2 and 3 of sequencer 43IS,
OCG circuit 420CG maintains a control signal on con-
ductor CSRI-A of order cable 4209.

CSRI-A=(ERM)(1523)

This signal initiates a read-instruction operation CSRI-A ‘

whereby the instruction word defining the next machine
instruction to be executed by signal processor 200 is
obtained from the memory location in Signal Processor
Call Store System 172 defined by the address “a+-1" pres-
ently stored in register 21AR.

Memory-to-register machine instruction MR

A memory-to-register machine instruction MR is a
single binary word having a memory location in Signal
Processor Call Store System 172 defined by address “a.”
The instruction word includes parity information (bit
23); information defining a memory-to-register machine
instruction MR (bits 22~19); information specifying the
particular register in signal processor 200 into which data
is to be placed (bits 18-16); information specifying
whether or not a critical match operation is required
during the execution of this machine instruction MR
(bit 15); and information (address “a”) defining the
memory location in the Signal Processor Call Store Sys-
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tem 172 from which data is to be obtained and stored in
the specified register. As a result of the execution of a
machine instruction MR, data obtained from the memory
location in Signal Processor Call Store System 172 de-
fined by address “a,” which is included in the instruction
word, is moved to the register in signal processor 200
which is specified in the instruction word.

As previously described, during the read-instruction
communications operation CSRI- by means of which
the instruction word defining machine instruction MR is
obtained from Signal Processor Call Store System 172,
instruction sequencer 431IS is returned to sequence state 0
during time interval 9T11, the binary value of informa-
tion (address “a”) stored in register 21AR is increased
by one to generate address “a-+1” defining the next
sequential memory location in Signal Processor Call Store
System 172, and the instruction word obtained from the
memory location defined by address “a” is simultancously
placed in registers 13IR and 21BR.

The information stored in register 13IR is examined
by decoder 13ID to ascertain the machine instruction
defined thereby. Decoder 13ID places a signal on its
output conductor EMR if the information in bit positions
IR22-IR19 of register 13IR defines a memory to register
machine instruction MR.

EMR=(IR22) (JIR21) (TR20) (IR19)

In response to a signal on conductor EMR of cable
1311, decoder 130D examines the information in bit
positions IR18-IR16 of register 13IR to determine the
particular register in signal processor 200 into which
data will be placed during the execution of machine in-
struction MR. Decoder 130D places a signal on one of
its output conductors OFR1, OJR1, OKR1, OLR1, OPR1,
OQR1, OXR1 or OYRI which respectively identify reg-
isters 25FR, 22JR, 20KR, 22LR, 24PR, 19QR, 23XR
and 23YR of signal processor 200,

OFR1—(EMR) (TR18) (TRT7) (IR16)
OJR1=(EMR)(TR18)(TRI7)(IR16)

OKR1=(EMR)(TR18) (IR17)(TR18)
OLR1=(EMR)(TFI8)(IR17)(IR16)
OPR1=(EMR) (IR18) (IE17) (TR186)
OQR1=(EMR)(IR18)Y(TR17)(IR16)
OXR1=(EMR)(IR18) (IR17)(TR16)
OYR1=(EMR)(IR18)(IR17) (IR16)

Also in response to a signal on conductor EMR of cable
1311, decoder 130D examines the information in bit posi-
tion IR15 of register 13IR to ascertain whether or not a
critical match operation must be performed during the
execution of this machine instruction MR, If such an oper-
ation is required, decoder 130D places a signal on its
output conductor CRM,

CRM=(EMR)(IR15)

In response to the signal from decoder 130D on con-
ductor EMR of OCG cable 4600, OCG circuit places a
control signal on conductor CSRD-B of order cable 4209.

CSRD-B=(EMR)(I501)

This signal initiates a read-data communications oper-
ation CSRD-B whereby data is obtained from the memory
location in Signal Processor Call Store System 172 defined
by the address “=” stored in register 21BR. Such a com-
munications operation CSRD- has been described pre-
viously herein.

During the time interval 2T4 immediately following
storage of the instruction word in registers 13IR and 21BR,
sequencer 43IS is advanced from sequence state 0 to se-
quence state 1. OCG circuit 420CG places a control signal
on conductor SIFF1 of sequence control cable 4201 which
causes flip-flop IFF1 in sequencer 431IS to be SET.
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SIFF1=(1501) (38TRE) (ENTE) (2T4)

If decoder 130D has indicated that a critical match
operation is required by placing a signal on its output con-
ductor CRM of OCG cable 4600, OCG circuit 420CG
places a control signal on conductor SECM of order cable
4209 during time interval 6T8 of sequence state 1 of se-
quencer 431S.

SECM=(EMR) (1501) (CRM)(RC30)(6T8) (38UFE)

This signal causes flip-flop ECM in flip-flop group 33SC1
to be SET. The actions which occur during a critical
match operation by signal processor 200 are described
elsewhere herein in association with the maintenance area
of signal processor 200,

During the next time interval 12T14, sequencer 43IS is
advanced from sequence state 1 to sequence state 2. OCG
circuit 420CG places a control signal on conductor STFF2
of sequence control cable 4201 which causes flip-flop IFF2
of sequencer 43IS to be SET.

SIFF2=(32PR)(I1S12)(12T14)

As a result of the read-data communications operation
CSRD-B initiated as described above, the data obtained
from Signal Processor Call Store System 172 was placed
in register 21BR at sometime during the time period be-
ginning with time interval 9T11 of sequence state 1 of se-
quencer 43IS and ending with the interval 21T1 of se-
quence state 2 of sequencer 4318 These actions have been
previously described hereinabove.

During time interval 19T3 of sequence state 2 of se-
quencer 43IS OCG circuit 420CG places a gating signal
on conductor BRUB of order cable 4209,

BRUB=(EMR)(1523)(1973)

In response to this signal, the information stored in bit
positions BR22-BRO of register 21BR is gated through
AND gate 2105 to bit positions UB22-UB0 of unmasked
bus 30UB. The information thus placed on unmasked bus
30UB is the data obtained from Signal Processor Call
Store System 172 during the read-data communications
operation CSRD-8 initiated as described above.

The information on bit positions UB22-UB0 of un-
masked bus 30UB is transmitted without modification
through combination logic 30CBL to bit positions MB22—
MBO of masked bus 30MB. During time interval 19T1 of
sequence state 2 of sequencer 43IS, OCG circuit 420CG
places a gating signal on one of the conductors MBFR,
MBJR, MBKR, MBLR, MBPR, MBQR, MBXR or
MBYR of order cable 4209. The selection of the conduc-
tor on which this gating signal is placed is made in accord-
ance with the aforenoted signal from decoder 130D on
one of its output conductors OFR1-OYR1 of OCG cable
4600,

MBFR=(EMR)(IS23)(0FR1)(19T1)
MBIR=(EMR)(1523)(OJR1)(19T1)

MBKR=(EMR)(1523) (OKR1)(19T1)
MBLR=(EMR)(I523)(OLR1) (19T1)
MBPR=(EMR)(IS23) (OPR1)(19T1)
MBQR=(EMR)(1523) (OQR1)(19T1 )
MBXR:(EMR)(ISZ3)(0XR1)(19T1)
MBYR:(EMR)(ISZ3)(OYRI)(19T1)

In response to this signal the information stored in the
specified register is gated to unmasked bus 30UB. For
example, a signal on conductor MBFR of order cable
4209 causes the information on bit positions MB22—-MB0
of masked bus 30MB to be gated through AND gates
2501 to bit positions FR22-FRO of register 25FR. The
single rail information on masked bus 30MB is converted
to double rail information by AND gates 2501 for storage
in register 25FR.

During the next time interval 2T4, sequencer 4318 is
advanced from sequence state 2 to sequence state 3. OCG
circuit 420CG places a control signal on conductor
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RIFF1 of sequence control cable 4201 which causes flip-
flop IFF1 in sequencer 4318 to be RESET,

RIFF1=(1523) (3808E) (2T4)(SI8%5)

OCG circuit 420CG places a signal on conductor
CSRI-A of order cable 4209 during sequence states 2 and
3 of sequencer 43I8.

CSRI-A=(EMR)(1523)

This signal initiates a read-instruction communications
operation CSRI-A whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by the
address “a-}-1” stored in register 21AR. Upon receipt of
the instruction word, signal processor 200 commences the
execution of the machine instruction defined thereby.

Register to list machine instruction RLM

The register to list machine instruction RLM is a single
binary word having a memory location in Signal Proc-
essor Call Store System 172 defined by address “a.” The
instruction word includes parity information (bit 23);
information defining a register to list machine instruction
RLM (bits 22-20); information specifying the particular
register in signal processor 200 whose content will be
moved to a memory location in Signal Processor Call
Store System 172 during execution of this machine instruc-
tion RLM (bits 18-16); information specifying the manner
in which the address defining the memory location in Sig-
nal Processor Call Store System 172 into which data is to
be placed will be generated during execution of this ma-
chine instruction RLM (bit 19); information specifying
whether or not a critical match operation is required dur-
ing execution of this machine instruction RLM (bit 15);
and information (address “a”) which provides a basis for
generating the address of the memory location in Signal
Processor Call Store System 172 into which the content
of the specified register will be placed during execution of
this machine instruction RLM (bits 14-0).

During execution of a machine instruction RLM, the
binary value of the address “a” defined by bits 14-0 of
the instruction word either is increased or is decreased by
a value of two and the content of the specified register is
moved to the memory location defined by the modified
address “x=+2.” The instruction word is then modified so
as to contain the modified address “a=2" in bits 14-0
thereof, and is stored at the same memory location in the
Signal Processor Call Store 172 (address “a™) from which
the machine instruction RLM originally was obtained.

This machine instruction RLM provides a technique for
placing information in an ordered list of memory locations
in the Signal Processor Call Store System 172. Entries are
inserted in every other memory location of the list each
time this machine instruction RLM is executed. The reason
for utilizing alternate list entries (i.e. alternate memory
locations) will be apparent from the description given later
herein of list hunt machine instruction LMH.

As previously described, during the read-instruction
communications operation CSRI- by means of which the
instruction word defining machine instruction RLM is ob-
tained from Signal Processor Call Store System 172,
sequencer 4318 is returned to sequence state 0 during time
interval 9T11, the binary value of the information stored
in register 21AR (address “a”) is increased by a value of
one to generate the address “a+1” defining the next
sequential memory location in Signal Processor Call Store
System 172, and the instruction word obtained from the
memory location defined by address “¢” is simultaneously
placed in registers 13IR and 21BR.

The instruction word stored in register 13IR is examined
by decoder 13ID to ascertain the machine instruction
identified thereby. Decoder 13ID places a signal on its
output conductor ERLM if the information in bit posi-
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tions IR22-IRO of register 13IR defines a register to list
machine instruction RLM.

ERLM=(TE22) (IR21) (TR20)

In response to the signal on conductor ERLM of cable
1311, decoder 130D examines the remainder of the in-
struction word stored in register 13IR. Decoder 130D
places a signal on its output conductor CP if the informa-
tion in bit position IR19 of register 13IR indicates that the

binary value of address “a” is to be increased.

CP=(ERLM)(IR19)

Decoder 131D places a signal on its output conductor CM
if the information in bit position 1R19 of register 13IR
indicates that the binary value of address “«” is to be de-
creased.

CM=(ERLM)(IR19)

Decoder 130D examines the information in bit positions
IR18-IR16 of register 13IR to identify the particular

register in signal processor 200 whose content will be ~

moved to a memory location, Decoder 130D place a sig-
nal on one of its output conductors OFR1, OJR1, OKR],
OLR1, OPR1, OQR1, OXR1 or OYR1 which respectively
identify registers 25FR, 22JR, 20KR, 22LR, 24PR, 19QR,
23XR and 23YR of signal processor 200.

OFR1=(ERLM){TRE18) (FRT1: ) (TR186)
OJR1={(ERLM) (TR18) (TR17) (IR16)
OKR1=(ERLM)(TR18)(IR17)}(TK16)
OLR1={(ERLM) (TR18)(IR17)(IR16)
OPR1=(ERLM){((IR18)(TRI7) (TR16)
OQR1=(ERLM)(IR18) (TR17) (IR16)
OXR1=(ERLM)(IR18)(TR17)(TF16)
OXR1=(ERLM)(IR18) (IR17) (TF16)

Decoder 130D places a signal on its output conductor
CRM if the information in bit position IR15 of register
131IR indicates that a critical match operation is required
during execution of this machine instruction RLM.

CRM=(ERLM)(IR15)

During sequence states 0 and 1 of sequencer 431S OCG
circuit 420CG maintains a signal on one of the con-
ductors BRMC or BRPC of order cable 4209 in accordance
with the signal from decoder 130D on one of the con-
ductors CP or CM of OCG cable 4600.

BRMC=(ERLM)(IS01) (CM)
BRPC=(ERLM)(I501)(CP)

A signal on conductor BRMC of order cable 4209 controls
incrementing control circuit 2107 so that the binary value
of information stored in register 21BR will be decreased
in response to incrementing control signals. A signal on
conductor BRPC of order cable 4209 controls increment-
ing control circuit 2107 so that the binary value of the
information in register 21BR will be increased in response
to incrementing control signals.

During the time interval 2T4 immediately following
storage of the instruction word in registers 13IR and 21BR
sequencer 43IS is advanced from sequence state 0 to
sequence state 1. OCG circuit 420CG places a control sig-
nal on conductor SIFF1 of sequence control cable 4201
which causes flip-flop IFF1 in sequencer 43IS to be SET.

SIFF1=(1501) (38CSE)(ENTK)(2T4)

During the same interval 2T4, as sequencer 4318 is
advancing from sequence state 0 to sequence state 1, 0oCG
circuit 420CG places an incrementing control signal on
conductor BR2CT of order cable 4209.

BR2CT=(ERLM) (IS01) (38CRE) (2T4)

This incrementing control signal controls incrementing
control circuit 2107 so that the binary value of the
information stored in bit positions BR14-BR0 of register
21BR is increased or decreased by a value of two in
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accordance with which of the conductors BRMC or BRPC
is energized, as described above. Accordingly, the address
“x™ stored in bit positions BR14-BRO of register 21BR
is modified to generate the address “g+2” or “a—2”
which defines the next memory location of the list in
Signal Processor Call Store System 172 into which data
will be placed.

In response to the signal from decoder 13ID on its
output conductor ERLM of OCG cable 4600, OCG cir-
cuit 420CG places a control signal on conductor CSW-AS
of order cable 4209.

CSW-AS=(ERLM)(I501)

This signal initiates a write-data communications opera-
tion CSW-AS whereby the instruction word, including
the modified address “a-=2" stored in register 21BR, is
written into the memory location in Signal Processor Call
Store System 172 defined by the address “a” from which
the instruction word was originally obtained. As de-
scribed earlier hereinabove, register 12ASR always con-
tains the last address transmitted to the Signal Processor
Call Store System 172 during a communications opera-
tion. Accordingly, bit positions AS14-ASQ of register
12ASR presently contain address “a” which was trans-
mitted to Signal Processor Call Store System 172 during
the read-instruction communications operation CSRI by
means of which the instruction word defining machine
instruction RLM was obtained.

During the next time interval 12T14, sequencer 43IS
is advanced from sequence state 1 to sequence state 2.
OCG circuit 420CG places a control signal on conductor
SIFF2 of sequence control cable 4201 which causes flip-
flop IFF2 in sequencer 43IS to be SET.

SIFF2—(32PE) (IS12) (12714)

During time interval 9T18 of sequence states 1 and 2
of sequencer 43IS, the OCG circuit 420CG places a
gating signal on conductor BRUB of order cable 4209.

BRUB=(ERLM)(I1S12)(9T18)

In response to this signal, the information stored in bit
positions BR22-BRO of register 21BR (the instruction
word including the modified address “a=2") is gated
through AND gates 2105 to bit positions UB22-UB0O
of unmasked bus 30UB. This information is transmitted
without modification through combination logic 30CBL
to bit positions MB22-MBO0 of masked bus 30MB.

As described previously hereinabove, during time in-
terval 14T16 of a write-data communications operation
CSW- , the information on masked bus 30MB is trans-
mitted over cable 3051, through bus selection gate 2900
and over Signal Processor Call Store Write Data Bus
System 6203 to Signal Processor Call Store System 172.
The information is then written into the memory location
in Signal Processor Call Store System 172 defined by the
address (address “g”) previously transmitted during time
interval 4T6 of the next preceding sequence state of
sequencer 43IS to the Signal Processor Call Store System
172. Accordingly, the modified instruction word, includ-
ing the modified address “a=2,” is written into the mem-
ory location defined by address “q” from which the
instruction word was originally obtained.

During the next time interval 2T4, sequencer 43IS
is advanced from sequence state 2 to sequence state 3.
A control signal is placed by OCG circuit 420CG on
conductor RIFF1 of sequence control cable 4201 which
causes flip-flop IFF1 in sequencer 431IS to be RESET.

RIFF1=(8T825) (1523) (38CSE) (2T4)

During sequence states 2 and 3 of sequencer 4318,
OCG circuit 420CG maintains a control signal on con-
ductor CSW-B of order cable 4209.

CSW-B=(ERLM)(1523)
This signal initiates a write-data communications opera-
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tion CSW-B whereby the information stored in a speci-
fied register in signal processor 200 is written into the
memory location in Signal Processor Call Store System
172 defined by the address “a=2" stored in bit positions
BR14-BRO of register 21BR. In accordance with the
previous description of a writé-data communications
operation CSW- , address “a=+2" is transmitted to the
Signal Processor Call Store System 172 during time in-
terval 4T6 of sequence state 3 of sequencer 431S.

If decoder 131D has placed a signal on its output con-
ductor CRM of OCG cable 4600, OCG circuit 420CG
now places a control signal on conductor RECM of order
cable 4209,

RECM=(ERLM)(1523) (CRM) (3BCTE) (RC30)(47T6)

This signal causes flip-flop ECM in flip-flop group 33SC1
to be RESET. This action terminates a critical match
operation by signal processor 200 which is described later
herein in association with the maintenance area of signal
processor 200.

During the next time interval 12T14, sequencer 43IS
is advanced from sequence state 3 to sequence state 4.
OCG circuit 420CG places a control signal on conduc-
tor SIFF3 of sequence control cable 4201 which causes
flip-flop IFF3 in sequencer 43IS to be SET.

SIFF3=(32PR)(I$34)(12T14)

During time interval 9T18 of sequence states 3 and 4
of sequencer 43IS, OCG circuit 420CG places a gating
signal on one of the conductors FRUB, JRUB, KRUB,
LRUB, PRUB, QRUB, XRUB or YRUB of order cable
4209. Selection of one of these conductors is made by
OCG circuit 420CG in accordance with the aforenoted
signal from decoder 130D on one of its output conduc-
tors OFR1-OYR1 of OCG cable 4600,

FRUB=(ERLM) (1534) (OFR1) (9T18)
JRUB=(ERLM) (I534) (OJR1)(9T18)
KRUB=(ERLM) (I534) (OKR1)(9T18)
LRUB=(ERLM)(I534) (OLR1)(9T18)
_ PRUB=(ERLM)(i534) (OPR1)(ST18)
ORUB=(ERLM)(IS34) (OQR1)(9T18)
' XRUB=(ERLM) (IS34) (OXR1)(9T18)
YRUB=(ERLM)(I534) (OYR1)(9T18)

In response to this signal, the information stored in the
selected register is gated to uniasked bus 30UB. For
example, a signal on conductor YRUB of order cable
4209 gates the information stored in bit positions YR22-
YRO of register 23YR through AND gates 2314 to bit
positions UB22-UB0 of unmasked bus 30UB. The in-
formation thus placed on masked bus 30UB is transmitted
without modification through combination logic 30CBL
1o bit positions MB22-MBO0 of masked bus 30MB.

In accordance with the previous description of a write-
data communications -operation CSW-, during time in-
terval 14T16 the information on masked bus 30MB is
transmitted to the Signal Processor Call Store System 172
and is written into the memory location therein defined
by the address (address “a=2") previously transmitted
to the Signal Processor Call Store System 172. Accord-
ingly, the content of the specified register is written into
the memory location in Signal Processor Call Store sys-
tem 172 defined by the modified address “a+2."

During time interval 2T4, sequencer 43IS is advanced
from sequence state 4 to sequence state 5, OCG circuit
420CG places a control signal on conductor SIFF1. of
sequence control cable 4201 which causes flip-flop IFF1
in sequencer 431S to be SET. :

SIFF1=(1545) (STS39){SI43) (38CRE) (2T4)
During sequence states 4 and 5 of sequencer 4318, OCG

circuit 420CG places a contro! signal on conductor
CSRI-A of order cable 4209,
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CSRI-A=(ERLM) (1545)

This signal initiates a read-instruction communications
operation CSRI-A whereby the instruction word defining
the next machine instruction to be performed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by the
address information (address “a-}-1") stored in register
21AR.

List to register machine instruction LMR _

A list to register machine instruction LMR is a single
binary word having a memory location in the Signal Proc-
essor Call Store System 172 defined by address “a.” The
instruction word includes parity information (bit 23);
information identifying a list to register machine instruc-
tion LMR (bits 22-20); information specifying the par-
ticular register in signal processor 200 into which infor-
mation obtained from Signal Processor Call Store Sys-
tem 172 will be placed (bits 18-16); information specify-
ing whether or not a critical match operation must be
performed (bit 15); information (address “=”) identify-
ing the last memory location within the list of memory
locations in Signal Processor Call Store System 172 as-
sociated with this machine instruction LMR from which
data was obtained by means of a previous execution of
this machine instruction LMR (bits 14-0); and informa-
tion specifying the manner in which the address “«”
must be modified to generate the address defining the
memory location in Signal Processor Call Store System
172 from which data will be obtained during this execu-
tion of this machine instruction LMR (bit 19).

Machine instruction LMR is the converse of the pre-
viously described machine instruction RLM. The ar-
rangement of memory locations within Signal Processor
Call Store System 172 is identical to that wherein data
was placed by means of a machine instruction RLM de-
scribed above.

As previously described, during the read-instruction
communications operation CSRI- by means of which the
instruction word defining machine instruction LMR is
obtained from Signal Processor Call Store System 172,
sequencer 43IS is returned to sequence state 0 during
time interval 9T11, the binary value of the information
(address “a”) stored in register 21AR is increased by one
to generate address “g--1" defining the next sequential
memory location in Signal Processor Call Store System
172, and the instruction word obtained from the memory
location defined by address “a” is simultaneously placed
in registers 13IR and 21BR.

The instruction word stored in register 13IR is ex-
amined by decoder 13ID to ascertain the machine in-
struction defined thereby. Decoder 131D places a signal
on its output conductor ELMR if the information in bti
positions IR22-IR20 defines list to register machine ‘in-
struction LMR.

ELMR=(TR22)(IR21)(IR20)

In response to a signal on conductor ELMR of cable
1311, decoder 130D examines the information in bit
positions IR18-IR16 of register 13IR to determine the
particular register in signal processor 200 into which in-
formation will be placed during execution of this ma-
chine instruction LMR. Decoder 130D places a signal
on one of its cutput conductors OFR1, OJR1, OKRI,
OLR1, OPRI, OQRI1, OXR!1 or OYR1 which respec-
tively identify registers 25FR, 22JR, 20KR, 22LR, 24PR,
19QR, 23XR and 23YR in signal processor 200,

OFR1=(ELMR) (TR18) (TR17) (TRT6)
OJR1=(ELMR) (TRT8) (TRT7) (IR16)
OKR1=(ELMR)(TRT8) (IR17) (7ET6)
OLR1=(ELMR)(ITET8) (IR17) (IR16)
OPR1=(ELMR) (IR18) (TRT7) (TRT6)
OQR1=(ELMR)(IR18) (TE17) (IR16)
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OXR1=(ELMR)(IR18) (IR17) (TR16)
OYR1=(ELMR) (IR18) (IR17) (IR16)

If the information in bit position IR15 of register 13]JR
indicates that a critical match operation is required, de-
coder 130D places a signal on its output conductor CRM.
Otherwise, no signal is placed on conductor CRM.

CRM=(ELMR)(IR15)

The information in bit position IR19 of register 13IR is
decoded by decoder 130D to ascertain whether the ad-
dress “«” included in the instruction word must be in-
creased or decreased to generate the address defining the
memory location in Signal Processor Call Store System
172 from which data is to be obtained. Decoder 130D
places a signal on its output conductor CP if the binary
value of address “o”™ must be increased. If the binary value
of address “«” must be decreased, decoder 130R places a
signal on its output conductor CM.

CP=(TR18)(ELMR)
CM=(IR19)(ELMR)

During sequence states 0 and 1 of sequencer 4318, OCG
circuit 420CG places a control signal on one of the con-
ductors BRPC or BRMC of order cable 4209. Selection
of one of these conductors is based on the aforenoted
signal from decoder 130D on one of the conductors CP or
CM of OCG cable 4600.

BRPC—=(ELMR)(1501)(CP)
BRMC=(ELMR)(1501)(CM)

A signal on conductor BRPC of order cable 4209 con-
trols incrementing control circuit 2107 so that the binary
value of information in register 21BR is increased in re-
sponse to incrementing control signals. A signal on con-
ductor BRMC of order cable 4209 controls incrementing
control circuit 2107 so that the binary value of informa-
tion in register 21BR is decreased in response to incre-
menting control signals.

During the time interval 2T4 following the storage of
the instruction word in registers 13IR and 21BR, sequencer
43IS is advanced from sequence state 0 to sequence state
1. OCG circuit 420CG places a control signal on con-
ductor SIFF1 of sequence control cable 4201 which
causes flip-flop IFF1 in sequencer 43IS to be SET.

SIFF1=(1501) (38CFE)(ENTK)(2T4)

During the same time interval 2T4, as sequencer 43IS
is being advanced from sequence state 0 to sequence state
1, OCG circuit 420CG places an incrementing control
sngnal on conductor BR2CT of order cable 4209.

BR2CT=(ELMR) (1501) (38CRE) (2T4)

This signal, in combination with the aforenoted signal on
one of the conductors BRPC or BRMC of order cable
4209, controls incrementing control circuit 2107 so that
the binary value of information stored in bit positions
BR14-BRO of register 21BR is increased or decreased by
a value of two, Accordmgly, the address “a” included in
the instruction word is modified to generate the address
“a+2” defining the memory location in Signal Processor
Call Store System 172 from which data is to be obtained
during the execution of this machine instruction LMR.

During sequence states 0 and 1 of sequencer 43IS in
response to the signal from decoder 13ID on conductor
ELMR of OCG cable 4600, OCG circuit places a control
signal on conductor CSW-AS of order cable 4209.

CSW-AS=(ELMR)(1501)

This signal initiates a write-data communications opera-
tion CSW-AS whereby information is written into the
memory location in Signal Processor Call Store System
172 defined by the address “a” presently stored in register
12ASR. As noted prekusly, register 12ASR always con-
tains the last address transmitted by signal processor 200
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to Signal Processor Call Store System 172. Accordingly,
register 12ASR presently contains address “a” which was
transmitted to Signal Processor Call Store System 172
during the read-instruction operation CSRI- by means of
which the instruction word defining machine instruction
LMR was obtained. In accordance with the previous de-
scription of a write-data communications operation CSW-,
address “a” is transmitted to Signal Processor Call Store
System 172 during time interval 4T6 of sequence state 1
of sequencer 431S,. - -

During the next time mterval 12T14, sequencer 43IS
is advanced from sequence state 1 to sequence state 2. A
control signal is placed by OCG circuit 420CG on con-
ductor SIFF2 of sequence control cable 4201 which causes
flip-flop IFF2 in sequencer 43IS to be SET.

* SIFF2=(32PF) (IS12) (12T14)

During time interval 9T18 of sequence states 1 and 2
of sequencer 43IS, the instruction word including modi-
fied address “a=+2" is gated from register 21BR to un-
masked bus 30UB. OCG circuit 420CG places a gating
signal on conductor BRUB of order cable 4209, :

" BRUB=(ELMR) (I512) (9T18)

In response to this signal, the information in bit positions
BR22-BRO of register 21BR is gated through AND gates
2105 to bit posmons UB22-UBO0 of unmasked bus 30UB.
This information is transmitted without modification
through combmatlon logic 30CBL to bit positions MB22-
MBO.

In accordance with the previous description of a write-
data communications operation CSW-, during time inter-
val 14T16 of sequence state 2 of sequencer 43IS the in-
formation on masked bus 30MB is transmitted to Signal
Processor Call Store System 172 and written into the
memory location therein which is defined by address “a.”
Accordingly, the instruction word including the modlﬁed
address “a=+2" is written into the same memory location
in Signal Processor Call Store System 172 from which it
originally was obtained.

During the next time interval 2T4, sequencer 43IS is
advanced from sequence state 2 to sequence state 3 if no
communications error was detected during the communi-
cations operation CSW-AS described above. OCG circuit
420CG places a control signal on conductor RIFF1 of
sequence control cable 4201 which causes flip-flop IFF1
in sequencer 43IS to be RESET.

RIFF1=(ELMR)(I523)(380FE)(2T4)

During time interval 4T6 of sequence state 3 of se-
quencer 4318, if a signal from decoder 130D is not ob-
served on conductor CRM of OCB cable 4600, OCG cir-
cuit 420CG places a control signal on conductor RECM
of order cable 4209.

SECM=(ELMR)(1523) (CRM) (RC30)(6T8) (38CRE)

This signal causes flip-flop ECM of ﬁip—ﬂop group 335C1
to be SET. The significance of this action will be described
later herein in association with the mamtenance area of
signal processor 200,

During sequence states 2 and 3 of sequencer 43IS,
OCG circuit 420CG maintains a control signal on con-
ductor CSRD-B of order cable 4209,

CSRD-B=(ELMR)(1523)

This signal initiates a read-data communications opera-
tion CSRD-B whereby data is obtained from the memory
location in Signal Processor Call Store System 172 defined
by the address “az£2" presently stored in register 21BR.
In accordance with the previous description of a read-
data communications operation CSRD-, this data is re-
ceived by signal processor 200 at some time during the
period beginning with time. interval 9T11 of sequence
state 3 of sequencer 431S and ending with time interval
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21T1 of sequence state 4 of sequencer 43IS. The data
thus received is stored in register 21BR.

During the next time interval 12T14, sequencer 43IS
is advanced from sequence state 3 to sequence state 4,
OCG circuit 420CG places a control signal on conductor
SIFF3 of sequence control cable 4201 which causes flip-
flop IFF3 in sequencer 431S to be SET.

SIFF3=(32PR)(1534) (12T14)

During time interval 19T3 of sequence state 4 of se-
quencer 431S, the data obtained as a result of the com-
munications operation CSRD-B is gated from register
21BR to unmasked bus 30UB. OCG circuit 420CG
places a gating signal on conductor BRUB of order cable

209,

BRUB=(ELMR) (1545)(19T3)

In response to this signal the information in bit positions
BR22-BRO of register 21BR is gated through AND gates
2105 to bit positions UB22-UBO of unmasked bus 30UB.
This information is transmitted without modification
through combination logic 30CBL to bit positions MB22—
MBO of masked bus 30MB.

During time interval 19T1 of sequence state 4 of se-
quencer 43IS, OCG circuit 420CG places a signal on one
of the conductors MBFR, MBIR, MBKR, MBLR, MBPR,
MBQR, MBXR or MBYR of order cable 4209. Selection
of one of these conductors is made in accordance with
the aforenoted signal from decoder 130D on one of the
conductors OFR1-OYR1 of OCG cable 4600.

MBFR=(ELMR)(1545) (OFR1) (1971)
MBJR=(ELMR)(IS45) (OJR1) (19T1)

MBKR=(ELMR) (I545) (OKR1) (19T1)
MBLR—(ELMR)(IS45) (OLR1)(15T1)
MBPR=(ELMR) (I545) (OPR1) (19T1)
MBQR=(ELMR) (IS45) (OQR1) (19T1)
MBXR=(ELMR)(I§45) (OXR1) (19T1)
MBYR=(ELMR)(IS45) (OYR1) (19T1)

In response to this signal, the information on masked
bus 30MB is gated into the selected register. For example,
a signal on conductor MBIR of order cable 4209 gates
the information on bit positions MB22-MB0 of masked
bus 30MB through AND gates 2202 and OR gates 2204
to bit positions JR22-JRO of register 22JR. The single
rail information on masked bus 30MB is converted to
double rail information by AND gates 2202 for storage
in register 22JR. Accordingly, the data obtained as a
result of the aforenoted communications operation
CSRD-B is now stored in the register defined by the out-
put signal from decoder 130D.

During .the next time interval 2T4, sequencer 43IS
is advanced from sequence state 4 to sequence state 5.
OCG circuit 20CG places a signal on conductor SIFF1
of sequence control cable 4201 which causes flip-flop
IFF1 in sequencer 43IS to be SET.

SIFF1=(I545) (ST535) (ST543) (38CFE) (2T4)

During sequence states 4 and 5 of sequencer 431S,
OCG circuit 420CG places a control signal on conductor
CSRI-A of order cable 4209.

CSRI-A=(ELMR)(I545)

This signal initiates a read-instruction communications
operation CSRI-A whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by the
address “a--1” stored in register 21AR. Upon completing
this communications operation CSRI-A, signal processor
200 commences execution of the machine instruction de-
fined by the instruction word obtained from Signal Proces-
sor Call Store System 172.

Register addressed read machine instruction RAR
A register addressed read machine instruction RAR
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is a single binary word having a memory location in
Signal Processor Call Store System 172 defined by ad-
dress “a.” The instruction word includes parity informa-
tion (bit 23); information identifying a machine instruc-
tion RAR (bits 22-16); information specifying whether
or not a critical match operation is required during execu-
tion of this machine instruction RAR (bit 15); informa-
tion specifying whether the data obtained from Signal
Processor Call Store System 172 during execution of this
machine instruction RAR is to be considered merely as
data or as an instruction word defining the next machine
instruction to be executed by signal processor 20¢ (bit
14); information specifying a particular register in signal
processor 200 whose content (address “«™), modified or
unmodified, defines the memory location in Signal Proc-
essor Call Store System 172 from which data is to be
obtained during execution of this machine instruction
RAR (bits 11-9); information specifying a particular
register in signal processor 200 into which the data ob-
tained from Signal Processor Call Store System 172
during execution of this machine instruction RAR will
be placed (bits 8-6); information specifying whether
address “a” must be increased or decreased to generate
the address defining the memory location in Signal Proc-
essor Call Store System 172 from which data will be
obtained during execution of this machine instruction
RAR (bit 0); and information specifying the amount by
which the binary value of address “a” must be increased
or decreased to generate the address defining the memory
location from which data will be obtained during execu-
tion of this machine instruction RAR (bits 3~1).

At some time prior to the execution of a machine in-
struction RAR, data (address “a”) is placed into one of
the registers 25FR, 22JR, 20KR, 22LR, 24PR, 19QR,
23XR or 23YR of signal processor 200 which defines a
memory location in Signal Processor Call Store System
172. During execution of a machine instruction RAR,
the binary value of address “a” is increased or decreased
by some value from zero through five. The data stored
at the memory location in Signal Processor Call Store
System 172 defined by the modified address “a” is then
obtained and stored in a second register in signal proc-
essor 200.

The information thus obtained from Signal Processor
Call Store System 172 may be either data or an instruc-
tion word defining another machine instruction, Accord-
ingly, the information can be treated by signal processor
200 either as data or as an instruction word defining- a
machine instruction which, when executed, results in a
transfer to another machine instruction. For example,
following execution of the jump-return option noted at
several places earlier herein machine instruction RAR
is used to obtain the next instruction word to be executed
by signal processor 200 from the memory location in
Signal Processor Call Store System 172 defined by the
address information stored in register 22JR.

As previously described, during the read-instruction
communications operation CSRI- by means of which the
instruction word defining machine instruction RAR was
obtained from Signal Processor Call Store System 172,
instruction sequencer 43IS was returned to sequence state
0 during time interval 12T14, the binary value of infor-
mation stored in register 21AR (address “a") was in-
creased by one to generate the address “g+1” defining
the next memory location in Signal Processor Call Store
System 172, and the instruction word obtained from the
memory location defined by address “a” was simultane-
ously placed in registers 13IR and 21BR.

The instruction word stored in register 13IR is de-
coded by decoder 131D to ascertain the machine instruc-
tion identified thereby. If the information in bit positions
IR22-IR16 defines a machine instruction RAR, decoder
13ID places a signal on its output conductor ERAR.

ERAR=(TR2Z) (IR31) (TF20)
UR19)(TR18)(TR17)(TRIG)
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In response to a signal on conductor ERAR of cable
1311, decoder 13ID examines the remainder of the in-
struction word stored in register 13IR, Decoder 13ID
places a signal on its output conductor CRM if the in-
formation in bit position IR15 of register 13IR indicates
that a critical match option must be performed during
execution of this machine instruction RAR.

CRM=(ERAR)(IR15)

If the information in bit position IR14 of register 13IR
indicates that information obtained from Signal Proces-
sor Call Store System 172 during execution of this ma-
chine instruction RAR is to be treated as data, decoder
13ID places a signal on its output conductor DATA

DATA=(ERAR)(IR14)

If the information in bit position IR14 of register 13IR
indicates that the information obtained from Signal Proc-
essor Call Store System 172 during execution of this
machine instruction RAR is to be treated as an instruc-
tion word, decoder 130D places a signal on its output
conductor INS.

INS=(ERAR)(IR14)

In accordance with the content of bit positions IR11-IR9
of register 13IR, decoder 13ID places a signal on one
of its output conductors OFR1, OJR1, OKR1, OLRI,
OPR1, OQRI1, OXR1 or OYR1 which respectively
identify registers 25FR, 22JR, 20KR, 22LR, 24PR, 19QR,
23XR and 23YR in signal processor 200.

OFR1=(ERAR) (IRTI) (TRI0) (TRS)
OJR1=(ERAR) (TR11) (TR10) (IR9)
OKR1=(ERAR)(TR11) (IR10) (TF9)
OLR1=(ERAR)(TRI1) IR10)(IR9)
OPR1=(ERAR)(IR11) (TE10) (TED)
OQR1=(ERAR)(IR11) (TE10) (IR9)
OXR1=(ERAR)(IR11)(IR10) (TR9)
OYR1=(ERAR)(IR11)(IR10) (IR9)

In accordance with the information in bit positions IR8-
IR6 of register 13IR, decoder 130D places a signal on
one of its output conductors OFR2, OJR2, OKR2, OLR2,
OPR2, OQR2, OXR2, or OYR2 which respectively
define registers 25FR, 22JR, 20KR, 22LR, 24PR, 19QR,
23XR, and 23YR in signal processor 200.

OFR2=(ERAR) (TFS) (TR7) (TK®)
OJR2=(ERAR)(ITRS) (IR7) (IR6)

OKR2=(ERAR)(TE3) (IR7) (TR6)
OLR2=(ERAR) (TR8) (IR7) (IR6)
OPR2=(ERAR)(IR8) (TR7)(IRG)
OQR2—(ERAR) (IR8) (TR7) (IR6)
OXR2=(ERAR)(IR8)(IR7) (TEB)
OYR2=(ERAR) (IR8) (IR7)(IR6)

In accordance with information in bit positions IR3-1R1
of register 13IR, decoder 130D places a signal on one
of its output conductors 10, 11, 12, 13, I4 or IS which re-
spectively specify the value 0, 1, 2, 3, 4 or 5 by which
address “a” must be increased or decreased.

10=(ERAR) (TR3) (TE2) (TF1)
11=(ERAR)(TR3)(TR2)(IR1)
12=(ERAR)(TR3) (IR2) (TR1)
I3=(ERAR) (TE3) IR2)(IR1)
14=(ERAR) (IR3) (IF2) (TF1)
I5=(ERAR)(IR3)(TR2)(IR1)

In accordance with the content of bit position IR0 of
register 13IR, decoder 130D places a signal on one of
its output conductors CP or CM which respectively indi-
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cate that the binary value of address “a”
creased or decreased.

CP=(ERAR)(TR0)
CM=(ERAR) (IR0)

All of the above output conductors from decoder 130D
and decoder 131D are connected through OCG cable
4600 to OCG circuit 420CG. :

During the time interval 2T4 following the storage of
the instruction word in registers 13IR and 21BR, se-
quencer 4318 is advanced from sequence state O to se-
quence state 1. OCG circuit 420CG places a control signal
on conductor SIFF1 of sequence control cable 4201 which
causes flip-flop IFF1 in sequencer 431S to be SET.

SIFF1=(1501)(38CRE)(ENTEK)(2T4)

During time interval 3T9 of sequence state 1 of se-
quencer 43IS, address “o” is gated from the register
specified by bits 11-9 of the instruction word to unmasked
bus 30UB. OCG circuit 420CG places a gating signal on
one of the conductors FRUB, JRUB, KRUB, LRUB,
PRUB, QRUB, XRUB or YRUB of order cable 4209,
The selection of one of the above conductors of order
cable 4209 is made in accofdance with the aforenoted
signal from decoder 130D on one of the conductors
OFR1-0YR1 of OCG cable 4600.

FRUB=(ERAR)(1501) (OFR1) (3T9)
JRUB=(ERAR)(I501) (OJR1) (379)

KRUB—(ERAR)(I1501) (OKR1)(379)
LRUB=(ERAR)(1501)(OLR1)(3T9)
PRUB=(ERAR) (IS01) (OPR1)(3T9)
QRUB=(ERAR) (1501)(OQR1)(3T9)
XRUB=(ERAR) (i501) (OXR1) (3T9)
YRUB=(ERAR)(IS01)(OYR1)(379)

In response to this signal, the content of the specified
register is gated to unmasked bus 30UB. For example, a
signal on conductor FRUB of order cable 4209 gates the
information in bit positions FR22-FRO of register 25FR
through AND gates 2504 to bit positions UB22-UB0 of
unmasked bus 30UB. This information is transmitted with-
out modification through combination logic 30CBL to bit
positions MB22-MBO0 of masked bus 30MB.

During time interval 3T7 of sequence state 1 of se-
quencer 43IS, address “«” is gated from masked bus
30MB to register 21BR. OCG circuit 420CG places a
signal on conductor MBBR of order cable 4209.

MBBR=(ERAR)(1501) (38CRE) (RC30) (3T7)

In response to this signal the information on bit positions
MB22-MBO of masked bus 30MB is gated through AND
gates 2102 and OR gates 2104 to bit positions BR22-BR0
of register 21BR. The single rail information on masked
bus 30MB is converted to double rail information by
AND gates 2102 for storage in register 21BR.

During sequence states 1 and 2 of sequencer 431S, OCG
circuit 420CG maintaing a control signal on one of the
conductors BRPC or BRMC of order cable 4209. The
selection of one of the above conductors is made in ac-
cordance with the aforenoted signal from decoder 130D
on one of the conductors CP or CM of OCG cable 4600.

BPRC=(ERAR)(CP)(I512)
BRMC=(ERAR)(CM) (I512)

As noted previously, a signal on conductor BRMC con-
trols the incrementing control circuit 2107 associated with
register 21BR so that the binary value of information in
register 21BR will be decreased in response to increment-
ing control signals. A signal on conductor BRPC controls
incrementing control circuit 2107 so that the binary value
of information in register 21BR will be increased in
response to incrementing control signals.

The content of bit positions BR14-BRO of register
21BR can be incremented in two sequential steps. The
first incrementing step occurs during time interval §T10

must be in-



3,408,628

181

of sequence state 1 of sequencer 43IS. During this time
interval, the binary value of information in bit positions
BR14-BRO can be increased or decreased by a value of
either 2 or 4. The second incrementing step occurs during
time interval 11T13 of sequence state 1 of sequencer 431S.
During this time interval, the binary value of information
in bit positions BR14-BRO can be increased or decreased
by a value of one. In this manner, the binary value of

information in bit positions BR14-BR0O can be modified’

by any value between minus five and plus five in two
sequential steps.

During time interval 8T10 of sequence state 1 of se-
quencer 43IS, OCG circuit places an incrementing control
signal on one of the conductors BR2CT or BR4CT of
order cable 4209 in accordance with the aforenoted signal
from decoder 130D on one of the conductors I0-15 of
OCG cable 4600.

BR2CT=(ERAR)(1S12)(8T10)[(I12)-(I3) 1 (RC30)
BRACT=(ERAR)(I512)(8T10)[(14)--(I5)1(RC30)

A signal on conductor BR2CT, in combination with the
aforenoted signal on one of the conductors BRPC or
BRMC of order cable 4209, causes address “a” in bit
positions BR14-BRO to be increased or decreased by a

value of two depending upon which of the conductors s

BRPC or BRMC is energized. Similarly, a signal on con-
ductor BR4CT causes address “a” to be increased or
decreased by a value of four depending upon which of
the conductors BRPC or BRMC is energized. If address
“a” is to remain unmodified or is to be increased or
decreased only by a value of one, no signal is placed on
either of conductors BR2CT or BR4CT as described
above,

During time interval 11T13 of sequence state 1 of se-
quencer 43IS, OCG circuit 420CG places a signal on
conductor BRICT of order cable 4209 if so required by
the aforenoted signal from decoder 130D on one of the
conductors 10-15 of OCG cable 4600,

BRICT=(ERAR)(IS12)(12T14) [ (J1) 4 (I3) - (I5)]
(RC30)

This signal, in combination with the aforenoted signal on
one of the conductors BRMC or BRPC of order cable
4209, causes incrementing control circuit 2107 to increase
or decrease the binary value of address “«” by a value of
one, depending upon which of the conductors BRPC or
BRMC is energized. This action is taken only if address
“a” must be increased or decreased by an odd number.

Also during time interval 12T14, sequencer 43IS is
advanced from sequence state 1 to sequence state 2. OCG
circuit 420CG places a control signal on conductor SIFF2
of sequence control cable 4201 which causes flip-flop IFF2
in sequencer 431IS to be SET,

SIFF2=(32PR)(IS12)(12T14)

During the next time interval 2T4, instruction sequencer
4318 is advanced from sequence state 2 to sequence state 3,
OCG circuit 420CG places a control signal on conductor
RIFF1 of sequence control cable 4201 which causes flip-
flop IFF1 in sequencer 431S to be RESET.,

RIFF1=(1823) (S1525) (38C8F) (2T4)

The actions taken by signal processor 200 at this point
in the execution of a machine instruction RAR depend
upon the nature of the information to be obtained from
Signa! Processor Call Store System 172. Tt will first be
assumed that this information is to be considered to be an
instruction word defining the next machine instruction to
be executed by signal processor 200. Accordingly, decoder
130D has placed a signal on its output conductor INS. In
response to this signal, OCG circuit 220CG places a con-
trol signal on conductor CSRI-B of order cable 4209 dur-
ing sequence states 2 and 3 of sequencer 43IS.
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CSRI-B=(ERAR)(I523) (INS)

This signal initiates a read-instruction communications
operation CSRI-B whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by address
“a” as modified, which is presently stored in register
21BR. In accordance with the previous description of a
read-instruction operation CSRI-, address “a,” as modi-
fied, is transmitted to Signal Processor Call Store System
172 during time interval 4T6 of sequence state 3 of
sequencer 431IS. Following the transmission of address
“a,” as modified, to Signal Processor Call Store System
172 address “a,” as modified, is moved from register 21BR
to register 21AR During time interval 6T8 of sequence
state 3 of sequencer 431S, OCG circuit 420CG places a
gating signal on conductor BRAR of order cable 4209.

BRAR=(ERAR)(I523)(INS)(6T8)

In response to this signal, the information in bit positions
BR14-BRO of register 21BR is gated from cable 2108
through AND gates 2114 and OR gates 2115 to bit posi-
tions AR14-ARO of register 21AR. The single rail infor-
mation on cable 2108 is converted to double rail informa-
tion by AND gates 2114 for storage in register 21AR.

Signal processor 200 now proceeds to complete the read-
instruction operation CSRI-B and then to execute the
machine instruction defined by the instruction word ob-
tained as a result of this communications operations
CSRI-B.

It will now be assumed that the information to be ob-
tained from the memory location in Signal Processor Call
Store System 172 defined by address “a,” as modified, is to
be treated by signal processor 200 as data rather than as an
instruction word. Accordingly, decoder 130D has placed a
signal on its output conductor DATA. In response to this
signal, OCG circuit 420CG places a control signal on con-
ductor CSRD-B of order cable 4209.

CSRD-B=(ERAR)(1523)(DATA)

This signal initiates a read-data operation CSRD-B
whereby data is obtained from the memory location in
Signal Processor Call Store System 172 defined by address
“a,” as modified which is presently stored in register 21BR,
As described earlier herein, the content of register 21AR,
which presently is address “a-1” defining the next mem-
ory location following that from which the present ma-
chine instruction RAR was obtained, remains unchanged
during a read-data communications operation CSRD—. In
accordance with the previous description of a read-data
operation CSRD-, address “«,” as modified, is transmitted
to Signal Processor Call Store System 172 during time in-
terval 4T6 of sequence state 3 of sequencer 43IS.

During that same time interval 4T6, if a signal from
decoder 130D on conductor CRM of OCG cable 4600
indicates that a critical match operation is required, OCG
circuit 420CG places a control signal on conductor
SECM of order cable 4209.

SECM=(ERAR) (1523)(CRM) (4T6) (DATA)
(388CFE)

This signal causes flip-flop ECM in flip-flop group 33SC1
to be SET. The significance of this action is described
later herein in association with the maintenance area of
signal processor 200.

During the next time interval 12T14, sequencer 43IS is
advanced from sequence state 3 to sequence state 4. OCG
circuit 420CG places a control signal on conductor SIFF3
of sequence control cable 4201 which causes flip-flop IFF3
in sequencer 43IS to be SET.

SIFF3=(32PR)(1534)(12T14)

In accordance with the previous description of a read-
data communications operation CSRD-, the information
obtained from Signal Processor Call Store System 172 as a
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result of the communications operation CSRD-B initiated
above is stored in register 21BR at some time between
time interval 9T11 of sequence state 3 of sequencer 43IS
and time interval 21T1 of sequence state 4 of sequencer
4318, Following its storage in register 21BR, this infor-
mation is gated by way of unmasked bus 30UB, com-
bination logic 30CBL and masked bus 30MB from regis-
ter 21BR to the register specified by bits 8-6 of the in-
struction word defining the machine instruction RAR pre-
sently being executed. During time interval 19T3 of
sequence state 4 of sequencer 431IS, OCG circuit 420CG
places a gating signal on conductor BRUB of order cable
4209.
BRUB=(ERAR)(I545)(19T3)

In response to this signal, the information in bit positions
BR22-BRO of register 21BR is gated through AND gates
2105 to bit positions UB22-UB0 of unmasked bus 30UB.
This information is transmitted without modification
through combination logic 30CBL to bit positions MB22-
MBO of masked bus 30MB,

During time interval 19T1 of sequence state 4 of
sequencer 431IS, OCG circuit 420CG places a gating sig-
nal on one of the conductors MBFR, MBJR, MBKR,
MBLR, MBPR, MBQR, MBXR or MBYR of order cable
4209, Selection of one of the above conductors is made in
accordance with the aforenoted signal from decoder
130D on one of the conductors OFR2-0OYR2 of OCG
cable 4600.

MBFR=(ERAR)(IS45)(OFR2}(19T1)
MBJR=(ERAR)(IS45)(OJR2)(19T1)
MBKR=(ERAR)(1545)(OKR2)(19T1)
MBLR=(ERAR)(IS45) (OLR2}(19T1)
MBPR=(ERAR)(I§45)(OPR2) (19T1)
MBQOR=(ERAR)(1545)(OQR2)(19T1)
MBXR={(ERAR)(1545)(0OXR2) (19T1)
MBYR=(ERAR)(IS45)(OYR2)(197T1)

In response to this signal, the information on masked bus
30MB is gated into the specified register. For example, a
signal on conductor MBQR of order cable 4209 gates the
information on bit positions MB22-MBO of masked bus
30MB through AND gates 1902 and OR gates 1905 to bit
positions QR22-QRO of register 19QR. The single rail in-
formation on masked bus 30MB is converted to double
rail information by AND gates 1902 for storage in regis-
ter 19QR.

During the next time interval 2T4, sequencer 43IS is
advanced from sequence state 4 to sequence state 5. OCG
circuit 420CG places a signal on conductor SIFF1 of

sequence control cable 4201 which causes flip-flop IFF1 in !

sequencer 431IS to be SET.
SIFF1—=(1545) (¥I539) (§7543) (38CFE) (2T4)

During sequence states 4 and 5 of sequencer 4318, OCG
circuit 420CG maintains a control signal on conductor
CSRI-A of order cable 4209.

CSRI-A=(ERAR)(I545)

This signal initiates a read-instruction communications
operation CSRI-A whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by address
“a-1-1” which is presently stored in register 21AR. Signal
processor 200 then proceeds to execute the machine in-
struction defined by the instruction word obtained as a
result of this read-instruction operation CSRI-A.

Register addressed write machine instruction RAW

A register addressed write machine instruction RAW
includes a single binary word having a memory location
in Signal Processor Call Store System 172 defined by ad-
dress “a.” The instruction word includes parity informa-
tion (bit 23); information defining machine instruction
RAW (bits 22-16); information specifying whether or
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not a critical match operation is required during execu-
tion of this machine instruction RAW (bit 15); infor-
mation specifying whether or not the parity bit which
accompanies the information to be written into Signal
Processor Call Store System 172 should be inverted (bit
14); information specifying the particular register in
signal processor 200 whose content (address “«”) will
be used as a basis for generating the address defining
the memory location in Signal Processor Call Store Sys-
tem 172 into which data will be placed during execution
of this machine instruction RAW (bits 11-9); informa-
tion specifying the particular register in signal processor
200 whose content is to be written into a specified mem-
ory location in Signal Processor Call Store System 172
(bits 8—6); information specifying the amount by which
address “o” must be increased or decreased to generate
the address defining the memory location in Signal Proc-
essor Call Store System 172 into which data will be writ-
ten (bits 3—1); and information specifying whether ad-
dress “a” must be increased or decreased to generate the
address defining the memory location in Signal Processor
Call Store System 172 into which data will be written
(bit 0).

Prior to the execution of a register addressed write
machine instruction RAW, information (address “a”) is
placed into a register in signal processor 200 which de-
fines the memory location in Signal Processor Call Store
System 172 into which data, previously stored in another
register in signal processor 200, is to be written during
execution of a machine instruction RAW. Address “«” is
increased or decreased as stipulated by bits 3-0 of the
instruction word. The content of the register specified by
bits 8—6 of the instruction word is written into the memory
location defined by the modified address “a.”

As previously described, during the read-instruction
communications operation CSRI~ by means of which the
instruction word defining machine instruction RAW was
obtained from Signal Processor Call Store System 172,
sequencer 43IS was returned to sequence state 0 during
time interval 9T11, the binary value of the information
(address “z”) in register 21AR was increased by one to
generate the address “a-4-1" defining the next sequential
memory location in Signal Processor Call Store System
172, and the instruction word obtained from the memory
location defined by address “a” was simultaneously placed
in registers 13IR and 21BR.

The instruction word stored in register 13IR is exam-
ined by decoder 13ID to ascertain the machine instruction
identified thereby. If the information in bit positions IR22~
IR16 of register 13IR defines machine instruction RAW,
decoder 13ID places a signal on its output conductor
ERAW.,

ERAW=(TR22) (IR21) (TR20)
(IR19) (TRI8) (TRIT) (IR16)

In response to a signal on conductor ERAW of cable
1311, decoder 130D examines the remaining information
in register 13IR. If the information in bit position IR15
of register 13IR indicates that a critical match operation
is required, decoder 130D places a signal on its output
conductor CRM. Absence of a signal from conductor
CRM indicates that no critical match operation is neces-
sary,

CRM=(ERAW)(IR15)

If the information in bit position IR14 of repister 13IR
indicates that the parity bit accompanying the informa-
tion to be transmitted to the Signal Processor Call Store
System 172 must be inverted, decoder 130D places. a sig-
nal on its output conductor OIP.

OIP—(ERAW)(IR14)

Tn accordance with the content of bit positions TR11-
IRY of register 13IR, decoder 130D places a signal on
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one of its output conductors OFR1, OJR1, OKR1, OLR1,
OPR1, OQR1, OXRI, or OYR1 which respectively spec-
ify registers 25FR, 22JR, 20KR, 221LR, 24PR, 19QR,
23XR and 23YR in signal processor 200, ’

OFR1=(ERAW)(TR11) (TR10) (TE9)
OJR1=(ERAW)(TR11)(TET10) (IR9)
OKR1=(ERAW)(TR11)(IR10)(TR9)
OLR1=(ERAW)(TRT1)(IR10) (IR9)
OPR1=(ERAW) (IR11) (TE10) (TR9)
OQR1=(ERAW)(IR11) (TR10) (IR9)
OXR1=(ERAW)(IR11)(IR10) (TED)
OYR1=(ERAW)(IR11)(IR10) (IR9)

In accordance with the centent of bit positions IRS-IR6,
decoder 130D places a signal on one of its output con-
ductors OFR2, OJR2, OKR2, OLR2, OPR2, OQR2,
OXR2 or OYR2 which respectively specify registers 25FR,
22)R, 20KR, 22LR, 24PR, 19QR, 23XR and 23YR in
signal processor 200.

OFR2=(ERAW)(TR8)(TE7) (TR6)
OJR2=(ERAW ) (TRR) (IR7)(IR6)

OKR2=(ERAW)(IE8)(IR7) (IR8)
OLR2=(ERAW)(TRB)(IR7)(IR6)
OPR2=(ERAW)(IR8)(TE7)(IR%)

OQR2=(ERAW)(IR8) (TRT)(IR6)
OXR2=(ERAW)(IR8) (IR7)(TK%)
OYR2=(ERAW)(IR8)(IR7) (IR6)

In accordance with the content of bit positions IR3-IR1
of register 13IR, decoder 130D places a signal on one of
its output conductors 10, 11, 12, 13, 4, or IS which respec-
tively define the amount by which address “a” must be
increased or decreased. .

I0=(ERAW)(TR3) (TR2) (IR1)
I1=(ERAW)(IR3)(TR2)(IR1)
I2=(ERAW)(TE3) (IR2) (TRT)
I3=(ERAW)(TR3)(IR2)(IR1)
14=(ERAW) (IR3) (TFZ) (TET)
I5=(ERAW)(IR3)(TR2)(IR1)

In accordance with the content of bit position IR0 of
register 13IR, decoder 130D places a signal on one of
its output conductors CP or CM which respectively specify
that the address “«” is to be increased or decreased during
execution of machine instruction RAW.

CP=(ERAW)(TR0)
CM=(ERAW)(IR0)

During the time interval 2T4 immediately following
the storage of the instruction word in registers 13IR and
21BR, sequencer 43IS is advanced from sequence state 0
to sequence state 1. OCG circuit 420CG places a control
signal on conductor SIFF1 of sequence control cable 4201
which causes flip-flop IFF1 in sequencer 43IS to be SET.

SIFF1=(1501) (38CFE) (FNTE) (274)

During time interval 3T9 of sequence state 1 of se-
quencer 43IS, address “a” is moved from the register
specified in the instruction word by way of unmasked
bus 30UB, combination logic 30CBL and masked bus
30MB to register 21BR. OCG circuit 420CG places a
gating signal on one of the conductors FRUB, JRUB,
KRUB, LRUB, PRUB, QRUB, XRUB or YRUB of order
cable 4209. Selection of one of the above conductors
is based upon the aforenoted signal from decoder 130D
on one of the conductors OFR1-OYR1 of OCG cable
4600,

FRUB=(ERAW)(I501) (OFR1)(379)
JRUB=(ERAW)(IS01)(OJR1)(3T9)

KRUB=(ERAW)(IS01)(OKR1)(3T9)
LRUB=(ERAW)(IS01)(OLR1)(3T9)
PRUB=(ERAW)(1501) (OPR1)(3T9)
QRUB=(ERAW}(1501)(OQR1)(3T9)
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XRUB=(ERAW)(IS01)(OXR1)(379)
YRUB=(ERAW)(I501)(OYR1)(379)

In response to this signal, the information in the specified
register is gated to unmasked bus 30UB. For example,
a signal on conductor PRUB of order cable 4209 gates
the information in bit positions PR22-PRO of register
24PR through AND gates 2436 to bit positions UB22-
UBO of unmasked bus 30UB. This information is trans-
mitted without modification through combination logic
30CBL to bit positions MB22-MBO of masked bus 30MB.
During time interval 3T7 of sequence state 1 of sequencer
4318, OCG circuit 420CG places a gating signal on con-
ductor MBBR of order cable 4209.

MBBR=(ERAWY)(1501)(38CSE)(RC30)(3T7)

In response to this signal, the information on bit posi-
tions MB22-MBO of masked bus 30MB is gated through
AND gates 2102 and OR gates 2104 to bit positions
BR22-BRO of register 21BR. The single rail information
on masked bus 36MB is converted into double rail in-
formation by AND gates 2102 for storage in register
21BR.

Following its storage in register 21BR, address “a”
is modified in accordance with the requirements specified
in the instruction word. During sequence states 1 and 2
of sequencer 431S, OCG circuit 420CG maintains a
control signal on one of the conductors BRPC or BRMC
of order cable 4209. The selection of one of the above
conductors is based upon the aforenoted signal from
decoder 130D on one of the conductors CP or CM of
OCG cable 4660.

BRPC=(ERAW)(IS12)(CP)
BRMC=(ERAW)(IS12){CM)

As previously described, a signal on conductor BRPC
controls incrementing control circuit 2107 associated with
register 21BR so that the binary value of information
in register 21BR will be increased in response to incre-
menting control signals. A signal on conductor BRMC
of order cable 4209 controls incrementing control cir-
cuit 2107 so that the binary value of information in
register 21BR will be decreased in response to increment-
ing control signals.

The modification of address “«™ during execution of
machine instruction RAW is identical to the modification
thereof, as previously described, during execution of
machine instruction RAR. During time interval 8T10 of
sequence state 1 of sequencer 43IS, OCG circuit 420CG
places an incrementing control signal on one of the con-
ductors BR2CT or BR4CT of order cable 4209 in accord-
ance with the aforenoted signal from decoder 130D on
one of the conductors I0-1I5 of OCG cable 4600.

BR2CT=(ERAW)(I512)(8T10)[(12)+(13) 1(RC30)
BRACT=(ERAW)(I512)(8T10) [ (14)+(15) 1(RC30)

A signal on conductor BR2CT controls incrementing con-
trol circuit 2107 so that the binary value of address “«”
stored in bit positions BR14-BRO of register 21BR is
increased or decreased by a value of two depending upon
which of the conductors BRPC or BRMC is energized.
A signal on conductor BR4CT controls incrementing
control circuit 2107 so that the binary value of address
“«” is increased or decreased by a value of four depend-
ing upon which of the conductors BRPC or BRMC is
energized.

During time interval 11T13 of sequence state 1 of
sequencer 43IS, OCG circuit 420CG places an incre-
menting control signal on conductor BRICT of order
cable 4209 if so specified by the aforenoted signal from
decoder 130D on one of the conductors 10-I5 of OCG
cable 4600.

BRICT=(ERAW)(IS12) (11713)
L) +(13)+(I5)1(RC30)
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A signal on conductor BR1CT controls incrementing con-
trol circuit 2107 so that address “o” stored in bit posi-
tions BR14-BRO is increased or decreased by a value of
one depending upon which of the conductors BRPC or
BRMC is energized.

During the next time interval 12T14, sequencer 43IS
is advanced from sequence state 1 to sequence state 2.
OCG circuit 420CG places a control signal on conductor
SIFF2 of sequence control cable 4201 which causes flip-
flop IFF2 in sequencer 43IS to be SET.

SIFF2=(32PR)(1512)(12T14)

During the next time interval 2T4, sequencer 43IS is
advanced from sequence state 2 to sequence state 3.
OCG circuit 420CG places a control signal on conductor
RIFF1 of sequence control cable 4201 which causes
flip-flop IFF1 in sequencer 43IS to be RESET.

RIFF1=(I523) (ST535) (38CSE) (2T4)

During sequence states 2 and 3 of sequencer 431S, OCG
circuit 420CG maintains a control signal on conductor
CSW-B of order cable 4209.

CSW-B=(ERAW)(I§23)

This signal initiates a write-data communications oper-
ation CSW-B whereby information from signal processor
200 is written into the memory location in Signal Proc-
essor Call Store System 172 defined by address “x,” as
modified, which is presently stored in register 21BR In
accordance with the previous description of a write-data
communications operation CSW-, address “a,” as mod-
ified, is transmitted to Signal Processor Call Store System
172 during time interval 4T6 of sequence state 3 of se-
quencer 43IS. If a signal is detected from decoder 130D
on conductor OIP of OCG cable 4600, OCG circuit
420CG places a control signal on conductor IP of order
cable 4209.

IP=(ERAW)(1523)(OIP) (348PR)

As described in the aforenoted description of a write-data
communications operation CSW—, data parity generator
11DPG computes the parity information which accom-
panies information transmitted to Signal Processor Call
Store System 172 for placement in a call store memory
location. A signal on conductor IP of order cable 4209
causes data parity generator 11DPG to invert the parity
information resulting from its parity computation, This
permits a test to be made on the parity checking circuits in
Signal Processor Call Store System 172,

During time interval 6T8 of sequence state 3 of se-
quencer 4318, if a signal from decoder 130D on conduc-
tor CRM of OCG cable 4600 is observed, OCG circuit
420CG places a control signal on conductor RECM of
order cable 4209.

RECM=(ERAW)(I823) (CRM) (6T8) (38CRE)

This signal causes flip-flop ECM in flip-flop group 33SC1
to be RESET. The significance of this action with refer-
ence to a critical match operation is described later herein
in association with the maintenance area of signal proc-
essor 200.

During the next time interval 12T14, sequencer 43IS
is advanced from sequence state 3 to sequence state 4.
OCG circuit 420CG places a control signal on conductor
SIFF3 of sequence control cable 4201 which causes flip-
flop IFF3 in sequencer 43IS to be SET.

SIFF3=(32PR)(1534)(12T14)

During time interval 9T18 of sequence states 3 and 4
of sequencer 4318, the information to be transmitted to
Signal Processor Call Store System 172 is gated to un-
masked bus 30UB. OCG circuit 420CG places a gating
signal on one of the conductors FRUB, JRUB, KRUB,
LRUB, PRUB, QRUB, XRUB or YRUB of order cable
4209, Sclection of one of the above conductors is made
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in accordance with the aforenoted signal from decoder
130D on one of the conductors OFR2-OYR2 of OCG
cable 4600, .

FRUB=(ERAW)(IS34)(OFR2)(9T18)
JRUB=(ERAW)(1534) (OJR2)(ST18)

KRUB—(ERAW)(I534) (OKR2)(9T18)
LRUB=(ERAW)(IS34) (OLR2)(9T18)
PRUB—(ERAW) (I534) (OPR2)(9T18)
QRUB=(ERAW)(I534)(OQR2)(9T18)
XRUB=(ERAW)(I534) (OXR2)(9T18)
YRUB=(ERAW)(IS34) (OYR2)(9T18)

In response to this signal, the information in the specified
register is gated to unmasked bus 30UB. For example, a
signal on conductor FRUB of order cable 4209 gates the
information in bit position FR22-FRO of register 25FR
through AND gates 2504 to bit positions UB22-UB0 of
unmasked bus 30UB. . This information is transmitted
without modification through combination logic 30CBL to
bit positions MB22-MB0 of masked bus 30MB.

In accordance with the previous description of a write-
data communications operation CSW-, the information on
masked bus 30MB is transmitted to Signal Processor Call
Store System 172 during time interval 14T16 of sequence
state 4 of sequencer 43IS, This information is written
into the memory location in Signal Processor Call Store
System 172 defined by address “a,” as modified, which
was previously transmitted to Signal Processor Call Store
System 172,

During the next time interval 2T4, sequencer 43IS is
advanced from sequence state 4 to sequence state 5. OCG
circuit 420CG places a control signal on conductor SIFF1
of sequence control cable 4201 which causes flip-flop
IFF1 in sequencer 43IS to be SET.

SIFF1=(1545) (ST539) (§7543) (38CKE) (2T4)

During sequence states 4 and 5 of sequencer 43IS, OCG
circuit 420CG maintains a control signal on conductor
CSRI-A of order cable 4209,

CSRI-A=(ERAW)(1545)

This signal initiates a read-instruction communications
operation CSRI-A whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by address
“q-+1" which is presently stored in register 21AR. Signal
processor 200 completes the communications operation
CSRI-A and proceeds to execute the machine instruction
defined by the instruction word obtained as a result of
that communications operation CSRI-A.

Logic machine instruction L

A logic machine instruction L includes a single binary
word having a memory location in Signal Processor Call
Store System 172 defined by address “a.” The instruction
word includes parity information (bit 23); information
defining logic machine instruction L (bits 22-15); infor-
mation specifying whether or not an insertion mask oper-
ation is to be performed during execution of this machine
instruction L (bit 12); information defining the particular
register in signal processor 200 upon whose content a
specified logical operation is to be performed (bits 11-9);
information specifying another register in signal processor
200 into which the result of the specified logical operation
will be placed (bits 8—6); and information specifying the
logical operation to be performed during execution of this
logic machine instruction L (bits 3-0).

During the execution of a logic machine instruction L,
the content of register 22LR and the content of another
register (R) specified in the instruction word are logically
operated upon by combination logic 30CBL in accordance
with the logical operation specified in the instruction word.
The result of the logical operation is then placed in an-
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other register specified in the instruction word. When
register 20KR is specified as the destination for the logical
result, the content of register 199QR may be utilized as an
insertion mask to further modify the information placed
integister 20KR. The logical result of the specified logical
operation. by combination logic 30CBL is examined to
ascertain if the sixteen least significant bits are all zeros.
Flip-flop FF2 of flip-flop group 328C2 is conditioned to
reflect the result of this check.

The logical functions which may be performed by
combination logic 30CBL during execution of machine in-
struction L consist of all sixteen logical functions of two
input variables. The logical operation is limited to the
sixteen least significant bits of the input words.

As previously described, during the read-instruction
operation CSRI- by means of which the instruction word
defining logic machine instruction L was obtained from
Signal Processor Call Store System 172, instruction se-
quencer 43IS was returned to sequence state 0 during time
interval 9T11, the binary value of the information (ad-
dress “a”) in register 21AR was increased by a value of
one to generate the address “a-}-1” defining the next mem-
ory location in Signal Processor Call Store System 172,
and the instruction word obtained from the memory loca-
tion defined by address “a” was simultaneously placed
in registers 13IR and 21BR.

The instruction word stored in register 13IR is examined
by decoder 13ID to ascertain the machine instruction
identified thereby. If the information in bit positions
IR22-IR15 of register 13IR defines logic machine instruc-
tion L, decoder 13ID places a signal on its output con-
ductor EL.

EL=(TR22)(TRZ1)(TR20) (TF19)
(TE18)(IR17)(IR16) (TR15)

In response to a signal on conductor EL of cable 1311,
decoder 130D examines the remaining information stored
in register 13IR. If the information in bit position IR12
of register 13IR indicates that an insertion mask operation
will be used during execution of this machine instruction
L, decoder 130D places a signal on its output conductor
UIM.

UIM=(IR12)(EL)

In accordance with the information in bit positions IR11-
‘IR9 of register 13IR, decoder 130D places & signal on
one of its output conductors OFR1, OJR1, OKR1, OLR1,
OPR1, OQR1, OXR1 or OYR1 which respectively identify
registers 25FR, 22JR, 20KR, 22LR, 24PR, 19QR, 23XR
and 23YR of signal processor 200.

OFR1=(EL)(TR11) (TR10) (IR9)
OJR1=(EL)(TR11) (IR10) (IR9)
OKR1=(EL)(TR11)(IR10) (TFD)
OLR1=(EL)(TRI1)(IR10) (IR9)
OPR1=(EL)(IR11)(TF10) (TR9)
OQR1=(EL)(IR11) (TF1I0) (IR9)
OXR1=(EL)(IR11){IR10) (TRD)
OYR1=(EL)(IR11)(IR10) (IR9)

In accordance with the information in bit positions IR8~
IR6 of register 13IR, decoder 130D places a signal on
one of its output conductors OFR2, OJR2, OKR2, OLR2,
OPR2, OQR2, OXR2 or OYR2 which respectively identify
registers 25FR, 22JR, 20KR, 22LR, 24PR, 19QR, 23XR
and 23YR of signal processor 200.

OFR2=(EL)(TRR) (TE7) (TR6)
OJR2=(EL)(TRB)(IR7) (IR6)
OKR2=(EL)(TR8) (IRT)(TE%)
OLR2=(EL)(TR8)(IR7) (IR6)
OPR2=(EL)(IR8)(TE7)(TR®)
OQR2=(EL) (IR8)(TRT) (IR6)
OXR2=(EL)(IR8)(IR7)(TF%)
OYR2=(EL)(IR8)(IR7) (IR6)
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In accordance with the information in bit positions IR3~
IR0 of register 131IR, option decoder 131D places a signal
on one of sixteen of its output conductors, each of which
specifies a particular logical operation to be performed
during execution of a machine instruction L. In the fol-
lowing Boolean expressions the term L denotes the content
of regitser 22LR and the term R denotes the content of
the register specified by bits 11-9 of the instruction word.
L1 indicates all binary ones and L2 indicates all binary
Zeros.,

[(L1)1=(IR8)(IR2) (TR1)(ITR0) (EL)
[(B) 4+ (L)=(TR3)(TR2) (TR1) (IR0)(EL)
[(R)+(L)]=R3)(TR2)(IR1)(IR0) (EL)
[(R)1=(TE3)(TRZ) (IR1) (IR0O)(EL)
[(R)+(T)1=(TR3) (IR2)(TRT) (IR0) (EL)
[(T)1=(TR3)(IR2) (IRT) (IRO)(EL)
H(RYT)+(R)(L)1=(TR3)(IR2) (IR1)(TR0) (EL)
[(B)(T)1=(TR3)(IR2) (IR1) (IR0) (EL)
[(R)+(L)1=(IR3)(TR2) (TR1)}(TRO)(EL)
(R (T + @) (L)Y1=(R3)(TR2) (TR1) (IRO) (EL)
[(L))=(IR3)(TRZ)(IR1)(TR0)(EL)
[(B)(L)1=(R3)(TKZ)(IR1)(IR0)(EL)
[(R)1=(IR3)(IR2) (TR1) (TRO) (EL)
[(R) (L)1=(IR3) (IR2) (TRT) (IR0) (EL)
[(R)(L)1=(IR3)(IR2) (IR1)(TED) (EL)
[(LZ)1=(IR3) (IR2)(IR1) (IR0) (EL)

During the time interval 2T4 immediately following the
storage of the instruction word in registers 13IR and
21BR, sequencer 431S is advanced from sequence state 0
to sequence state 1. OCG circuit 420CG places a con-
trol signal on conductor SIFF1 of sequence control cable
4201 which causes flip-flop IFF1 in sequencer 431IS to be
SET.

SIFF1=(IS01)(38CRE) (ENTEK)(2T4)

During time interval 3T9 of sequence state 1 of se-
quencer 43IS, the information which is to be logically
operated upon by combination logic 30CBL is gated from
the register specified by bits 11-9 of the instruction word
to the unmasked bus 30UB. OCG circuit 420CG places
a gating signal on one of the conductors FRUB, JRUB,
KRUB, LRUB, PRUB, QRUB, XRUB or YRUB of order
cable 4209. Selection of one of the above conductors is
made in accordance with the aforenoted signal from de-
coder 130D on one of the conductors OFR1-OYR1 of
OCG cable 4600.

FRUB=(EL)(IS01) (OFR1) (3T9)
JRUB=(EL) (1501) (OJR1) (3T9)

KRUB=(EL)(1501) (OKR1) (379)
LRUB=(EL)(I501) (OLR1) (3T9)
PRUB=(EL) (1501) (OPR1) (3T9)
ORUB=(EL)(IS01) (OQR1) (3T9)
XRUB=(EL)(1501) (OXR1) (3T9)
YRUB=(EL)(IS01)(OYR1) (3T9)

For example, a signal on conductor FRUB of order cable
4209 gates the information in bit positions FR22-FRO
of register 25FR through AND gates 2504 to bit positions
UB22-UBO of unmasked bus 30UB.

The information in the sixteen least significant bit posi-
tions LR15-LRO of register 22LR is directly available to
combination logic CBL by way of cable 2215.

The logical operations of combination logic 30CBL
and the selective control thereof have been described pre-
viously herein. As noted during that description, the logi-
cal operation of combination logic 306CBL is selectively
controlled in accordance with control signals placed by
OCG circuit 420CG on conductors CLGO-CLG6 of or-
der cable 4209. Only conductors CLGO-CLG3 of order
cable 4209 are utilized by machine instruction L. During
sequence states ¢ and 1 of sequencer 43IS, OCG circuit
420CG maintains control signals on the appropriate con-
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ductors CLGO-CLG?3 of order cable 4209 in accordance
with the logical operation required as specified by the
aforenoted signal from decoder 130D.

CLGO=(EL)(I1S01) {[(R)+(L}1+[(R)1+[(L)]
- IR D+ B EN+H LRI+ LRI ]
+I(RY (L) I+HILZD)]}
CLG1=(EL)(IS01) {[(R)+ (D) I+ [(R)1+[(R) (L)]
+RY D)1+ R)Y(L)HENI) H1(T)]
+(RYTD)1+I(L2)1}
CLG2=(EL)(ISO1) {[(R)+ L)1+ (L) 1+ [(R) (L)}
HIE)LNFH TR L)+ ENTN+UE) (D))
+IE) 14121}
CLG3=(EL)IS01){[(B)+(I)1+ [(R)(T)
+ R (L) + IR D IHIEN L) I+

+I@EYTN+IE)I+(LZ)1}
no control signal=[(L1)}]=all “I's”

The information placed on bit positions UB15-UB0 of
unmasked bus 30UB is logically combined with the in-
formation from bit positions LR15-LRO of register 22LR
by combination logic 30CBL and the logical result placed
on bit positions MB15-MBO of masked bus 30MB. The
information placed on bit positions MB22-MBI16 is trans-
mitted without modification through combination logic
30CBL to bit positions MB22-MB16 of masked bus
30MB.

The information placed on bit positions MB15-MBO
of masked bus 30MB is fed into one detector 300D. As
previously described, one detector 300D places a sig-
nal on its output conductor 30C10L0 if any of the bit
positions MB15-MBGO indicate a binary “1.”

During time interval 3T7 of sequence state 1 of se-
quencer 43IS, OCG circuit 420CG places a gating sig-
nal on one of the conductors MBFR, MBJR, MBKR,
MBLR, MBPR, MBQR, MBXR, or MBYR of order
cable 4209. The selection of one of the above conduc-
tors is made in accordance with the aforenoted signal
from decoder 130D on one of the conductors OFR2-
OYR2 of OCG cable 4600,

MBFR=(EL) (I501) (OFR2) (3T7)
MBIR=(EL)(1501)(0JR2) (3T7)

MBKR=(EL)(IS01) (OKR2)(3T7)
MBLR=(EL)(I1501) (OLR2) (3T7)
MBPR= (EL)(IS01) (OPR2)(3T7)
MBQR=(EL) (1501) (OQR2) (3T7)
MBXR=(EL)(I501) (OXR2) (3T7)
MBYR=(EL)(I501)(OYR2)(3T7)

In response to this signal, the information on masked bus
30MB is gated into the specified register. For example,
a signal on conductor MBFR of order cable 4209 gates
the information on bit positions MB22-MBO0 of masked
bus 30MB through AND gates 2501 to bit positions
FR22-FRO of register 25FR. The signal rail information
on masked bus 30MB is converted to double rail informa-
tion by AND gates 2501 for storage in register 25FR.
If register 20KR is specified in the instruction word as
the register into which the result of the specified logical
operation is to be placed, the content of bit positions
QR22-QRO of register 19QR may be utilized as an in-
sertion mask to allow the information on bit positions
MB22-MBO of masked bus 30MB to affect only certain
bit positions of register 20KR. If decoder 130D indicates
that insertion masking is to be used by a signal on its
output conductor UIM of UCG cable 4600, OCG cir-
cuit 420CG places a gating signal on conductor INSKR
of order cable 4209. This action is taken during time
interval 3T9 of sequence state 1 of sequencer 43IS.

INSKR=(EL){I501) (UIM) (38TFE) (RC30) (379)

In response to this signal, the information in bit positions
QR22-QRO is gated from ¢able 1906 through AND gates
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2006 and inverter amplifiers 2005 of insertion mask 20M.
As a result of the aforenoted signals placed on conduc-
tors MBKR and INSKR of order cable 4209, the infor-
mation on each bit position of masked bus 30MB which
corresponds to a bit position in register 19QR containing
a binary one is gated to the corresponding bit position in
register 20KR through insertion mask 20M; whereas, the
information in the bit positions of register 20KR which
correspond to bit positions in register 19QR containing
binary zeros remains unchanged.

During time interval 6T8 of sequence state 1 of se-
quencer 4318, flip-flop FF2 of flip-flop group 325C2 is
conditioned (SET or RESET) to indicate the presence
or absence of a “1” on bit positions MB15-MBO of
masked bus 30MB. If one detector 300D has placed a
signal on its output conductor 30C10L0, OCG circuit
420CG places a control signal on conductor SFF2 of
order cable 4209 which causes flip-flop FF2 and flip-flop
group 32SC2 to be SET.

SFF2=(EL)(I1501)(RC30)(30C10L0)(6T8)

If one detector 300D does not place a signal on its out-
put conductor 30C10L0, OCG circuit 420CG places a
signal on conductor RFF2 of order cable 4209 which
causes flip-flop FF2 to be RESET.

RFF2=(EL)(I501) (RC30) (30C10L0) (6T8)

During sequence states 0 and 1 of sequencer 4318,
OCG circuit 420CG maintains a control signal on con-
ductor CSRI-A of order cable 4209. ;

CSRI-A=(EL)(1501)

This signal initiates a read-instruction communications
operation CSRI-A whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by ad-
dress “a+41” which is presently stored in register 21AR.
Signal processor 200 completes this communications op-
eration CSRI-A and then proceeds to execute the ma-
chine instruction defined by the instruction word obtained
as a result thereof.

Increment count machine instruction INC

An increment count machine instruction INC com-
prises a single binary word having a memory location in
Signal Processor Call Store System 172 defined by ad-
dress “a.” The instruction word includes parity informa-
tion (bit 23); information defining increment count ma-
chine instruction INC (bits 22-15); information specify-
ing the bit positions (KR4-KRO or KR15-KRO) of reg-
ister 20KR whose content is to be modified during execu-
tion of this machine instruction INC (bit 10); informa-
tion specifying the value by which the content of specified
bit positions of register 20KR is to be increased or de-
creased (bits 4-1); and information specifying whether
the content of the specified bit positions of register 20KR
is to be increased or decreased during execution of this
machine instruction INC (bit 0). As a result of the
execution of a machine instruction INC, a binary number
in the specified bit positions of register 20KR is modi-
fied as specified by bits 4-0 of the instroction word. The
binary value of the information in the specified bit posi-
tions of register 20KR can be increased or decreased by
any value between O and 15.

As previously described, during the read-instruction
communications operation CSRI- by means of which the
instruction word defining machine instruction INC was
obtained from Signal Processor Call Store System 172,
sequencer 43IS was returned to sequence state ¢ during
time interval 9T11, the binary value of information (ad-
dress “a”) stored in register 21AR was increased by
one to generate address “a-1" defining the next memory
focation in Signal Processor Call Store System 172, and
the instruction word obtained from the memory location
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defined by address “a” was simultaneously placed in reg-
isters 13IR and 21BR

The instruction word stored in register 13IR is exam-
ined by decoder 13ID to ascertain the machine instruc-
tion identified thereby. If the information in bit posn-
tions IR22-IR15 defines an increment count machine in-
struction INC, decoder 13ID places a signal on its out-
put conductor EINC. -

EINC=(IR22) (IR21)(IR20) (TR19) (TR18)
(TRI7)(IR16)(TRI5)

In response to a signal on conductor EINC of cable
1311, decoder 130D examines the remainder of the in-
struction word stored in register 13IR. If the information
in bit position IR10 indicates that the content of bit
positions KR4-KRO of register 20KR will be modified
during execution of this machine instruction INC, de-
coder 13IB places a signal on its output conductor CLS

CL5=(EINC)(TR10)

If the information in bit position IR10 of register 13IR
indicates that the content of bit positions KR15-KRO of
register 20KR will be modified during execution of this
machine instruction INC, decoder 13IB places a signal
on its output conductor CL16

CL16=(EINC)(IR10)

In accordance with the information in bit positions IR4—
IR1 of register 13IR, decoder 13ID places a signal on
one of its output conductors 10-115 which respectively
indicate that the binary number stored in the specified bit
positions of register 20KR is to be changed by a value (0
through 15) corresponding to the desxgnatlon of the con-
ductor 10-115 on which a signal is placed.

10=(TR1)(TR3) (TR2) (TR1) (EINC)
11=(TR1) (TR3) (TR2) (IR1)(EINC)
12=(TR1)(TR3) (IR2) (TRT) (EINC)
B3=(TR4)(TR3) (IR2) IR (EINC)
14=(TR4) (IR3) (TR2) (TR1) (EINC)
I5=(TR3) (IR3) (TRZ) (IR1) (EINC)
16=(TR4) (IR3) (IR2) (TR1)(EINC)
I7=(TR4)(IR3) (IR2) (IR1)(EINC)
I8=(IR4) (TR3) (TR2)(TRI) (EINC)
19=(1R4) (TR3)(TRZ) (IR1) (EINC)
110=(IR4) (TR3) (IR2) (TET) (EINC)
I11=(IR4)(TRE3) UR2)(IR1)(EINC)
N2=(IR4) (IR3) (TR2)(TR1) (EINC)
I13=(IR4) (IR3) (TR2)(IR1)(EINC)
I14=(IR4) (IR3) (IR2)(TR1) (EINC)
I15=(IR4)(IR3) (IR2) (IR1) (EINC)

If the information in bit position IR0 of register 13IR in-
dicates that the binary value of the content of the speci-
fied bit positions of register 20KR is to be increased,
decoder 130D places a signal on its output conductor CP.

CP=(EINC)(TR0)

If the information in bit position TR0 of register 13IR
indicates that the binary value of the information in the
specified bit positions of register 20KR is to be de-
creased, decoder 130D places a signal on its output
conductor CM.

CM=(EINC)(IR0)

All of the aforenoted output conductors of decoder 130D
are connected to OCG circuit 420CG through cable 1312
and OCG cable 4600,

During the time interval 2T4 immediately following
the storage of the instruction word in registers 13IR and
21BR, sequencer 431S is advanced from sequence state 0
to sequence state 1. OCG circuit 420CG places a control
signal on conductor SIFF1 of sequence control cable 4201
which causes flip-flop IFF1 in sequencer 43IS to be SET.
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SIFF1=(I501) (38CSE) (ENTK)(2T4)

During sequence states 1 and 2 of sequencer 431S, OCG
circuit 420CG maintains a control signal on one of the
conductors KRMC or KRPC of order cable 4209, Selec-
tion of one of these conductors is made in accordance
with the aforenoted signal from decoder 130D on one of
its output conductors CM or CP.

KRMC=(EINC)(IS12) (CM)
KRPC=(EINC)(IS12)(CP)

As previously described, a signal on conductor KRMC of
order cable 4209 controls incrementing control circuit
2008 so that the binary value of information sfored in
register 20KR will be increased in response to increment-
ing control signals. A signal on conductor KRPC of order
cable 4209 controls incrementing control circuit 2008 so
that information stored in register 20KR will be increased
in response to incrementing control signals. )

As noted previously herein, in the absence of any con-
trol signal from OCG circuit 420CG, incrementing con-
trol circuit 2008 modifies the information stored in bit
positions KR15-KRO of register 20KR. Accordingly, no
special control signal is necessary if the binary value of
information stored in bit positions KR15-KRO is to be
modified during execution of this machine instruction
INC. However, if only the information stored in bit posi-
tions KR4-KRO is to be modified, OCG circuit 420CG
places a control signal on conductor KRSC of order cable
4209,

KRS5C=(EINC)(IS12)(CL5)

A signal on conductor KRSC of order cable 4209 con-
trols incrementing control circuit 2008 so that the binary
value of only that information stored in bit positions
KR4-KRO of register 20KR is modified in response to
incrementing control signals.

The binary value of information stored in the specified
bit positions of register 20KR is modified in four incre-
menting steps. The first step is taken during time interval
8T10 of sequence state 1 of sequencer 43IS. Dunng this
time interval, the content of the specified bit positions of
register 20KR may either be RESET to the binary value
“0” or may be increased or decreased by a value of 8.
In the first instance, OCG circuit 420CG places a control
signal on conductor RO4KR of order cable 4209.

RO4KR=(EINC)(IS12) (10) (8710) .

This signal on conductor RO4KR causes each of the bit
positions KR4-KRO of register 2EKR to be RESET to a
binary value of zero. If decoder 130D has placed a signal
on its output conductor, CL16, as described above, OCG
circuit 420CG also places a control signal on conductor
RS515KR in addition to that previously described on con-
ductor RO4KR of order cable 4209,

R51SKR=(EINC)(I512) (CL16) (10)(8T10)

This signal causes each of the bit positions KR15-KR5 of
register 20KR to be RESET to a binary value of zero. If
the aforenoted signal from decoder 130D indicates that
the binary value of the information in the specified bit
positions of register 20KR is to be increased or decreased
by a value between 8 and 15, OCG circuit 420CG places
an incrementing control signal on conductor KR&CT of
order cable 4209.

KRACT=(EINC) (IS12) [ (14) +(I5) +(I6) - (IT)
+12)+(13) + (114) + (715) ] (12T14)

This signal, in combination with the aforenoted signal on
one of the conductors KRMC or KRPC, controls incre-
menting control circuit 2008 so that the binary value of
the content of the specified bit positions is increased or
decreased by a value of 8.

The second incrementing step occurs during time in-
terval 11T13 of sequence state 1 of sequencer 43IS. Dur-
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ing this time interval, if so required by the aforenoted
signal from decoder 130D, OCG circuit 420CG places
a signal on conductor KR4CT of order cable 4209. -

" KR4CT=(EINC) (IS12) [ (14) + (I5)+(16)+(I7)
’ + (12} (+(213)+(114)+(115)1(12714)

This incrementing control signal, in combination with the
aforenoted signal on one of ‘the conductors KRMC or
KRPC, controls incrementing control circuit 2008 so that
the bmary value of mformatlon stored in the specified
bit positions of register 20KR is increased or decreased
by a value of 4.

Also during time mterval 12T14, sequencer 431IS is
advanced from sequence state 1 to sequence state 2. OCG
circuit . 420CG places a control signal on conductor
SIFF2 of sequence control cable 4201 whlch causes flip-
flop IFF2 in sequencer 43IS to be SET.

Y SIFF2= (32PE) (I512) (12714)

The third incrementing step occurs during time mterval
16T18 of sequence state 2 of sequencer 43IS. During this
time interval, if so required by the aforemoted signal from
decoder 130D, OCG circuit 420CG places an increment-
ing control signal on conductor KR2CT of order cable
4209. .

KR2CT=(EINC) (1512)[(12)+(I3)+(16)+(17)
: +(110) - (I11) 4 (114) + (J15)1(16T18)

This incrementing control signal, in combination with the
aforenoted signal on one of the conductors KRMC or
KRPC, controls incrementing control circuit 2008 so that
the binary value of the information stored in the specified
bit positions of register 20KR is increased or decreased by
a value of 2.

The fourth and last incrementing step occurs during
time interval 20T0 of sequence state 2 of sequencer 4318,
During this time interval, if so required by the afore-
noted signal from decoder 130D, OCG circuit 420CG
places an incrementing control signal on conductor
KRICT of order cable 4209,

KRICT=(EINC)(IS12)( (1) (I3)+I5)+I7)+(19)
4+ (I11)4-(113) +(115)1(20T0)

‘This incrementing control signal, in combination with the
aforenoted signal on one of the conductors KRMC or
KRPC, controls incrementing control circuit 2008 so that
the binary value of the information stored in the specified
bit positions of register 20KR is increased or decreased
by a value of 1. '

Selective variation and omission of the aforenoted four
mcrememmg steps permits the binary value of informa-
tion stored in register 20KR to be modlﬁed by any value
between 0 and 15.

- During the next time interval 2T4, sequencer 431IS is
advanced from sequence state 2 to sequence staté 3.
OCG circuit 420CG places a control signal on conductor
RIFF1 of sequence control cable 4201 which causes flip-
flop IFF1 in sequencer 43IS to be RESET.

RIFF1=(1523) (ST525)(38CFE) (2T: 4)‘

During sequence states 2 and 3 of sequencer 431S,
OCG circuit 420CG maintains a control signal on con-
ductor CSRI-A of order cable 4209,

CSRI-A=(EINC)(IS23)

This signal initiates a read-instruction operation CSRI-A
whereby the instruction word defining the next machine
instruction to be executed by signal processor 200 is
obtained from the memory location in Signal Processor
Call Store System 172 defined by address “a+1” which
is presently stored in register 21AR. Signal processor
200 completes this communications operation CSRI-A
and then proceeds to execute the machine instruction de-
fined by the instruction word obtained as a result thereof.
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Rotate machine instruction Q

A rotate machine instruction Q includes a single binary
word having a memory location in Signal Processor Call
Store System 172 defined by address “a.” The instruc-
tion word includes parity information (bit 23); informa-
tion defining rotate machine instruction Q (bits 22-15);
information defining the particular bit positions (QR15-
QRO or QR22-QR0) of register 19QR whose content
will be rotated during execution of this machine instruc-
tion Q (bit 9); and information defining the number of
bit positions by which the specified portion of register
19QR will be rotated during execution of this machine
instruction Q (bit 3-0). As a resnlt of the execution of
a machine instruction Q, the content of each of the bit
positions QR15-QRO or QR22-QRO of register 19QR
is rotated by the number of bit positions indicated in
the instruction word. The direction of rotation is from
the most significant bit positions to the least significant
bit positions. The content of a bit position of register
19QR can be rotated through a maximum of eight bit
positions. For example, the content of bit position QRS
of register 19QR can be rotated to any of the bit posi-
tions QR7-QRO during execution of a machine instruc-
tion Q.

At some time prior to the receipt of a rotate machine
instruction Q by signal processor 200, information has
been placed in register 19QR. As previously described,
during the read-instruction communications operation
CSRI- by means of which the instruction word defining
machine instruction Q was obtained from Signal Processor
Call Store System 172, sequencer 43IS was returned to
sequence state 0 during time interval 9T11, the binary
value of information (address “q”) stored in register
21AR was increased by one to generate address “a+1”
which defines the next memory location in Signal Proces-
sor Call Store System 172, and the instruction word
obtained from the memory location defined by address
“g” was simultaneously placed in registers 13IR and
21BR.

The instruction word stored in register 13IR is examined
by decoder 13ID to ascertain the machine instruction
identified thereby. If the information in bit positions
IR22-IR15 defines a rotate machine instruction Q, de-
coder 13ID places a signal on its output conductor EQ.

EQ=(IR22)(IR21) (IR20)(TR19) (TR18) (IR17) (IR16)
(TR15)

In response to a signal on conductor EQ of cable 1311,
decoder 130D examines the remainder of the instruction
word stored in register 13IR. If the information in bit
position IR9 of register 13IR indicates that the content
of bit positions QR15-QRO of register 19QR is to be
rotated, decoder 130D places a signal on its output
conductor CL16.

CL16=(EQ)(TRH)

If the information in bit position IR9 of register 13IR
indicates that the content in all bit positions QR22-QRO
of register 19QR is to be rotated, decoder 130D places
a signal on its output conductor CL23.

CL23=(EQ){IR9)

In accordance with the information in bit positions IR3-
IR0 of register 13IR, decoder 130D places a signal on
one of its output conductors RO-R8 which respectively
specify a number of bit positions through which the
information in register 19QR will be rotated.

RO=(EQ) (TR3)(IR2)(TF1) (TR0)
R1=(EQ)(IR3)(TRZ)(TR1) (IR0)
R2=(EQ)(IR3)(IR2)(IRT) (TR0)
R3=(EQ)(TR3) (TRZ)(IR1)(TR0)
R4=(EQ)(IR3)(TR2)(IR1)(TR0)
R5=(EQ)(IR3)(IR2)(IR1) (TR0)
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R6=(EQ) (TE3) (TEZ) (IR1)(IR0)
R7=(EQ)(IR3) (TRZ) (IR1) (IR0)
R8=(EQ)(IR3)(IR2) (IR1) (IR0)

Each of the aforenoted output conductors of decoder
130D is connected to OCG circuit 420CG through cable
1312 and OCG cable 4600.

During the time interval 2T4 immediately following
the storage of the instruction word in registers 13IR and
21BR, sequencer 43IS is advanced from sequence state
0 to sequence state 1. OCG circuit 420CG places a con-
trol signal on conductor SIFF! of sequence control cable
4201 which causes flip-flop IFF1 in sequencer 43IS to
be SET.

SIFF1=(I501)(38CSE)(ENTK)(2T4)

The rotation of the content of register 19QR is accom-
plished in four steps. During two of the four steps in-
formation may be rotated by one bit position. During the
other two of the four steps, information may be rotated
through three bit positions. By selectively utilizing these
four steps of rotation in varying combinations, informa-
tion ‘can be rotated by any number of bit positions be-
tween zero and eight.

During sequence states 1 and 2 of sequencer 431S,
OCG circuit 420CG - maintains a control signal on one
of the conductors RT16 or RT23 of order cable 4209,
Selection of one of these conductors is made in accord-
ance with the aforenoted signal from decoder 130D on
one of its output conductors CL16 or CL23,

RT16=(EQ)(1512)(CL16)
RT23=(EQ)(I512)(CL23)

A signal on conductor RT16 of order cable 4209 con-
trols the rotating control circuit 1901 associated with
register 19QR so that only the content of bit positions
QR15-QRO will be rotated in response to rotation con-
trol signals. A signal on conductor RT23 controls the
rotating control circuit 1901 so that the content of all bit
positions QR22-QRO will be rotated in response to ro-
tation control signals.

During time interval ST7 of sequence state 1 of se-
quencer 4318, OCG circuit 4200CG places a control sig-
nal on conductor RT11 of order cable 4209. This sig-
nal remains on RTI11 until time interval 14T16 of se-
quence state 2 of sequencer 43IS.

RT11=(EQ)(IS12)(5T7-14T16)

This signal controls rotation control circuit 1901 so that
the information in the specified bit positions of register
19QR will be rotated by a single bit position in response
to rotation control signals.

During time interval 8T10 of sequence state 1 of se-
quencer 43IS, if so required by the aforenoted signal
from decoder 130D, OCG circuit 420CG places a ro-
tation control signal on conductor RTS1 of order cable
4209. If an indication is received from decoder 130D
that all bit positions QR22—-QR0 will be rotated, OCG
circuit 420CG also places a rotation control signal on
conductor RTL1 of order cable 4209,

RTS1=(EQ)(IS12)[(R1) 4 (R2)+(R4)
+(R5)+(R7)+(R8)1(8710)

RTL1=(EQ)(1512) (CL23)[(R1)+(R2)
+ (R4)4-(R5)+(R7) - (R8)1(8T10)

A rotation control signal on conductor RTS1, in com-
bination with the aforenoted signal on conductor RT11,
controls rotation control circuit so that the information
in bit positions QR15-QRO of register 19QR is rotated
by a single bit position. The additional rotation control
signal on conductor RTLI1, in combination with the
aforenoted signals on conductors RT11 and RTSI,
control rotation control circuit so that the information
in bit positions QR22-QRO of register 19QR is rotated
by a single bit position.
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During the next time interval 12T14, sequencer 431S
is advanced from sequence state 1 to sequence state 2.
OCG circuit 420CG places a control signal on conductor
SIFF2 of sequence control cable 4201 which causes flip-
flop IFF2 in sequencer 43IS to be SET.

SIFF2=(32PR)(IS12)(12714)

During the same time interval 12T'14, if so required by
the aforenoted signal from decoder 130D, OCG circuit
420CG places a second rotation control signal on con-
ductor RTS1 of order cable 4209. A second rotation
control signal is also placed on conductor RTL1 of order
cable 4209 if so dictated by the signal from decoder
130D.

RTS1=(EQ)(IS12)[(R2) 4 (R5)4+(R8)1(12T14)

RTL1=(EQ) (IS12)(CL23)[(R2)
+(R5)+(R8)1(12714)

These rotation control signals, in association with the
aforenoted signals on conductor RT11, control rotation
control circuit 1991 in the same manner described above
and cause the rotation by an additional bit position of the
information stored in register 19QR.

During time interval 14T16 of sequence state 2 of se-
quencer 43IS, the control signal previously placed on
conductor RT11 of order cable 4209 is removed and
another control signal is placed on conductor RT31 of
order cable 4209. This control signal on conductor RT31
remains until time interval 5T7 of sequence state 3 of se-
quencer 431S.

RT31=(EQ)(1523) (14T16-5T7)

This control signal controls rotation control circuit 1901
so that the information in the specified bit positions of
register 19QR is rotated through three bit positions in
response to each rotation control signal. During time in-
terval 16T18 of sequence state 2 of sequencer 43IS, if
so required by the aforenoted signal from decoder 130D,
OCG circuit 420CG places a third rotation control sig-
nal on conductor RTS1 of order cable 4209. A third ro-
tation control signal is also placed on conductor RTL1 of
order cable 4209 if so dictated by a signal from de-
coder 130D.

RTS1=(EQ)(IS12)[ (R3) - (R4) .
+(R5)+(R6)+(R7) 4 (R8)1(16T18)

RTL1=(EQ)(IS12)(CL23)[(R3)+(R4)
+(R5)+(R6)+(R7) 4+ (R8)1(16T18)

) These signals, in association with the aforenoted control

signal on conductor RT31 of order cable 4209, control
rotation control circuit 1901 so that the information
stored in the appropriate bit positions of register 19QR
is rotated by three bit positions,

During time interval 20T22 of sequence state 2 of se-
quencer 43IS, if so required by the aforenoted signal
from decoder 130D, OCG circuit 420CG places a fourth
rotation control signal on conductor RTS1 of order cable
4209. A fourth rotation control signal is also placed on
conductor RTL1 of order cable 4209 if dictated by a sig-
nal from decoder 130D,

RTS1=(EQ)(IS12)[(R6)+(R7)+4+(R8)]1(20T22)

RTL1=(EQ)(IS12) (CL23)[(R6)
+(R7)+(R8)1(20T22)

These rotation control signals on conductors RTS1 and
RTL1, in association with the aforenoted control sig-
nal on conductor RT31, control rotation control circuit
1901 so that the information in the specified bit posi-
tions of register 19QR is rotated through an additional
three bit position. This completes the combination of
rotating steps by means of which the binary number
stored in register 19QR can be rotated through any num-
ber of positions between zero and eight.
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During the next time interval 2T4, sequencer 43IS
is advanced from sequence state 2 to sequence state 3.
OCG circuit 420CG places a control signal on conduc-
tor RIFF1 of sequence control cable 4201 which causes
flip-flop IFF1 in sequencer 43IS to be RESET.

RIFF1=(1523)(RT525) (38C8E) (2T4)

During sequence states 2 and 3 of sequencer 4315, 0OCG
circuit 420CG maintains a control signal on conductor
CSRI-A of order cable 4209.

(CSRI-A=(EQ) (I523)

This signal initiates a read-instruction communications
operation CSRI-A whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by address
“g4-1" which is presently stored in register 21AR. Upon
completion of this communications operation CSRI-A,
signal processor 200 proceeds with the execution of the
machine instruction defined by the instruction word
obtained as a result thereof.

Interrupt machine instruction INT

An interrupt machine instruction INT includes a single
binary word having a memory location in Signal Processor
Call Store System 172 defined by address “g.” The instruc-
tion. word includes parity information (bit 23) and
information defining interrupt machine instruction INT
(bits 22-15). During execution of this machine instruc-
tion, signal processor 200 is stopped and a K level inter-
rupt signal is transmitted to Central Control System 101.

An interrupt machine instruction is generally used
either to notify Central Control System 101 of the
existence of pertinent data which Central Control System
101 should obtain or to indicate a trouble condition. The
fifteen least significant bits (bits 14-0) of an interrupt
machine instruction word may be used for data storage
as they are not pertinent to the execution of an interrupt
machine instruction INT.

As previously described, during the read-instruction
communications operation CSRI- by means of which
the instruction word defining machine instruction INT
was obtained from Signal Processor Call Store System
172, sequencer 4315 was returned to sequence state O dur-
ing time intervals 9T11, the binary value of information
(address “a”) stored in register 21AR was increased by
one to generate address “a+1” which defines the next
memory location in Signal Processor Call Store System
172, and the instruction word obtained from the memory
location defined by address “a’™ was simultaneously
placed in register registers 13IR and 21BR. .

The instruction word stored in register 13IR is
examined by decoder 13ID to ascertain the machine
instruction identified thereby. If the information in bit
positions IR22-IR15 defines an interrupt machine instruc-
tion INT, decoder 13ID places a signal on its output
conductor EINT.

EINT=(IR22) (IR21) (IR20) (TR19) _
(TR18) (TRI7) (TR16) (TE1D)

During the time interval 2T4 immediately following
the storage of the instruction word in registers 13IR and
21BR, sequencer 43IS is advanced from sequence state
0 to sequence state 1. OCG circuit 420CG places a con-
trol signal on conductor SIFF1 of sequence control cable
4201 which causes flip-flop IFF1 in sequencer 4318 to
be SET.

SIFF1=(I501)(38CSE)(ENTE)(2T4)
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During the next time interval 12T14, sequencer 4318
is advanced from sequence state 1 to sequence state 2.
OCG circuit 430CG places a control signal on conductor
SIFF2 of sequence control cable 4201 which causes
flip-flop IFF2 in sequencer 43IS to be SET.

200
SIFF2=(32PR)(1512)(12T14)

During time interval 14T16 of sequence state 2 of
sequencer 431IS, OCG circuit 430CG places a control
signal on conductor SINT of order cable 4209 which
causes flip-flop INT in flip-flop group 33SC1 to be SET.

SINT=(EINT) (1523)(14T16)

In its SET condition, flip-flop INT places a signal on its
output conductor 33INT which is- connected through
cables 3308, 4000 and 3720 to interrupt control 49IC
and through OCG cable 4600 to OSC circuit 420CG.

During time interval 20C0 of sequence state 2 of
sequencer 4318, OCG circuit 420CG places a control
signal on conductor SSPSI of order cable 4209,

SSPSI=(33INT) (20C0)

The signal on conductor SSPSI is transmitted through
OR gate 4812 of start-stop control 48SS to conductor
48SSPS. Conductor 48SSPS is connected through cables
3620 and 4000 to the SET terminal of flip-flop SPS in
flip-flop group 34SC1. Accordingly, the signal on con-
ductor 48SSPS causes flip-flop SPS to be SET and a signal
to be placed on its output conductor 34SPS. Conductor
34SPS is connected through cables 3308, 4000 and 3620
to start-stop control 48SS and through cable 3720 to
interrupt control 491C. -

As described previously, a signal on conductor 34SPS
is transmitted through OR gate 4814 to conductor 48SPS
which is connected to clock 47CLK. The presence of a
signal on conductor 48SPS causes signal processor 200 to
be stopped.

As noted above, conductor 34SPS is also connected
to interrupt control 49IC, The input conductors to AND
gate 4909 include 34SPS, 33INT and 34AU all of which
have signals present thereon at this time. Accordingly, a
signal is placed on conductor 4914 from AND gate 4909
and a signal is placed on conductor 4912 through OR
gate 4911. During the next time interval 6C8, OCG
circuit 4200CG places a gating signal on conductor
EICG of order cable 4209. :

EICG=(6C8)

In response to the signal on conductor EICG, the afore-
noted signals on conductors 4914 and 4912 are transmitted
through AND gates 5001 and 5004 respectively to con-
ductors 50SSPB and 50SPSC. These conductors are
inductively coupled through amplifiers 5005, pickoff
transformers 5048 and cable 5000 to Central Control
System 101. The signal on conductor SOSSPB is an inter-
rupt signal accompanied by a synchronizing signal on
conductor 50SPSC to which Central Control System 101
will respond. Signal processor 200 remains stopped until
started by a command from Central Control System 101.
During sequence states 2 and 3 of sequencer 431S, OCG
circuit 420CG maintains a control signal on conductor
CSRI-A of order cable 4209. :

CSRI-A=(EINT) (I523)

This signal will initiate a read-instruction communications
operation CSRI-A whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by ad-
dress “a+1” which is presently stored in register 21AR.
However, this communications operation CSRI-A is not
started until sequencer 43IS enters sequence state 3.
Since signal processor 200 is in a stopped condition and
the clock pulses of the T pulse group are inhibited,
sequencer 43IS cannot be advanced to sequence state 3
until signal processor 200 is restarted by an appropriate
command from Central Control System 101. When such
a command is received from Central Control System 101,
signal processor 200 proceeds to obtain the instruction
word defining the next machine instruction which it is to
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execute and then to carry on with the execution of that
machine instruction.

Following the receipt of a command from Central Con-
trol System 101 responsive to which signal processor 200
is restarted, during the next time interval 2T4, sequencer
4318 is advanced from sequence state 2 to sequence state
3. OCG circuit 420CG places a control signal on con-
ductor RIFF1 of sequence control cable 4301 which
causes flip-flop IFF1 in sequencer 431S to be RESET.

RIFF1=(1523)(ST825) (38CSE) (2T4)

Signal processor 200 now resumes its independent op-
erations,

Bit copy machine instruction BTC

A bit copy machine instruction BTC includes a single
binary word having a memory location in Signal Processor
Call Store System 172 defined by address “a.” The instruc-
tion word includes parity information (bit 23); informa-
tion defining bit copy machine instruction BTC (bits
22-15); information either specifying the flip-flop (FFI,
FF2 or FF3) in special control flip-flop group 328C2
whose present state (SET or RESET) will provide a basis
for conditioning either another flip-flop (FF1, FF2, FF3,
FF4 or FF5) in flip-flop group 32SC2 or a specified bit
position (KR22-KR0) of register 20KR, or specifying a
specific SET or RESET condition into which a selected
flip-flop will be placed (bits 7-5); and information either
specifying the flipflop (FF1, FF2, FF3, FF4 or FF5) in
flipflop group 32SC2 or specifying the bit position
(KR22-KR0) of register 20KR which will be conditioned
(SET or RESET) in accordance with the criteria included
in the preceding portion of the instruction word (bits
4-0).

During the execution of a bit copy machine instruction
BTC, a selected flipflop FF1-FF5 in flipflop group
325C2 or a selected bit position KR22-KRO0 of register
20KR is SET or RESET either to correspond with the
present state of another specified flip-flop FF1-FF3 in
flip-flop group 32SC2 or as arbitrarily specified by in-
formation in the instruction word.

As previously described, during the read-instruction
communications operation SCRI- by means of which the
instruction word defining machine instruction BTC was
obtained from Signal Processor Call Store System 172,
sequencer 43IS was returned to sequence state 0 during
time interval 9T11, the binary value of information (ad-
dress “q”) stored in register 21AR was increased by one
to generate address “a- 1" which defines the next memory

location in Signal Processor Call Store System 172, and :

the instruction word obtained from the memory location
defined by address “4” was simultaneously placed in
registers 13IR and 21BR.

The instruction word stored in register 13IR is ex-
amined by decoder 13ID to ascertain the machine in-
struction identified thereby. If the information in bit posi-
tions IR22-IR15 defines a bit copy machine instruction
BTC, decoder 13ID places a signal on its output con-
ductor EBTC.

EBTC=(TR22) (IR21) (TR20) (TR19)
(TR18)(TRIT) (IR16) (IR15)

In response to a signal on conductor EBTC of cable
1311, decoder 130D examines the remainder of the in-
struction word stored in register 13IR. The information
in bit positions IR7-IRS of register 13IR either specifies
the flip-flops FF1-FF3 of flip-flop group 32SC2 whose
state (SET or RESET) is to be copied or arbitrarily
specifies SET or RESET. Accordingly, the information
in bit positions IR7-IRS is examined in combination with
information on the conductors of cable 3216 which re-
spectively indicate the SET or RESET state of the flip-
flops FF1-FF3 in flip-flop group 32SC2. If the informa-
tion in bit positions TR7-IR5 in combination with the
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information from flip-flop group 32SC2 indicates that the
selected flip-flop in flip-flop group 32SC2 or bit position
in register 20KR is to be SET, decoder 130D places a
signal on its output conductor OSET.

OSET=[(EBTC)1[(IR7)(TR8)(TR5) +(TR7) (TR®)
(IRS) (32FF1)+-(TR7) (IR6) (TR5) (32FF2) + (TR7)
(IR6) (IR5) (32FF3)]

If the information in bit positions IR7-IRS in combina-
tion with the information from flip-flop group 325C2 in-
dicates that the selected flip-flop in flip-flop group 325C2
or bit position of register 20KR is to be RESET, decoder
130D places a signal on its output conductor ORESET.

ORESET=[(EBTC)1[(TR7) (TR6) (IR5) + (IR7)
(TR6) (IRS5) (32FF1) 4-(TR7) (IR6) (TR5) (32FF3)
+(TR7)(IR6) (IRS) (BZFF3) ]

In response to the aforenoted signal on conductor
EBTC from decoder 131D, OCG circuit 420CG places a
gating signal on conductor GIS of order cable 4209,

GIS=(EBTC)

This signal remains on conductor GIS of order cable 4209
until a new instruction word is placed in register 13IR and
decoder 13ID removes its output signal from conductor
EBTC. The gating signal on conductor GIS of order cable
4209 gates the information in bit positions IR4-IR0 of
register 13IR from cable 1305 through AND gates 1403
and OR gates 1404 to bit selector 14BSL.

The information in bit positions IR4-IRO of register
131R either specifies the particular flip-flop FF1-FF5 in
flip-flop group 32SC2 or specifies the particular bit posi-
tions KR22-KRO of register 20KR which is to be condi-
tioned during execution of this machine instruction BTC.
Bit selector 14BSL decodes this information from bit posi-
tions IR4-IR0O and places a signal on one of its output
conductors BS22-BS0 or SELF5-SELF1.

BSO=(GIS)(TR%) (TR3)(TR2)(IR1) (IR0)

BS1=(GIS)(IR%) (TR3) (TR2)(IR1) (1R0)

BS2-BS20=(GIS) (IR4)-IR0 equal binary number of
BS- lead

BS21=(GIS)(IR4) (TR3) (IR2) (IR1) (IR0)

BS22=(GIS) (IR4) (TR3) (IR2) (IR1)(TED)

SELF1=(GIS)(1R4) (IR3) (TR2)(TR1){IR0)
SELF2=(GIS) (IR4) (IR3)(TRZ) (IR1) (TR0)
SELF3=(GIS)(IR4) (IR3)(TR2) (IR1) (IR0)
SELF4=(GIS)(IR4) (IR3)(IR2) (IR1) (TED)
SELF5=(GIS)(IR4)(IR3) (IR2)(TRT)(IR0)

Each of the output conductors BS22-BS0 from bit se-
lector 14BSL, for purposes of a bit copy machine instruc-
tion BTC, defines a particular bit position KR22-KR( of
register 20KR. Each of the output conductors SELF1~
SELFS5 of bit selector 14BSL defines a particular flip-flop
FF1-FF5 in flip-flop group 32SC2.

Daring the time interval 2T4 immediately following
the storage of the instruction word in registers 13IR and
21BR, sequencer 43IS is advanced from sequence state 0
to sequence state 1. OCG circuit 420CG places a control
signal on conductor SIFF1 of sequence control cable 4201
which causes flip-flop IFF1 in sequencer 43IS to be SET.

SIFF1=(I501) (38UFE) (ENTE) (2T4)

During time interval 6T8 of sequence state 1 of se-
quencer 431S, OCG circuit 420CG places a control signal
on one of the conductors BCOKR BCIKR of order cable
4209.

BCOKR=(EBTC)(IS01)(ORESET)(RC30) (6T8)
BC1KR=(EBTC) (IS01) (OSET) (RC30) (6T8)

A signal on conductor BCOKR of order cable 4209 gates
the information on cable 1405 through AND gates 2003
and OR gates 2007 to the RESET terminals of bit posi-
tions KR22-KRO of register 20KR. Accordingly, if a sig-
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nal is placed on one of the conductors BS22-BS0 of cable
1405 from bit selector 14BSL, that signal will be gated
through the corresponding one of AND gates 2003 and
OR gates 2007 and will cause the corresponding bit posi-
tion KR22-KRO of register 20KR to be RESET to the
zero state. If none of the conductors BS22-BS0 of cable
1405 have a signal thereon, the content of register 20KR
remains unchanged.

A signal on conductor BCIKR of order cable 4209
gates the information on conductors' BS22-BS0 of cable
1405 through AND gates 2002 and OR gates 2031 to the
SET terminals of bit positions KR22-KRO of register
20KR. Accordingly, if a signal is present on one of the
conductors BS22-BS0 of cable 1405 from bit selector
14BSL, that signal will be gated through the correspond-
ing one of AND gates 2002 and OR gates 2031 and will
cause the corresponding bit position KR22-KRO of regis-
ter 20KR to be SET to the “1” state, If none of the con-
ductors BS22-BS0 has a signal thereon, the content of
register 20KR remains unchanged.

During the same time interval 6T8, if a signal has been
placed by bit selector 14BSL on one of its output con-
dactors SELF1-SELF35, OCG circuit 420CG places a
control signal on a corresponding conductor SFF1-SFF3
or REF1-RFFS5 of order cable 4209 in accordance with
the information from decoder 130D on its output con-
ductors OSET and ORESET.

- SFF1=(EBTC) (IS01)(OSET) (SELF1)(678)
RFF1=(EBTC)(1S01) (ORESET)(SELF1) (6T8)
SFF2—(EBTC)(IS01) (OSET) (SELF2) (6T8)
RFF2=(EBTC)(1501) (ORESET)(SELF2) (6T8)

- SFF3—(EBTC)(IS01) (OSET) (SELF3) (6T8)
RFF3—(EBTC)(IS01) (ORESET) (SELF3) (6T8)
SFFA— (EBTC) (1S01) (OSET) (SELF4) (6T8)

RFF4=(EBTC) (IS01) (ORESET)(SELF4) (6T8)
SFFS—(EBTC) (1501)(OSET) (SELF5) (6T8)
RFF5=(EBTC)(1501) (ORESET) (SELF5) (6T8)

A signal on one of the conductors SFF1, SFF2, SFF3,
SFF4 or SFFS5 or order cable 4209 causes the correspond-
ing flip-flop FF1, FF2, FF3, FF4 or FF5 in flip-flop group
325C2 to be SET. A signal on one of the conductors
RFF1, RFF2, RFF3, RFF4 or RFF5 of order cable 4209
causes the corresponding flip-lopFF1, FF2, FF3, FF4
or FF5 in flip-flop group 32SC2 to be RESET.

During sequence states 0 and 1 of sequencer 4315,
OCG circuit 420CG has maintained a control signal on
conductor CSRI-A of order cable 4209.

CSRI-A=(EBTC)(i501)

This signal initiates a read-instruction communications .

operation CSRI-A whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by ad-

dress “a-+17 which is presently stored in register 21AR. ;

Upon completion of this communications operation
CSRI-A signal processor 200 troceeds with the execution
of the machine instruction defined by the instruction word
obtained as a result thereof.

Bit sample machine instruction BTS

A bit sample machine instruction BTS includes a single
binary word having a memory location in Signal Proces-
sor Call Store System 172 defined by address “a.” The
instruction word includes parity information (bit 23);
information defining bit sample machine instruction BTS
(bits 22-15); information specifying a particular register
in signal processor 200 (bits 11-9); information specify-
ing a particular flip-flop in flip-flop group 325C2 (bits
7-5); and information defining the criteria upon which
action will be taken during execution of this machine
instruction to SET or RESET the specified flip-flop in
flip-flop group 325C2 (bits 4-0).

During execution of a bit sample machine instruction
BTS, a selected flip-flop FF1, FF2 or FF3 in flip-flop
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group 328C2 is SET or RESET to match the condition of
a specified bit position in a specified register of signal
processor 200 or to indicate whether or not a specified
portion of the content of the specified register in signal
processor 200 includes all zeroes.

As previously described, during the read-instruction
communications operation CSRI- by means of which the
instruction word defining machine instruction BTS was
obtained from Signal Processor Call Store System 172,
sequencer 43IS was returned to sequence state 0 during
time interval 9T11, the binary value of information (ad-
dress “a”) stored in register 21AR was increased by one
to generate address “a-+1” which defines the next memory
location in Signal Processor Call Store System 172, and
the instruction word obtained from the memory location
defined by address “o” was simultaneously placed in
registers 13IR and 21BR.

The instruction word stored in register 13IR is ex-
amined by decoder 131D to ascertain the machine instruc-
tion identified thereby. If the information in bit positions
IR22-IR15 defines a bit sample machine instruction BTS,
decoder 13ID places a signal on its output conductor
EBTS.

EBTS=(TR22)(TR21) (TR20) (IR19)
(TR18) (TR17)(IR16)(TE15)

In response to a signal on conductor EBTS of cable
1311, decoder 130D examines the remaining information
stored in register 13IR. In accordance with the informa-
tion in bit positions IR11-IR9 of register 13IR, decoder
130D places a signal on one of its output conductors
OFR1, OJR1, OKR1, OLR1, OPR1, OQR1, OXR1 or
OYR1 which respectively identify registers 25FR, 22JR,
20KR, 22LR, 24PR, 19QR, 23XR and 23YR of signal
processor 200.

OFR1=(EBTS)(TR11) (TF10) (TRY)
OJR1=(EBTS)(TR11) (TR10) (IR9)
OKR1=(EBTS) (IER11) (IR10) (TFY)
OLR1=(EBTS)(TRT1) (IR10) (IR9)
OPR1—(EBTS)(IR11)(TR10) (TR9)
OQR1=(EBTS)(IR11) (TR10) (IR9)
OXR1=(EBTS) (IR11) (IR10) (TE9)
OYR1=(EBTS)(IR11) (IR10) (IR9)

In accordance with the information in bit positions IR7—
IRS of register 13IR, decoder 130D places a signal on
one of its output conductors OFF1, OFF2 or OFF3 which
respectively identify flip-flops FF1, FF2 and FF3 in flip-
flop group 32SC2.

OFF1=(EBTS)(ITR7) (TR®) (IR5)
OFF2—(EBTS)(TE7) (IR6) (TF5)
OFF3=(EBTS) (TR7) (IR6) (IR5)

In accordance with the information in bit positions IR4-
IR0 of register 13IR, decoder 130D places a signal on
one of its output conductors OPR30, OAZ16 or OAZ23
which respectively specify varying criteria under which
the flipflop (FF1-FF3) specified in bit positions IR7-
IRS5 will be SET or RESET.

OPR30=(EBRS) (IR4)(TR3) (IR2) (IR1) (IRO0)
OAZ16=(EBTS) (IR4) (IR3) (TR2) (TR1) (TKD)
OAZ23=(EBTS)(IR4)(IR3) (TR2) (TR1) (IR0)

If one of the flip-flops FF1, FF2 or FF3 in flip-flop
group 32SC2 is to be conditioned to match a particular
bit position of the register specified by bit positions IR11-
IR9, the particular bit position whose content is to be
matched may be selected in either of two ways. The con-
tent of bit positions PR3-PRO of register 24PR can be
decoded to select any of bit positions 15-0 of the specified
register. If this method is to be used, decoder 130D
places a signal on its output conductor OPR30 as de-
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scribed above. The information in- bit positions IR4-IR0
of register 13IR may itself be utilized to specify a par-
ticular bit position of the selected register whose contents
is to be matched. In the absence of a signal from
decoder 130D on its output conductor OPR30, the con-
tent of bit positions IR4-IRO of register 13IR can rep-
resent the binary number of any bit position 22-0 of the
selected register.

Another alternative available as a criterion for condi-

tioning the selected one of flip-flops FF1, FF2 and FF3
is the presence of all zeros either in bit positions 15-0 of
the selected register or in, bit positions 22-0 of the se-
lected register. If the specified flip-flop FF1-FF2 or FF3
is to be conditioned on the basis of the presence of zeros
in all sixteen least significant bit positions of the selected
register, decoder 130D places a signal on its output con-
ductor OAZ16. If the specified flip-flop FF1, FF2 or FF3
is to be conditioned on the basis of the presence of zeros
in all bit positions of the selected register, decoder 130D
places a signal on its output conductor OAZ23 as de-
scribed above.
- During sequence states 0 and 1 of sequencer 43IS,
OCG circnit 420CG places a gating signal on one of
the conductors GPS or GIS of order cable 4209. If de-
coder 130D has placed a signal on its output conductor
OPR30, OCG circuit 420CG energizes conductor GPS of
order cable 4209. Otherwise, conductor GIS of order
cable 4209 is energized.

GPS=(EBTS)(I1501) (OPR30)
GIS=(EBTS)(1501) (OPR30)

A signal on conductor GPS of order cable 4209 gates the
information in bit positions PR3-PRO of register 24PR
from cable 2409 through AND gates 1402 and OR gates
1404 to bit selector 14BSL. A signal on conductor GIS
of order cable 4209 gates the information in bit positions
TR4-IRO of register 13IR from cable 1305 through AND
gates 1403 and OR gates 1404 to bit selector 14BSL.

The input information supplied to bit selector 14BSL
asdescribed above is decoded by bit selector 14BSL. In
accordance with this input information, bit selector
14SBL places a signal on one of its output conductors
BS22-BS0.

BS0=(GIS)(TE1) (TR3) (TR2)(TXT1) (TRD)
" 4-(GPS)(PE3)(PRZ) (PRI) (PE0)

BS1=(GIS)(TR4) (TR3)(TK2)(TRI) (IR0)
+(GPS) (PR3) (PRZ)(PR1)(PRO)

BS2-BS14=(GIS)(IR4-IR0 equal to binary number of
BS-) ) '
+(GPS) (PR3-PRO equal to binary number
of BS-)

BS15=(GIS)(TEZ) (IR3) (IR2) (IR1) (IR0)
+(GPS) (PR3) (PR2) (PR1)(PRO)

BS16==(GIS) (IR4) (TR3) (TR2) (TR1) (TRD)

BS17-BS21=(G1S) (IR4-IR0 equal to binary number of
BS-)

BS22=(GIS) (IR4) (TR3) (IR2) (IR1)(TRD)

During the time interval 2T4 immediately following
the storage of the instruction word in registers 13IR and
21BR, sequencer 43IS is advanced from sequence state 0
to sequence state 1. OCG circuit 420CG places a control
signal on conductor SIFF1 of sequence control cable 4201
which causes flip-flop IFF1 in sequencer 43IS to be SET.

SIFF1=(1S01) (38TSE) (ENTK)(2T4)

During time interval 3T9 of sequence state 1 of se-
quencer 43IS, OCG circuit 420CG places a gating signal
on one of the conductors FRUB, JRUB, KRUB, LRUB,
PRUB, QRUB, XRUB or YRUB of order cable 4209. Se-
lection of one of these conductors is made by OCG cir-
cuit 420CG in accordance with the aforénoted signal
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from decoder 130D on one of its output conductors
OFR1-OYR1 of OCG cable 4600.

FRUB=(EBTS)(IS01) (OFR1)(3T9)
JRUB=(EBTS)(1501)(OJR1) (379)

KRUB=(EBTS)(IS01) (OKR1)(3T9)
LRUB=(EBTS)(1501) (OLR1)(379)
PRUB=(EBTS)(I501) (OPR1)(3T9)
QRUB=(EBTS) (I501) (OQR1) (3T9)
XRUB=(EBTS) (1501)(OXR1)(3T9)
YRUB=(EBTS)(IS01)(OYR1)(3T9)

In response to this signal, the information stored in the
selected register is gated to unmasked bus 30UB. For ex-
ample, a signal on conductor YRUB of order cable 4209
gates the information stored in bit positions YR22-YRO
of register 23YR through AND gates 2314 to bit positions
UB22-UBO of unmasked bus 30UB. The information thus
placed on masked bus 30UB is transmitted without modifi-
cation through combination logic 30CBL to bit positions
MB22-MB0 of masked bus 30MB.

Bit sample circuit 14BSP comprises a plurality of AND
gates 1420 each having as one input thereof one of the
output conductors BS22-BS0 from bit selector 14BSL and
having as the other input thereof the corresponding bit
position MB22-MBO0 of masked bus 30MB by way of ca-
ble 2351. Only one of the output conductors BS22-BS0
has a signal thereon. If the corresponding bit position
MB22-MBO0 of masked bus 30MB also has a signal there-
on indicating a binary one, a signal is generated by the
appropriate one of AND gates 1420 and placed on con-
ductor 148B1. However, if the corresponding bit posi-
tion MB22-MBO of masked bus 30MB has no signal
thereon thereby indicating a binary zero, no signal is
placed on conductor 14SB1.

14SB1=(MB0)(BS0) -+ (MB1)(BS1)
+(MB2)(BS2)+ . .. (MB22)(BS22)

Conductor 14SB1 is connected through OCG cable 4600
to OCG circuit 420CG. The presence or absence of a
signal on conductor 143B1 is used as a basis for condi-
tioning the selected flip-flop in flip-flop group 32SC2 if
the criteria specified by the instruction word so requires.

As noted above, the presence of zeros in all of the
sixteen least significant bit positions 15-0 or in all bit
positions 22-0 of the selected register may also serve as
a basis for conditioning the specified flip-flop in flip-flop
group 32SC2. One detector 300D examines the informa-
tion placed on unmasked bus 30UB from the selected
register, as described above, for the presence of binary
ones, If the entire content of the selected register is to
serve as the criteria for conditioning a selected flip-flop
in flip-flop group 32SC2, decoder 130D has placed a
signal on its output conductor OAZ23 as described above,
Under these conditions, during sequence states 0 and 1
of sequencer 4318, OCG circuit 420CG places a gating
signal on conductor OD23 of order cable 4209,

OD23=(BTS)(IS01)(0AZ23)

However, if the content of only the sixteen least significant
bit positions of the selected register are to be used as
criteria, no signal is placed on conductor OD23 of order
cable 4209.

In the absence of the signal from conductor OD23 of
order cable 4209, one detector 300D examines only the
sixteen least significant bit positions 15-0 of masked bus
30MB. This information is applied to OR gate 3020
which places a signal on its output conductor 30CI10L0
if a binary one is detected on any of the bit positions
MB15-MBO of masked bus 30MB. When a signal is
present on conductor OD23 of order cable 4209, the in-
formation on bit positions MB22-MB16 of masked bus
30MB is gated through AND gates 3019 to OR gate
3020. Accordingly, the presence of a binary one on any
of the bit positions MB22-MB16 will cause OR gate 3020
to place a signal on its output conductor 30C10L0.
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30C10L0=(0D23)[(MB22)+(MB21)+ . . . (MBO)]
+1(MB15)+(MB14) 4 . . . (MB0)]

During time interval 6T8 of sequence state 1 of se-
quencer 4318, the selected flip-flop FF1, FF2 or FF3 in
flip-flop group 32SC2 is conditioned in accordance with
the criteria specified in the instruction word. OCG circuit
420CG places a control signal on one of the conductors
SFF1, RFF1, SFF2, RFF2, SFF3 or RFF3 of order cable
4209 which causes the corresponding flip-flop FF1, FF2
or FF3 in flip-flop group 325C2 to be SET or RESET.

SFF1=(EBTS)(IS01)(OFF1)[(SB1)(04Zi6)
(OAZ23)+(0AZ16) (30C10L0) +(0AZ23)
(30C10L0)1(6T8) :

RFF1=(EBTS)(IS01) (OFF1)[(FB1)(04Z16)
(047223)+(0AZ16) (30TI0L0) +(0AZ23)
(30C°107:0) 1 (678)

SFF2—=(EBTS) (IS01) (OFF2)[(SB1)(0AZ16)
(OAZZ3)+(0AZ16) (30C10L0) + (OAZ23)
(30C10L0)1(6T8)

RFF2=(EBTS)(I501) (OFF2)[(5B1) (04Z16)
(0AZ23) +(0AZ16) (30CTI0L0)+-(0AZ23)
(300T010) 1(6T8) »

SFF3=—(EBTS) (1501) (OFF3)[(SB1)(GAZI16)
(0AZ23)+(0AZ16) (30C10L0) +(0AZ23)
(30C10L0)1(6T8)

RFF3=(EBTS) (1501)(OFF3)[(5B1)(04Z18)
(0ZZ23) + (0AZ16) (300T0L0) - (0AZ23)
(30C1070)1(6T8)

As indicated by the above Boolean expressions, the condi-
tion of conductors 30C10L0 is pertinent only when the
presence of all zeros in a specified portion of the informa-
tion in the selected register is the criteria for conditioning
the selected flip-flop in flip-flop group 32SC2. The condi-
tion of conductor 148B1 is pertinent only when the pres-
ence of all zeros in the selected register is not the specified
criteria. The particular flip-flop FF1, FF2 or FF3 in flip-
flop group 32SC2 which is conditioned is selected in ac-
cordance with the aforenoted signal from decoder 130D
on one of its output conductors OFF1, OFF2 or OFF3,

During sequence states 0 and 1 of sequencer 43IS,
OCG circuit 420CG maintains a control signal on con-
ductor CSRI-A of order cable 4209.

CSRI-A=(EBTS) (1501)

This signal initiates a read-instruction communications
operation CSRI-A whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by address
“g-+1” which is presently stored in register 21AR. Upon
completion of this communications operation CSRI-A,
signal processor 200 proceeds with the execution of the
machine instruction defined by the instruction word ob-
tained as a result thereof.

Command operation machine instruction CO

A command operation machine instruction CO includes
a single binary word having a memory location in Signal
Processor Call Store System 172 defined by address “a.”
The instruction word includes parity information (bit
23); information defining command operation machine
instruction CO (bits 22-19); information specifying
whether or not the content of register 24PR will be used
in generating a CPD command and possibly a network
command during execution of this command operation
machine instruction CO (bit 18); information specifying
whether or not a response from a scanner such as 123
is to be expected as a result of the execution of .this
machine instruction CO (bit 17); information specifying
whether either or both of the registers 2dPR and 25FR
must be loaded with data for generating CPD and net-
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work commands durinig execution of this machine in-
struction CO (bits 16 and 15); and information (address
“q") defining the mémory location in Signal Processor
Call Store System 172 wherein data is stored which is to
be used as a basis for generating a CPD command or a
network command during execution of this machtne in-
struction CO (bits 14-0). ' ‘ '

During execution of a command operation machine in-
struction COQ, data which may be used as a basis for gen-
erating a CPD command and possibly a network com-
mand is obtained from a memory location in Signal Proc-
essor Call Store System 172 defined by the address (ad-
dress “a™) included in the instruction word. Either the
data thus obtained or data previously placed in the appro-
priate registers 24PR and 25FR is ntilized to generate a
CPD command and, if required, a network command.
Network command. sequencer. 44NCS is started during
execution of this machine instruction CO. Sequencer
44NCS assumes independent control of the actions taken
by signal processor 200 which are associated with re-
sponses from the areas of the switching system to which
CPD and network commands are transmitted.

As previously described, during the read-instruction
communications operation CSRI- by means of which the
instruction word defining machine instruction .CO was
obtained from Signal Processor Call Store System 172,
sequencer 43IS was returned to sequence state 0 during
time interval 9T11, the binary value of information (ad-
dress “a™) stored in register 21AR was increased by one
to generate address “a-1” which defines the next memory
location in Signal Processor Call Store System 172, and
the ‘instruction word obtained from the memory location
defined by address “a” was simultaneously placed in reg-
isters 13IR and 21BR. : . o

The instruction word stored in register 13IR is ex-
amined by decoder 13ID to ascertain the machine in-
struction .identified thereby. ‘If the information in bit
positions IR22-IR19 defines a command operation ma-
chine instruction CO, decoder 13ID places a signal on
its output conductor ECO. .

ECO=(IR22)(IR21) (TR20)(IF19)

In response to a signal on conductor ECO of cable
1311, decoder 130D examines the information in bit
positions IR18-IR15 of register 13IR. If the information
in bit position IR18 of register 13IR indicates that the
content of register 24PR will be used during execution of
this machine instruction CO to gencrate a CPD com-
mand, decoder 130D places a signal on its output con-
ductor OUP, . -

: OUP=(IR18)(ECO)

If the information in bit position IR17 of register 13IR
indicates that a response from one of the system scanners
such as 123, 127, 135 or 139 is expected as a result of
the execution ©of this machine instruction CO, decoder
130D places a signal on its output conductor SAE.

SAE=(IR17)(ECO)

If the information in bit position IR16 of register 13IR
indicates that register 24PR is to be loaded with the data
stored in the memory location defined by address “a,”
decoder 130D places a signal on its output conductor
OLP. T :

OLP=(IR16)(ECO) -

If the information in bit position IR1S of register 13IR

indicates that the data stored in the memory location de-

fined by address “a” is to be placed in register 25FR,

decoder 130D places a signal on its output conductor

OLF. - S . -
o - OLF=(IR15)(ECO) -

If registers 24Pli and 25FR héve previously been loaded
with the information necessary to generate any required
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CPD and network commands, the information in bit posi-
tions IR15 and IR16 of register 13IR will not cause de-
coder 130D to place a signal on either of its output con-
ductors OLP or OLF.

During the time interval 2T4 immediately following the
storage of the instruction word in registers 13IR and
21BR, sequencer 43IS is advanced from sequence state 0
to sequence state 1. OCG circuit 420CG places a control
signal on conductor SIFF1 of sequence control cable 4201
which causes flip-flop IFF1 in sequencer 43IS to be SET.

SIFF1=(1501) (38CFE) (ENTEK) (2T4)

During sequence states 0 and 1 of sequencer 43IS,
OCG circuit 420CG maintains a control signal on con-
ductor CSRD-B of order cable 4209,

CSRD-B=(ECO) (1501)

This signal initiates a read-data communications opera-
tion CSRD-B whereby data is obtained from the memory
location in Signal Processor Call Store System 172 de-
fined by address “a” which is presently stored in register
21BR. In accordance with the previous description of a
read-data operation CSRD-, address “2” is transmitted to
Signal Processor Call Store System 172 during time in-
terval 4T6 of sequence state 1 of sequencer 43IS.

During the next time interval 12T14, sequencer 4318 is
advanced from sequence state 1 to sequence state 2.
OCG circuit 420CG places a control signal on conductor
SIFF2 of sequence control cable 4201 which causes flip-
flop IFF2 in sequencer 431S to be SET.

SIFF2=(32PR) (I512) (12T14)

In accordance with the previous description of a read-
data communications operation CSRD-, the data ob-
tained from the memory location defined by address “«”
is placed in register 21BR at some time between time in-
terval 9T11 of sequence state 1 of sequencer 43IS and
time interval 21T1 of sequence state 2 of sequencer 43I8S.
Following the storage of this information in register
21BR, the information is gated by way of unmasked bus
30UB, combination logic 30CBL and masked bus 30MB
from register 21BR to either or both of the registers 24PR
and 25FR in accordance with the aforenoted output sig-
nals from decoder 130D. During time interval 19T3 of
sequence state 2 of sequencer 43IS, OCG circuit 420CG

places a gating signal on conductor BRUB of order cable
4209,

BRUB=(ECO)(1523) (19T3)

In response to this signal, the information in bit positions
BR22-BRO of register 21BR is gated through AND gates
2105 to bit positions UB22-UB0 of unmasked bus 30UB,
This information is transmitted without modification
through combination logic 30CBL to bit positions MB22~
MBO of masked bus 30MB.

During time interval 19T1 of sequence state 2 of se-
quencer 431S, OCG circuit 420CG places a gating signal
on one, none or both of the conductors MBFR and
MBPR of order cable 4209. Selection of one, none or
both of the above conductors is made in accordance with
the aforenoted signal or signals from decoder 130D on
conductors OLF and OLP of OCG cable 4600.

MBFR=(ECO) (I523) (OLF)(19T1)
MBPR=(ECO)(1523) (OLP)(19T1)

A signal on conductor MBFR of order cable 4209 gates
the information on bit positions MB22-MBO of masked
bus 30UB through AND gates 2501 to bit positions
FR22-FRO of register 25FR. The single rail information
on masked bus 30MB is converted to double rail informa-
tion by AND gates 2501 for storage in register 25FR,
Similarly, a signal on conductor MBPR of order cable
4209 gates the information on bit positions MB22-MB0
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of masked bus 30MB through AND gates 2402 and OR
gates 2403 to bit positions PR22-PRO of register 24PR.
The single rail information on masked bus 30MB is con-
verted to double rail information by AND gates 2402 for
storage in register 24PR.

During the next time interval 2T4, sequencer 43IS is
advanced from sequence state 2 to sequence state 3, OCG
circuit 420CG places a control signal on conductor
RIFF1 of sequence control cable 4201 which causes flip-
flop IFF1 in sequencer 431S to be RESET.

RIFF1=(1823) (8T825)(38CRE)(2T74)

During sequence states 2 and 3 of sequencer 43IS,
OCG circuit 420CG maintains a control signal on con-
ductor SNCSQ of order cable 4209,

SNCSQ=(ECO)(38TRE)(1523)

Simultaneously with the aforenoted advance of se-
quencer 43IS from sequence state 2 to sequence state 3,
network command sequencer 44NCS is advanced from its
sequence state 0 to its sequence state 1. During the time
interval 2T4 corresponding to the advance of sequencer
431S from its sequence state 2 to sequence state 3, OCG
circuit 420CG places a control signal on conductor
SNCS3 of sequence control cable 4201 which causes flip-
flop NCSF3 in sequencer 44NCS to be SET.

SNCS3=(SNCSQ)(NCS01)(2T4)

During time interval 3T5 of sequence state 3 of se-
quencer 43IS and of sequence state 1 of sequencer
44NCS, flip-flop SCR in flip-flop group 35NTC is con-
ditioned to indicate whether or not a response from one
of the sysiem scanners, such as 123, 127, 135 or 139, is
expected as a result of the execution of this machine
instruction CO. OCG circuit 420CG places a control sig-
nal on one of the conductors SSCR or RSCR of order
cable 4209. Selection of one of these conductors is made
in accordance with the aforenoted signal from decoder
130D on its output conductor SAE,

SSCR=(ECO)(IS23)(SAE)(NCS14)(3T5)
RSCR=(ECO)(I523)(SAE)(NCS14) (3T5)

A signal on conductor SSCR of order cable 4209 causes
flip-flop SCR in flip-flop group 35NTC to be SET. A sig-
nal on conductor RSCR of order cable 4209 causes the
same flip-flop SCR to be RESET.

During the same time interval 3T5S of sequence state 3
of sequencer 43IS and sequence state 1 of sequencer
44NCS, flp-flop FINH in flip-flop group 35NTC is con-
ditioned to indicate whether or not the content of register
24PR will be used in generating the CPD and network
commands during execution of this machine instruction
CO. OCG circuit 420CG places a control signal on one
of the conductors SFINH or RFINH of order cable
4209. Selection of one of these conductors is made in ac-
cordance with the aforenoted signal from decoder 130D
on its output conductor QUP,

SFINH=(ECOQ) (I523) (OUP) (NCS14) (3T5)
RFINH=(EC0)(1523) (OUP) (NCS14) (3T5)

A signal on conductor SFINH of order cable 4209 causes
flip-flop FINH in flip-flop group 35NTC to be SET. A
signal on conductor RFINH of order cable 4209 causes
the same flip-flop FINH to be RESET.

Signal processor 200 now proceeds under control of
sequencer 44NCS to generate the required CPD and net-
work commands and to carry out the necessary actions to
receive and process any expected responses from the sys-
tem units to which the commands are directed.

During sequence states 2 and 3 of sequencer 4318, OCG
circuit 420CG maintains a control signal on conductor
CSRI-A of order cable 4209.
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CSRI-A=(ECO) (1523)

This signal initiates a read-communications operation
CSRI-A whereby the instruction word defining the next
machine instruction to be executed by signal processor
200 is obtained from the memory location in Signal Proc-
essor Call Store System 172 defined by address “a-41”
presently stored in register 21AR. Signal processor 200
completes the communications operation CSRI-A at the
same time that the actions controlled by sequencer 44NCS
are taking place. Signal processor 200 then proceeds to
execute the machine instruction defined by the instruc-
tion word obtained as a result of the communications
operation CSRI-A.

No-operation machine instruction NOP

A no-operation machine instruction NOP includes a
single binary word having a memory location in Signal
Processor Call Store System 172 defined by address “a.”
The instruction word includes parity information (bit
23) and information defining machine instruction NOP
(bits 22-15). The remaining bits of the instruction word
(bits 14-0) may be used to store data as they are not
pertinent to machine instruction NOP. Execution of a
no-operation machine instruction NOP merely consumes
one machine cycle of time (sequence states 0 and 1 of
sequencer 43IS) without performing any data processing
whatsoever.

As previously described, during the read-instruction
communications operation CSRI- by means of which
the instruction word defining machine instruction NOP
was obtained from Signal Processor Call Store System
172, sequencer 43IS was returned to sequence state 0
during time interval 9T11, the binary value of informa-
tion (address “a’) stored in register 21AR was increased
by one to generate address “a+1” which defines the next
memory location in Signal Processor Call Store System
172, and the instruction word obtained from the memory
location defined by address “a” was simultaneously placed
in registers 13IR and 21BR.

The instruction word stored in register 13IR is ex-
amined by decoder 13ID to ascertain the machine in-
struction identified thereby. If the information in bit
positions IR22-1R15 of register 13IR defines a no-opera-
tion machine instruction NOP, decoder 13ID places a
signal on its output conductor ENOP.,

ENOP=(TRZ2) (TR21) (TRZ0) (IF1D)
(TEIR) IRTT) (TRT6) (TRTE)

During the time interval 2T4 immediately following
the storage of the instruction word in registers 13IR and
21BR, sequencer 43IS is advanced from sequence state
0 to sequence state 1. OCG circuit 420CG places a con-
trol signal on conductor SIFF1 of sequence control cable
4201 which causes flip-flop IFF1 in sequencer 43IS to
be SET.

SIFF1==(1501) (38CTE) (ENTEK ) (2T4)

During sequence states 0 and 1 of sequencer 43IS,
OCG circuit 430CG maintains a control signal on con-
ductor CSRI-A of order cable 4209,

CSRI-A=(ENOP) (I1501)

This signal initiates a read-instruction communications
operation CSRI-A whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by ad-
dress “a-+4-1” presently stored in register 21AR. Upon
completion of this communications operation CSRI-A,
signal processor 200 proceeds with the execution of the
machine instruction defined by the instruction word ob-
tained as a result thereof,
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Parallel timing machine instruction PT

A parallel timing machine instruction PT includes three
binary words having memory locations in Signal Proces-
sor Call Store System 172 respectively defined by ad-
dresses “a,” “a+1" and “a+42.” The first instruction word
(defined by address “a”) includes parity information (bit
23); information defining parallel timing machine in-
struction PT (bits 22-15); and information defining the
memory location (address “z” of an instruction word
to which a transfer may be made following execution of
the parallel timing machine instruction PT (bits 14-0).

The second instruction word (defined by address
“a+4-17) includes a plurality of activity bits (bits 15-0).
In general, each of the activity bits indicates whether or
not the receipt of a signaling pulse by one of the call
signal receivers has been detected by a particular scanner
ferrod. This information was placed in the memory loca-
tion defined by address “a-+1” during execution of a
previous machine instruction.

The third instruction word (defined by address “a+2")
contains a plurality of timing bits (bits 15-0) each of
which indicates that a specified time has elapsed since a
signaling pulse was received by a specific call signaling re-
ceiver. This information also was placed in the memory
location defined by address “a+2” as a result of the ex-
ecution of previous machine instructions in the program
sequence.

During execution of a parallel timing machine instruc-
tion PT, the content of the second instruction word (ac-
tivity bits) and the content of the third instruction word
(timing bits) are compared. If any corresponding bit po-
sitions of the second and third instruction words both
contain a binary one, an indicator flip-flop (flip-flop FF1
in flip-flop group 32SC2) is SET, the activity bit in the
second instruction word which contains a binary one
is made equal to zero while all other activity bits remain
unchanged, and the instruction word defining the next
machine instruction to be executed by signal processor
200 is obtained from the memory location in Signal Proc-
essor Call Store System 172 defined by address “a+3.”

If binary ones are not present in both corresponding
bit positions of the second and third instruction words,
the instruction word defining the next machine instruc-
tion to be executed by signal processor 200 is obtained
from the memory location in Signal Processor Call Store
System 172 defined by address “a” which is included in
the first instruction word of parallel timing machine in-
struction PT.

During each execution of a parallel timing machine
instruction PT, all of the timing bits in the third instruc-
tion word are made equal to binary one. One use of
machine instruction PT is as a portion of an interdigital
timing program whereby the end of a digit is determined
when a signaling pulse is not followed by another signal-
ing pulse within a predetermined time interval, Other uses
of a parallel timing machine instruction PT will be de-
scribed later herein.

As previously described, during the read-instruction
communications operation CSRI- by means of which the
instruction word defining machine instruction PT was
obtained from Signal Processor Call Store System 172,
sequencer 43IS was returned to sequence state O during
time interval 9T11, the binary value of information (ad-
dress “a”) stored in register 21AR was increased by one
to generate address “a--1” defining the next memory loca-
tion in Signal Processor Call Store System 172, and the
instruction word obtained from the memory location de-
fined by address “a” was simultaneously placed in reg-
isters 13IR and 21BR.

The instruction word stored in register 13IR is ex-
amined by decoder 13ID to ascertain the machine instruc-
tion identified thereby. If the information in bit positions
IR22-IR15 of register 13IR defines a parallel timing ma-
chine instruction PT, decoder 131D places a signal on its
output conductor EPT.
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EPT=(IR22)(TR21) (TRZ0) (IR19)
(TR18) (IR17) (IR16) (IR15)

During the time interval 2T4 immediately following the
storage of the instruction word in registers 13IR and
21BR, sequencer 431S is advanced from sequence state 0
to sequence state 1. OCG circuit 420CG places a control
signal on conductor SIFF1 of sequence control cable 4201
which causes flip-flop IFF1 in sequencer 43IS to be SET.

SIFF1=(1501) (38CSE) (ENTE ) (2T4)

During time interval 3T7 of sequence state 1 of
quencer 431S, the first instruction word is gated from
register 2IBR by way of unmasked bus 30UB, combina-
tion logic 30CBL and masked bus 30MB to register 23YR.
Accordingly, address “a” is moved from bit positions
BR14-BRO of register 21BR to bit positions YR14~YR(
of register 23YR. During time interval 3T9 of sequence
state 1 of sequencer 43IS, OCG circuit 420CG places a
gating signal on conductor BRUB of order cable 4209,

BRUB=(EPT)(1501) (38CSE)(RC30)(3T9)

In response to this signal on conductor BRUB of order
cable 4209, the information in bit positions BR22-BR0O
of register 21BR is gated through AND gates 2105 to
bit positions UB22-UB0 of unmasked bus 30UB. This
information is transmitted without modification through
combination logic 30CBL to bit positions MB22-MBO of
masked bus 30MB.

During time interval 3T7 of sequence state 1 of
sequencer 4318, OCG circuit 420GC places a gating signal
on conductor MBYR of order cable 4209.

MBYR=(EPT)(1501) (38CFE) (RC30)(3T7)

In response to this signal on conductor MBYR of order
cable 4209, the information on bit positions MB22-MB0
of masked bus 30MB is gated through AND gates 2312
and OR gates 2313 to bit positions YR22-YRO of register
23YR. The single rail information on masked bus 30MB
is converted to double rail information by AND gates
2312 for storage in register 23YR.

During sequence states 0 and 1 of sequencer 4318, OCG
circuit 420CG ‘maintains a control signal on conductor
CSRD-A of order cable 4209.

CSRD-A=(EPT)(1501)

This signal initiates a read-data communications oper-
tion CSRD--A whereby data is obtained from the memory
location in Signal Processor Call Store System 172 de-
fined by address “a-+ 1" presently stored in register 21AR.
In accordance with the previous description of a read-data
operation CSRD-, address “a+-1” is transmitted to Signal
Processor Call Store System 172 during time interval 4T6
of sequence state 1 of sequencer 43IS.

During time interval 6T8 of sequence state 1 of se-
quencer 431IS, OCG circuit 420CG places a control signal
on conductor SECM of order cable 4209 which causes
flip-flop ECM in flip-flop group 33SCt to be SET.

SECM=(EPT)(1501)(678) (38CSE)

The significance of this action with regard to the critical
match cperations of signal processor 200 is described
later herein in association with the maintenance area.

During sequence states 1 and 2 of sequencer 43IS, OCG
circuit 420CG maintains a control signal on conductor
ARPC of order cable 4209.

ARPC=(EPT)(1512)

As previously described, a signal on conductor ARPC
controls incrementing control circuit 2111 so that the
binary value of information stored in register 21AR will
be increased in response to incrementing control signals
from OCG circuit 420CG.
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During time interval 11T13 of sequence state 1 of se-
quencer 4318, OCG circuit 420CG places an incrementing
control signal on conductor ARICT of order cable 4209.

ARICT=(EPT)(I512)(11T13) (RC30)

As previously described, a signal on conductor ARICT
in combination with a signal on conductor ARPC of order
cable 4209 causes incrementing control circuit 2111 to
increase the binary value of the content of register 21AR
by a value of one. Accordingly the previous content of
register 21AR, ie., address “a-+-1,” is increased by one
to generate address “g-2” which defines the memory
location of the third instruction word of parallel timing
machine instruction PT.

During the next time interval 12T14, sequencer 43IS is
advanced from sequence state 1 to sequence state 2. OCG
circuit 420CG places a control signal on conductor
SIFF2 of sequence control cable 4201 which causes flip-
flop IFF2 in sequence 431S to be SET.

SIFF2=(32PE)(1512)(12T14)

In accordance with the previous description of a read-
data communications operation CSRD-, the second in-
struction word of parallel timing machine instruction PT
is obtained from Signal Processor Call Store System 172
as a result of the communications operation CSRD-A
initiated above. The second instruction word is stored in
register 21BR at some time between time interval 9T11
of sequence state 1 of sequencer 43IS and time interval
21T1 of sequence state 2 of sequencer 43IS. Following
the storage of this information in register 21BR, the second
instruction word is gated from register 21BR to register
221 R by way of unmasked bus 30UB, combination logic
30CBL and masked bus 30MB.

During time interval 19T3 of sequence state 2 of se-
quencer 431IS, OCG circuit 420CG places a gating signal
on conductor BRUB of order cable 4209.

BRUB=(EPT)(I523) (1973)

In response to this signal, the information in bit posi-
tions BR22-BRO of register 21BR is gated through AND
gates 2105 to bit positions UB22-UBO of unmasked bus
30UB. This information is transmitted without modifica-
tion through combination logic 30CBL to bit positions
MB22-MBO of masked bus 30MB,

During time interval 19T1 of sequence state 2 of se-
quencer 4318, OCG circuit 420CG places a gating signal
on conductor MBLR of order cable 4209,

MBLR=—(EPT)(I523)(1971)

In response to this signal, the second instruction word
including the activity bits is gated from masked bus 30MB
to register 22LR. The information on bit positions MB22—
MBO of masked bus 30MB is gated through AND gates
2211 and OR gates 2213 to bit positions LR22-LR0O of
register 22LR. The single rail information on masked
bus 30MB is converted to double rail information by
AND gates 2211 for storage in register 22LR.

During the next time interval 2T4, sequencer 43IS is
advanced from sequence state 2 to sequence state 3. OCG
circuit 420CG places a control signal on conductor
RIFF1 of sequence control cable 4201 which causes flip-
flop IFF1 in sequencer 4315 to be RESET.

RIFF1=(1523)(38CRE) (SI825) (2T4)

During sequence states 2 and 3 of sequencer 43IS,
OCG circuit 420CG maintains a control signal on con-
ductor CSRD-A of order cable 4209,

CSRD-A=(EPT)(I523)

This signal initiates a second read-data communications
operation CSRD-A whereby the third instruction word
of the machine instruction PT being executed is obtained
from the memory location in Signal Processor Call Store
System 172 defined by address “g+4-2” which is presently
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stored in register 21AR. In accordance with the previous
description of a read-data communications operation
CSRD-, address “a+2” is transmitted to Signal Processor
Call Store System 172 during time interval 4T6 of se-
quence state 3 of sequencer 43I8S.

During the next time interval 12T14, sequencer 43IS
is advanced from sequence state 3 to sequence state 4.
OCG circuit 420CG places a control signal on conductor
SIFF3 of sequence control cable 4201 which causes flip-
flop IFF3 in sequencer 43IS to be SET.

SIFF3=—(32PR) (1534)(12T14)

In accordance with the previous description of a read-
data communications operation CSRD-, the third instruc-
tion word obtained from Signal Processor Call Store sys-
tem 172 as a result of the communications operation
CSRD-A initiated above is stored in register 21BR at
some time between time interval 9T11 of sequence state 3
of sequencer 43IS and time interval 21T1 of sequence
state 4 of sequencer 43IS. Following the storage of the
third instruction word in register 21BR, the word is gated
by way of unmasked bus 30UB, combination logic
30CBL and masked bus 30MB from register 21BR to
register 23XR. However, the third instruction word
which includes the timing bits is logically modified as it
passes through combination logic 30CBL. During time
interval 19T3 of sequence state 4 of sequencer 431IS, OCG
circuit 420CG places a gating signal on conductor
BRUB of order cable 4209,

BRUB==(EPT)(1545)(19T3)

In response to this signal, the information in bit posi-
tions BR22-BRO of register 21BR is gated through AND
gates 2105 to bit positions UB22-UBO of unmasked bus
30UB.

During the same time interval 19T3 of sequence state
4 of sequencer 43IS, OCG circuit 420CG places control
signals on each of conductors CLG0O, CLG! and CLG2
or order cable 4209.

CLGO=(EPT)(IS45)(19T3)
CLG1=(EPT)(I545)(19T3)
CLG2—=(EPT)(1545)(1973)

In accordance with the previous description of combina-
tion logic 30CBL, the presence of control signals on con-
ductors CLGO, CLG1 and CLG2 of order cable 4209
causes the logic product of the information in bit posi-
tions LR15-LRO of register 22LR and the information on
bit positions UB15-UB0O of unmasked bus 30UB to be
placed on bit positions MB15-MBO of masked bus 30MB.
Accordingly, the information on masked bus 30MB will
include a binary one on each bit position wherein a one
is present both in the activity word (bit positions LR15-
LRO) and in the timing bit word (bit positions UB15-
UBO0) and will include a binary zero on each bit position
wherein a zero is present in either the activity bit word
or the timing bit word. The resulting data word placed
on masked bus 30MB is designated a mismatch word.

During time interval 19T1 of sequence state 4 of se-
quencer 43IS, OCG circuit 420CG places a gating signal
on conductor MBXR of order cable 4209,

MBXR=(EPT) (IS45)(19T1)

In response to this gating signal, the information on bit
positions MB22-MBO of masked bus 30MB which in-
cludes the aforenoted mismatch word is gated through
AND pgates 2303 to bit positions XR22-XR0 of register
23XR.

As previously described, one detector 300D provides
a signal on its output conductor 30CI10LO whenever a
binary one is detected on any of the bit positions MB15—
MBO of masked bus 30MB.

30C10L0=(MB15)4 (MB14) 4 . . . (MB1)+(MBO0)
Accordingly, if the mismatch word includes any binary
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ones, a signal will be placed on conductor 30C10L0 of
OCG cable 4600.

During time interval 0T2 of sequence state 4 of se-
quencer 43IS, flip-flop FFA in flip-flop group 32SC2 is
conditioned to indicate the presence or absence of binary
ones in the mismatch word. OCG circuit 420CG places
a control signal on conductor SFFA of order cable 4209
causing flip-flop FFA to be SET if a binary one is detected
in the mismatch word.

SFFA=(EPT)(I545)(30C10L0)(0T2)

OCG circuit 430CG places a control signal on conduc-
tor RFFA of order cable 4209 causing flip-flop FFA to
be RESET if no binary ones are present in the mismatch
word.

RFFA=(EPT)(1545) (30T10L0) (0T2)

During the same time interval 0T2 of sequence state 4
of sequencer 43IS, flip-flop FF1 in flip-flop group 325C2
is conditioned to reflect the same information as that in-
dicated by the conditioning of flip-flop FFA described
above. OCG circuit 420CG places a control signal on
conductor SFF1 of order cable 4209 causing flip-flop
FF1 to be SET if a binary one is detected in the mismatch
word.

SFF1=(EPT)(I545)(30C10L0) (0T2)

OCG circuit 420CG places a signal on conductor RFF1
of order cable 4209 causing flip-flop FF1 to be RESET if
no binary ones are detected in the mismatch word.

RFF1=(EPT)(1545)(30C10L0)(072)

The condition of flip-flop FF9 in flip-flop group 32S8C2
determines whether or not a transfer to the machine in-
struction identified by the instruction word stored in the
memory location defined by address “=” will be made.
The condition of flip-flop FF1 in flip-flop group 325C2
may be utilized if required in modifying actions taken by
signal processor 200 during execution of a subsequent
machine instructon.

During the next time interval 2T4, sequencer 43IS is
advanced from sequence state 4 to sequence state 5. OCG
circuit 420CG places a control signal on conductor
SIFF1 of sequence control cable 4201 which causes flip-
flop IFF1 in sequence 43IS to be SET.

SIFF1=(I545) (ST529) (FIS13) (2T4)

During sequence states 4 and 5 of sequencer 4318,
OCG circuit 420CG maintains a control signal on con-
ductor CSW-A of order cable 4209.

CSW-A=(EPT)(1545)

This signal initiates a write-data communications op-
eration CSW-A whereby binary ones are placed in all
bit positions of the timing bit word in the memory loca-
tion in Signal Processor Call Store System 172 defined
by address “a+42” which is presently stored in register
21AR. In accordance with the previous description of a
write-data communications operation CSW-, address
“q-+2" is transmitted to Signal Processor Call Store Sys-
tem 172 during time interval 4T6 of sequence state 5
of sequencer 431IS.

During sequence states 5 and 6 of sequencer 4318, OCG
circuit 420CG maintains a control signal on conductor
ARMC of order cable 4209.

ARMC=(EPT)(1545)

As previously described, a signal on conductor ARMC of
order cable 4209 controls incrementing control circuit
2111 so that the binary value of information stored in
register 21AR will be decreased in response to increment-
ing control signals from OCG circuit 420CG.

During time interval 11T13 of sequence state 5 of
sequencer 4318, OCG circuit 420CG places an increment-
ing control signal ARICT of order cable 4209.
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ARICT=(EPT)(1556)(11T13}(RC30)

As previously described, a signal on conductor ARMC
of order cable 4209 in combination with a signal on con-
ductor ARMC of order cable 4209 causes incrementing
control circuit 2111 to decrease the binary value of in-
formation stored in register 21AR by a value of one.
Accordingly, address “a+4-2” which is presently stored in
register 21AR is decreased by one to generate address
“a+1” defining the memory location of the second in-
struction word of parallel timing machine instruction PT.

During the next time interval 12T14, sequencer 43IS
is advanced from sequence state 5 to sequence state 6.
OCG circuit 420CG places a signal on conductor RIFF2
of sequence control cable 4201 which causes flip-flop IFF2
in sequencer 43IS to be RESET.

RIFF2=(1556) (12T14)

During time interval 9T18 of sequence states 5 and 6
of sequencer 43IS, OCG circuit 420CG removes the
control signals which it normally places on conductors
CLG0 and CLG1 of order cable 4209.

CLGO=(EPT)(1556)(9T18)
CLG1=(EPT)(IS56)(9T18)

Thus, all control signals are removed from combina-
tion logic 30CBL. As previously described, in the absence
of control signals from any of the conductors CLGO—
CLG6 of order cable 4209, binary ones are placed on
each of the bit positions MB15-MBO0 of masked bus
30MB.

In accordance with the previous description of a write-
data communications operation CSW-, the information
on masked bus 30MB is transmitted to Signal Processor
Call Store System 172 during time interval 14T16 of se-
quence state 6 of sequencer 431S. This information is
written into the third instruction word at the memory
location in Signal Processor Call Store System 172 de-
fined by address “a+2” which was previously trans-
mitted to Signal Processor Call Store System 172 as de-
scribed above.

Signal processor 200 may now follow one of two
courses of action in accordance with the condition of
flip-flop FFA in flip-flop group 32SC2. If flip-flop FFA
is SET, a signal is placed on its output conductor 32FFA
which is transmitted through cable 3216 to decoder 130D.
If flip-flop FFA is RESET, a signal is placed on its out-
put conductor 32FFA which is transmitted through cable
3216 to decoder 130D. In response to these input sig-
nals, decoder 130D places a signal on one of its out-
put conductors T or NT.

T—=(EPT) (33FFX)
NT=(EPT)(32FFA)

The presence of a signal from decoder 130D on its
output conductor T indicates that a transfer is to be
made and that the instruction word defining the next ma-
chine instruction to be executed by signal processor 200
will be obtained from the memory location in Signal
Processor Call Store System 172 defined by address “«”
which is presently stored in register 23YR. Under these
conditions and during time interval 19T3 of sequence
state 6 of sequencer 43IS, OCG circuit 420CG places a
gating signal on conductor YRUB of order cable 4209.

YRUB=(EPT)(1567)(T)(19T3)

In response to this signal, the information in bit posi-
tions YR22-YRO of register 23YR is gated through
AND gates 2314 to bit positions UB22-UBO of unmasked
bus 30UB. This information is transmitted without modi-
fication through combination logic 30CBL to bit posi-
tions MB22-MBO of masked bus 30MB.

During time interval 19T1 of sequence state 6 of se-
quencer 4318, OCG circuit 420CG places a gating signal
on conductor MBBR of order cable 4209,
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MBBR=(EPT)(IS67)(T)(19T1)

In response to this signal, the information on bit posi-
tions MB22-MBO of masked bus 30MB is gated through
AND gates 2102 and OR gates 2104 to bit positions
BR22-BRO of register 21BR. The single rail information
on masked bus 30MB is converted to double rail informa-
tion by AND gates 2102 for storage in register 21BR. Ac-
cordingly, bit positions BR14-BRO of register 21BR now
contain transfer address “a” as defined by bits 14-0 of
the first instruction word of parallel timing machine in-
struction PT.

During the next time interval 2T4, sequencer 43IS is
advanced from sequence state 6 to sequence state 7. OCG
circuit 420CG places a control signal on conductor
SIFF4 of sequence control cable 4201 which causes flip-
flop IFF4 in sequencer 43IS to be SET.

SIFFA=(1S67) (2T4) (38CRE)

During sequence states 6 and 7 of sequencer 43IS, if a
signal is detected from decoder 130D on its output con-
ductor T, OCG circuit 420CG maintains a control signal
on conductor CSRI-B of order cable 4209.

CSRI-B=(EPT) (IS67)(T)

This signal initiates a read-instruction communications
operation CSRI-B whereby the instruction word defining
the next machine instruction to be executed by signal
processor 200 is obtained from the memory location in
Signal Processor Call Store System 172 defined by ad-
dress “a” which is presently stored in 21BR.

During time interval 6T8 of sequence state 7 of se-
quencer 4315, OCG circuit 420CG places a gating signal
on conductor BRAR of order cable 4209.

BRAR=(EPT) (I567)(T)(67T8)

In response to this signal, the information in bit positions
BR14-BRO of register 21BR is gated from cable 2108
through AND gates 2114 and OR gates 2115 to bit posi-
tions AR14-ARO of register 21AR. The single rail in-
formation on cable 2108 is converted to double rail
information by AND gates 2114 for storage in register
21AR. Accordingly, register 21AR now contains the ad-
dress “a.”

As previously described, during the read-instruction
communications operation CSRI-B initiated above the
binary value of information stored in register 21AR is
increased by one. Accordingly, address “a” will be modi-
fied to generate address “a+1” defining the next memory
location in Signal Processor Call Store System 172. Up-
on completion of the communications operation CSRI-B,
signal processor 200 proceeds to execute the machine in-
struction defined by the instruction word obtained as a
result thereof.

If a signal has been placed by decoder 130D on its
output conductor NT rather than its output conductor T,
signal processor 200 will not follow the above course
of action but will pursue a second course of action. Se-
quencer 431IS will be advanced from sequence state 6
to sequence state 7 during time interval 2T4 as described
above; however, address “a” is not gated from register
23YR to register 21BR as described previously,

If a signal is detected on conductor NT from decoder
130D, OCG circuit 420CG maintains a control signal
on conductor CSW-A of order cable 4209 during se-
quence states 6 and 7 of sequencer 43IS.

CSW-A=(EPT) (IS67)(NT)

This signal initiates a write-data communications opera-
tion CSW~B whereby an updated activity bit word is
written into the memory location in Signal Processor Call
Store System 172 defined by address “a-+1” which is
presently stored in register 21AR. In accordance with
the previous description of a write data communications
operation CSW-, address “a—1" is transmitted to Sig-






