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. 3,268,669

COMMON CONTROL FOR REMOTE TELEPHONKE
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Frank S. Vigliante, Piscataway Township, Middlesex
County, Robert D. Williams, Middletown, and Eldon L.
Seley, New Shrewsbury, N.J., assignors to Bell Tele-
phone Laboratories, Incorporated, New York, M.Y., a

corporation of New York
Filed Jan. 21, 1963, Ser. No. 252,797
37 Claims. (Ci. 179—27)

This invention relates to control facilities for a tele-
phone system, and more particularly to the common con-
trol of a plurality of private branch exchanges from a
single unit remote from the PBX’s, the operation of which
is directed by a stored program.

From the point of view of the user, telephone service
is acceptable if call connections are completed in a mat-
ter of seconds. Thus the mere substitution of high speed
electronic devices for the slower electromechanical coun-
terparts employed in contemporary systems would afford
little advantage. The picture changes dramatically, how-
ever, when control operations for a number of isolated
telephone exchanges are performed in common at a single
location. In the latter case, with a large number of calls
being processed concurrently, the high speed capabilities
of a relatively small number of devices at the common
control facility are realized.

Further advantages may be derived from such a system
organization, particularly with a group of isolated PBX’s,
by utilizing stored program techniques in the common
control unit. Such techniques envision the implementa-
tion of a predetermined series of actions In response to
a set of instructions contained in a memory or program
store. Such a set of instructions may be modified at will,
thus providing flexibility at a common point to meet the
individual needs of the considerable number of PBX
customers 1t can serve,

It is a general object of this invention to provide an
improved telephone system.

It is another object of this invention to improve the
operation of the common control facility in a telephone
system serving a plurality of private branch exchanges.

It is a further object of this invention to utilize stored
- program techniques to optimum advantage in the com-
mon control facility in the processing of all calls through
the multiple PBX system.

These and other objects of this invention are attained
in one specific illustrative embodiment comprising a tele-
phone system having a plurality of isolated PBX switch-
ine units, the control functions of which are performed by
a common control facility remote from the PBX’s. A
system of this type is disclosed, for example, by R. C.
Gebhardt et al. in patent application Serial No. 195,-
199, filed May 16, 1962, now Patent 3,225,144, issued
December 21, 1965. Data is transmitted to the control
anit from the various PBX’s for processing, after which
operating instructions are returned to the PBX's for im-
plementation. These instructions direct switching opera-
tions which serve to interconnect pairs of lines in com-
munication on a time division basis.

The control facility of the instant embodiment is In
two section operating in different {ime cycles. The input-
output section is in direct contact with all of the PBX
switch units, and may receive messages from each unit
simultaneously. These messages, represenfing line con-
ditions and called line designations, are stored in serial
from in a temporary memory until requested by the call
processing section. The input-output section also re-
‘ceives messages from the call processing section for sub-
sequent dissemination throughout the system. Transfers
of information between the two sections of the control
unit are in parallel form.
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The principal functions of the call processing section
are to establish and supervise calls through the system.
For these purposes it records the status of each call and
maintains this status current in accordance with the ac-
tions of the calling and called parties and the condition of
equipment involved. The call status is maintained in a
temporary memory, with updating accomplished under
control exercised by a stored program. The program di-
rects the correlation of new messages obtained from the
input-output section with current status records and the
dissemination of orders and information for subsequent
system action.

It is a feature of this invention that in a telephone sys-
tem, a plurality of private branch exchange switching
units be controlled in common by a facility remote from
the PBX units consisting of a call processing section di-
recied by a stored program and an input-output section
which exchanges data with the PBX units and with the
call processing section pursuant to the establishment
and supervision of all calls through the system.

It is another feature of this invention that the input-
output section of the control unit receive data directly
from each PBX switch unit as transmitted, scan the re-
ceived data, and store it in a distinct memory storage area
allocated to each PBX switch unit.

More particularly, it is a feature of this invention that
the received data comprising line condition information
and called line designations be routed to different por-
tions of the allocated storage area, the called line designa-
tion receivers being scanned on a time division basis and
their content routed selectively to the input-output sec-
tion memory. |

It is another feature of the invention that the input-
output section may alert the call processing section as
to the type of call being placed prior to receipt of a com-
plete called line designation and in turn receive from the
call processing section for subsequent outpulsing such a
complete called line designation.

It is a further feature of this invention that the scanning
routine in the input-output section be interrupted at the
discretion of the call processing section to permif an ex-
change of information therebetween without disturbing
the activity of the input-output section with respect to
the PBX switch units.

Tt is still another feature of this invention that the call
processing section comprise a temporary call status mems-
ory, a semipermanent line information memory and a
semipermanent program store, all of which are controlied
by the stored program to process a single call at a time.

More particularly, it is a feature of this invention that
the status of each call, as recorded in the call status store,
be observed in sequence, that an indication of the progress
of each call contained in this call status record initiate
the addressing of the program store to the proper program
sequence for performing the system actioms required by
the particular call status. |

It is a feature in accordance with one aspect of this
invention that the- call processing section include an ac-
tive call status store containing the current call status rec-
ords, a standby call status store containing information
required in the processing of certain types of calls, and
duplicate program stores each connected to a correspond-
ing one of the call status stores and only active if the cor-
responding call status store is active.

It is a further feature in accordance with this aspect
of the invention that the content of the active and standby
call status stores be interchanged under control of either
of the duplicate program stores. |

A complete understanding of this invention and of the
above-noted and other features thereof may be gained
from consideration of the following detailed description
and the accompanying drawing, in which:
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FIGS. 1 and 2 are block diagram representations of a
private branch exchange system in accordance with this
invention;

FIGS. 3 through 13 contain a more detailed represen-
tation of the system’s control facility in accordance with
this invention:

- FIGS. 14 and 15 illustrate the operation of a portion
‘of the control facility in greater detail;

FIGS. 16 and 17 depict the typical content of the vari-
ous memory units contained in the control facility; and

FIG. 18 is a key chart representation of the arrange-
ment of FIGS. 3 through 13.
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4—Processing a Call o ___________ 35
I—Switch units 10-n (FIG. I)

Turning now to the drawing, the principal character-
istics of one switch unit and the control unit for the elec-
tronic PBX system are illustrated in FIG. 1. The switch
unit 10 is essentially as described in detail in the afore-
mentioned R. C. Gebhardt et al. patent, but for purposes
of understanding the overall system operation, a brief
description of the switch unit operation is provided here-
“with.

Time division switching is based on the principle that
periodic samples of an information signal are sufficient
to completely define the signal and that such samples,
gleaned from a mulfitude of signals, may be transmitted
in a regular sequence over a time-shared common path.
Thus a plurality of terminal stations such as telephones
1-n 1s connected to a common transmission bus 160
through corresponding line gates 181-101n, which gates
are sampled on a selective basis for a predetermined time
interval 1n a recurrent cycle of time intervals. If a pair
-~ of gates 15 closed simultaneously for the prescribed time
interval, a sample of the information available at each
terminal will be transferred to the opposite terminal via
the common transmission bus 180 and the low pass filters
included in the line circuits corresponding to the active
gates. ‘Thus a bilateral connection is established which,
although physically connected only a small fraction of the
time, appears to be continuously connected because of the

‘smoothing action of the line filters.

- Tt is characteristic of the contemporary PBX operations

that they are self-contained, i.e., the transmission circuits,
switching network and all control circuits, are Iocated to-
gether on the customer’s premises. 'The instant system,
as indicated in the aforementioned Gebbhardt et al. patent,
extends the common control concept by having a centrally
located control unit 26 which directs the call processing
in all of the remotely located switch units 10 via corre-
sponding data links. More specifically, the switch unit
10 informs the control unit 29 of all changes in the super-
visory status of telephone lines, trunks and attendant con-
sole keys, ¢.g., whether they are idle (on-hook) or busy
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4
(off-hook). The control unit 20 then performs all of the
decision-making tasks of call processing. S

The operation of the switch unit 10 may be understood
more fully upon consideration of a typical intra-PBX
call. Assume telephone 1, FIG. 1, goes off-hook. This
change of status is recognized by the scanner 110 which
in turn formulates a message containing the correspond-
ing line number and the new supervisory state. This in-
formation is transmitted to the control unit 20, FIG, 2,
via data transmitter 111 and the send leg of the data link.

The control unit 26, recognizing that there is no current
call established which involves this particular line, deter-
mines that the off-hook indication is a request for services
and proceeds to set up a dialing connection. For this
purpose a message is sent to the switch unit 18 via the
receive leg of the data link, specifying that the telephone
I be connected to a preselected digit trunk 207. This
message 1S received by the data receiver 112 and trans-
ferred to the network control 114 via the data distributor
113. 'The network control in turn stores this message and
translates it in order to effect connection of the appropri-
ate line to the digit trunk in a predetermined time inter-
val. At the same time the control unit 2¢ proceeds to
connect the digit trunk 207 to a digit receiver 209 so as
to transmit dial tone via the digit trunk to the tele-
phone 1.

Telephone 1 now proceeds to dial or otherwise transmit
the digits representing the called line. Upon completion
of dialing, the control unit 20 sends a message to the
switch unit 10 which removes the connection to the digit
trunk and establishes instead a ringing connection to the
called line with audible ringing return to the calling party

- at telephone 1. When the called party answers, an off-

hook message is sent to the control unit 2¢ which returns
the message to the switch unit 10 to terminate ringing
and establish a talking connection.

As indicated in this example, all changes in supervisory
states result in a data message being transmitted from the
scanner 110 in the remote switch unit 10 to the control
unit 20 and an answering message from the control unit
20 being received in switch unit 10 over the data link
and utilized by the network control 114 to establish the
appropriate connections in a predetermined time slot in
each cycle of time slots. The content of the received
message also determines its distribution in the switch unit
10 either to the network control 114 or through the at-
tendant translator 115 to the attendant console 25.

It may be seen that all control operations are effected

exclusive of the attendant console 25. Thus the attendant

circuit is simply a translator with facilities for observing
the condition of all telephones and trunks. The attendant
facilities, however, operate in the same fashion as any
telephone in exercising supervision.

The network control 114 consists of a store 120 to
remember the calls in progress, which store is coupled
through a line translator 121 to activate the appropriate
time division gates in the switching network. New infor-
mation from the data distributor 113 is gated into the
store 128 during a read cycle when the number of a par-
ticular time slot agrees with a particular store address.
During a write cycle of the store, information is gated
from the store 129 to the line translator 121. The output
of the line translator 121 is directed simultaneously to
any predetermined pair of line gates, thus effecting their
operation during a predetermined time interval, Trunk
circuits 213 serve to connect PBX lines to other remote
PBX’s and to a central office. In addition to lines and
trunks, tone sources ‘other than dial tone, such as busy
and audible ringing tones, are contained in the switch unit
and have access through line gates to the transmission bus
160. The control unit 26 merely connects the tone source
as a called party.

In a time division switching system, failures may occur
in a common transmission bus as well as in common con-
trol circuits. ‘The problem is aggravated by the remote
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location of the switch unit in relation to the control unit.
Thus in order to obtain the desired reliability in the
switch unit, the common circuits 110-115 and the trans-
mission bus 180 advantageously may be duplicated. Each
line or trunk then would have access to either transmission
bus via separate gates. The gates associated with bus 100
would be controlled by one network control, and those
with the duplicate bus, by the other network control.

IH—Control unit 20 (FIG. 2)

As indicated heretofore, the instant system comprises a
number of remotely Jocated PBX switch units 18—n which
are subject to instructions received from a centraily lo-
cated control unit 20. Advantageously, the control unit
20 may be located at a telephone central office, while the
PBX switch units 16-n may each be located in a different
PBX customer’s office.

The control unit 2¢ performs all of the logical functions
required to process calls through each of the remote
switch units 10—n. It may, for ease of description, be
divided into two major sections, viz., the mput-output sec-
tion 21, and the call processing section 22, the former
comprising the equipment which communicates directly
with each of the switch units 1¢--n and central oflices con-
nected to the control unit 2¢, while the latter performs
the actual processing required to establish and supervise
calls at the various switch units 1¢—n. Thus a single
memory unit in the input-output section 21 receives and
stores information from all of the switch units and 18
capable of working with all of the switch units simul-
taneously. The call processing section, on the other hand,
operates on one switch unit at a time and on one call at
a time within a given switch unit. As each call is proc-
essed, any action required is formulated as a message and
placed in the input-output section for transmittal to the
proper switch unit. The two sections operate in inde-
pendent time cycles. Also the input-output section 21
comprises wired logic as contrasted with the stored pro-
oram which controls the call processing section 22.

A—Input-output section 21 (FIGS. 3, 4 and 7)

As illustrated in FIG. 2, the inpuf-output section 21
of the control unit 20 is arranged to handle three types
of information. Thus data is received from one of the
switch units 10 via data links indicating the supervisory
status of the various lines. Data is transmitted to the
switch units over these data links in the form of instruc-
tions or commands to establish and disconnect the vari-
ous lines. Incoming data is received in a data receiver
201 and transferred to the data and digit store 204 via
an incoming data trunk 202 and data control 263. Out-
~ ooing data is taken from the data and digit store 204
and transmitted to the switch unit via the data control
203, an outgoing data trunk 205 and a data transmitter
206. The input-output section 21 also receives call des-
tination information from calling parties via digit trunks
as they dial or otherwise outpulse digits designating called
lines. The third type of information comprises com-
mands from the call processing section which are utilized
for supervision of the trunks connecting the various
switch units to each other or to central offices with provi-
sion for the outpulsing of line designation digits over
these outgoing trunks.

1—Input-output section storage

The data and digit store 264 is the heart of the mput-
output section 21 which is required to store all data
received from each switch unit 16—» and from the call
processing section 22 and to retain incoming and out-
going digits designating calling lines. For these varied
functions a temporary or buffer store is provided, advan-
tageously comprising a ferrite sheet, as disclosed for
example, in R. L. Ashenhurst et al. Patent 2,912,677,
issued November 10, 1959,

The master scanning cycle for observation of the vari-
ous trunks, as illustrated in FIG. 16, is established in the
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data control 203 with the aid of the system clock. The
memory layout in the store 284 in accordance with this
scan cycle is illustrated in FIG. 16, During the first part
of each cycle, the portions of the store 204 associated
with a group of digit receivers 269 are addressed in
sequence concurrent with the addressing of the corre-
sponding digit receiver 209. New information concern-
ing the designation of called parties, if any, derived
from such sampling, is placed in the store 204 with the
aid of the digit control circuit 210.

If the call with which the particular digit receiver 209
and the corresponding portion of the store 2¢4 are then
associated requires outpulsing, as when the called party
is located outside the switch unit terminating the calling
line, the necessary information for pulse construction 1s
extracted from the store 204 during the period that the
digit receiver 209 is being scanned.

Inasmuch as scanning of the digit trunks 207 associated
with switch unit is accomplished at a much greater rate
than the receipt of digits from any given switch unit, it is
not necessary to sample all of the digit receivers 209
during one scan cycle. Thus the digit control 214 is
arranged so as to direct the scanner in the data control
203 to only three out of the n receivers in each scan
cycle. |

During each scan cycle following the portion devoted
to observing the three receivers, switch unit data storage
areas each comprising three outgoing message words and
one incoming message word for each of the switch units
are addressed sequentially by direction of the data con-
trol 203. Simultancously, the data control 203 actuates

corresponding incoming data trunks 202 or outgoing data
trunks 205,

2—Data transfer equipment

The data receiver 201 is coupled to the send lead of
each data link so as to receive messages indicating changes
of state af stations in each switch unit. The messages are
received in a particular coded form consisting of fre-
quency shift, binary pulses. The data receiver 281 com-
prises conventional elements capable of detecting and
demodulating such coded information, placing it in a
form which may be utilized by the data processing equip-
ment in the control unit 20. It also serves to recover
timing signals from the various data links, which signals
are used to indicate to the data processing equipment of
the control unit 20 the beginning of each binary digit, as
well as to regenerate output data signals.

Timing recovery is accomplished by conventional cir-
cuitry comprising an oscillator, a wave shaper and a fre-
quency divider. The resulting data, in the form of binary
digits, is sampled by an associated incoming data trunk
202 and placed in the data and digit store 204 via logic
circuitry in the data control 263.

The incoming data trunk 262 receives the data from
the receiver 201 as a series of mark or space signals
representing binary digits, together with appropriate
synchronizing signals, and combines such information
with timing signals from a clock circuit in conventional
logic circuits comprising OR gates and flip-flops to route
the data to the data control 203. The data is delivered
serially, information in the trunk being sampled at a rate
greater than the binary digit (bit) rate of the message.
The logic circuitry is arranged so that each bit can be
received and placed in storage while preventing multiple
sampling of any one bit regardless of the bit length.

A scanner circuit in the data control 203 looks at the
line condition information received by the incoming data,
trunk 202 from the data receiver 201 associated with
each switch unit once in each scan cycle. The data con-
trol 203 assures that the proper area in the data and
digit store 204 is being addressed and, when such 1s the

case, permits the information received from the incoming
data trunk 202 to be gated into the store 204,
The data control 203 is associated with the data store
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204 in such a manner as to permit the orderly insertion
and withdrawal of data and digits designating called
linres. It also comprises appropriate logic circuitry for
supporting operations of the digit control 210, the sender
control 231 and various components in the call process-
ing section 22.

The routine addressing and scanning Operatlons are per-
formed by the data control 283 1n sequence, suibject to
interruption at any time by the call processing section 22
to remove data from the store 204 for appropriate process-
ing or to insert data therein for subsequent transmission
to the appropriate switch unit. The scanning cycle is
designed to permit such interruptions without affecting its
basic period. Upon execution of the commands received
from the call processing section 22, the normal scanning
operation is resumed by the data control 203 from the
point at which the interruption occurred.

The counterpart of the data receiver 201 is the data
Aransmitter 206, which serves to convert the data ele-
ments of the messages presented to it to freq uency shift
binary pulses for transmission over the receive lead of
the appropriate one of the data links to the designated
switch unit. The transmitter 206 comprises conventional
modulator, filter and transformer components for per-
forming the necessary conversion.

The outgoing data trunk 205 is alerted by the data
control 203 each time it is determined that a data element
is due for transmission to a particular switch unit 10-n
corresponding to the alerted trunk 205. The outgoing
trunk 2035 utilizes this signal representing the binary digit
1, together with signals from the system clock, to generate
‘and deliver to the data transmitter 206 a full length data

element.
| 3—Digit transfer equipment

The digit trunk 207 connects a particular switch unit
to a digit receiver 209 under control of the digit receiver

connector 268. The digit trunk circuit 207 consists of
an input transformer, a voltage limiter, a filter, and a pair
of switches for resonant transfer of signals stored in the
trunk circuit to the digit receiver 209 on a time division
basis. Such circuitry is conventional, the time division
gates and resonant transfer operation being disclosed, for
example, in W. D. Lewis Patent 2,936,337, issued May 10,
1960. Thus digits received from the remote switch unit
10 in the digit trunk 207 are assigned to a particular digit
receiver 209 via common links shared by all digit trunks
connected to corresponding remote switch units. The cir-
cuit 1s bilateral, permifting transmission of dial tone gen-
erated at the digit receiver 209 to a switch unit 10.

The assignment of digit trunks such as 267 and digit
receivers such as 209 is controlled by the digit receiver
connector 268. It also commands the digit receiver 209
to transmit dial tone to the digit trunk 207. Upon re-
ceipt of all digits designating a particular called line in
the digit receiver 209, the digit receiver connector 208
breaks down the connection between the digit receiver 209
and the digit trunk 207.

When the call processing section 22 requires that a par-
ticular digit receiver 209 be connected to a particular digit
trunk 207 associated with a given switch unit 10, it trans-
mits a message to the digit receiver connector 288 con-
taining the designation of the switch unit, the digit trunk
267 and the digit receiver 289 involved, together with
the fact that this is a new message.

This information is registered temporarily in the digit
recelver connector 208, permitting the ball processing sec-
tion 22 to proceed to other tasks. The digit receiver con-
nector 208 in turn locates the portion of a memory unit
contained therein corresponding to the designated digit
receiver 209 and proceeds to write the switch unit and
digit trunk 287 designations in this area. The distinct
areas in the memory unit corresponding to the various
digit receivers 209 are scanned sequentially and informa-
tion read out is held temporarily in a register. Concur-
rently, the designation of the storage area itself corre-
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sponding to the particlular digit receiver 289 is also held
in a temporary register. Subsequently, the information
held in a temporary registers is transmitted through a pair
of translators and serves to enable the time division
switches in the designated digit trunk 287 and digit re-
cerver 209 so as to permit the resonant transfer of infor-
mation therebetween.

As this was designated as a new message by the call
processing section 22, the translated designation of the
digit receiver 209 also includes a command to enable a
dial tone generator, such that on subsequent scans of this
receiver, dial tone will be transmitted through the corre-
sponding digit trunk 207 to the designated switch unit.
The digit receiver 209 is also prepared to receive digits
from the switch unit, the first one of which will reset the
dial tone ﬂip-ﬂcvp sO as to cut off dial tone transmission.

Thus the primary components of the digit receiver
connector 268 are involved in the memory unit containing
specific areas allotted to corresponding digit receivers 209.
The memory unit may be of the magnetic core type uti-
lized in the switch units. Such a memory is referred to as
the inhibited fluxor, described for example in J. L. Rogers
Patent 2,926,342, issued February 23, 1960, In addition
to the memory, the unit comprises appropriate drive and
translation circuitry, with timing under control of the sys-
tem clock. These features are essentially the same as
those illustrated in the switch unit network control 114.
The particular components include typical logic circuits
such-as AND and CR gates, flip-flop counters and shift
registers. |

The digit receivers 209 are the connecting links be-
tween the digit trunks 207 and the digit contro]l 219. As
indicated heretofore, a digit receiver 209 under control of
the digit receiver connector 288 is connected via a time

division common bus to a particular digit trunk 207,
which in turn corresponds to a particular one of the sw1tch

units 16-n.

Upon establishment of the connection, the digit re-
cerver 209 furnishes dial tone to the switch unit and in-
forms the digit control 210 when this has been done.
When the digit signals converted to tone signals at the
switch unit are received through the digit trunk 207, they
are decoded in a conventional manner and combmed with
signals originated in the digit control 210 to permit the
digit control 210 to select appropriate output signals from
a particular digit receiver 269,

The first such digit signal received from a switch unit
also causes the digit receiver 269 to stop sending dial
tone. After the digit receiver 209 has completed its func-
tion, i.e., received all of the digits from the calling line
demgnatmg a particular called line, as determined by the
call processing section 22, it is connected from the digit
trunk 207. It is then reset in a conditicn preparatory to
its assignment to another call by the digit receiver con-
nector 268 and so informs the digit control 210. In
addition to the time division gates and filters, the digit
receiver 209 comprises conventional logic circuitry such
as AND and OR gates, plus a tone receiver circuit as
known in the art,

From the foregoing it is apparent that the basic func-
tion of the digit con‘rol 218 is to provide for the insertion
of digit information concerning a called line, as pro-
vided to the data and digit store 204 by a calling line.
This information is obtained by the digit control 210
from sampling the various digit receivers 289. It further
determines when all or part of the stored digits should
be transferred to the call processing section 22 for the
latter’s analysis and cooperative action. It also functions
i conjunction with the sender control 2121 on calls placed
to areas remote from the switch unit originating the call.

The outputs of the digit receiver 209 are translated by
conventional translator circuits in the digit control 216.
A decoder circuit determines from the first pulse received
from the digit receiver 269 through the translators whether

the di ﬂlts are of the dial pu'lse or tone type If they are
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of the dial pulse type, they are separately timed and

counted in a conventional manner prior to insertion 1in
the data and digit store 204.

A—Call connection

The basic operation of the input-output section 21 may
be Hlustrated by the establishment of a connection be-
tween a calling party in switch unit 1® and a called party
reached through the central office, FIG. 2. When the
calling party originates the call, switch unit 10 observes
the off-hook condition on the calling line and transmits
the line identification and the off-hook condition indica-
tion serially via the data link to the data porticn of the
input-output section 21. This information then 1s re-
tained in the data and digit store 284 until the call proc-
essing section 22 is ready to consider it. When this time
occurs, the information is transfererd in parallel to the
call processing section 22 which in turn locates an idle
digit trunk 287 and receiver 282,

Subsequently, instructions are returned through the
data control portion and, via the data link, to switch unit
18 for connection of a preselected digit trunk to the
calling line in the time interval -assigned to the call. The
digit portion of the input-output section 21 also recelves
appropriate commands from the call processing section
22 so as to permit interconnection of a predetermined
digit trunk 287 and receiver 289 in the assigned time In-
terval.

Following assignment of a digit receiver 209 to a call,
dial tone is applied through the digit trunk 287 to the
calling line. The calling party, upon receiving dial tone,
proceeds to dial or otherwise designate the digits of the
called line. The digit signals pass through the digit
trunk 207 and are received in the assigned digit receiver
209. Such information varies in accordance with the type
of call being placed. Thus on an outgoing call through
the central office, a distinct number of digits will be
transferred to the call processing section Z2. The call
processing section 22 then activates the sender control
211 of the input-output section 21 to outpulse the called
line digits through one of the trunks 213. In this in-
stance the digits have been stored in the input-output
section 21 by action originating in the call processing
section 22, i.e., the calling party is required to dial fewer
digits than are required to complete the connection to
the called line.

If both the calling and called parties had been located
at switch onit 19, the call processing section 22 would
have requested that the data portion of the input-output
section 21 deliver the called line digits through the data
link to the switch unit 10, such digits again being stored
in the input-output section Z1i prior to the transfer com-
mand received from the call processing section 22.

The call thus established will be monitored at switch
unit 1¢ with the control unit 20 kept currently advised
by information transmitted through the data link. It
may be seen, therefore, that the input-output section 21
acts as a buffer between the call processing section 22
and the various remote switch units and telephone cen-
tral offices.

Considering, then, the specific control components of

the input-output section in greater detail, reference 1s
made again to FIG. 2 and to FIGS. 3, 4 and 7.

S5—Data control 203 ( F1G. 4)

The data control 203 is illustrated in more detatl in
FIG. 4. As indicated, this circuit provides a means for
receiving, storing and delivering incoming or outgoing
data. Incoming data is accepted serially from the vari-
ous switch units, stored in the data and digit store 204
and, upon command from the call processing section 22,
delivers the stored information thereto in parallel. Simi-
larly, outgoing data i1s deposited in parallel in the data
and digit store 204 and delivered serially without interim
delay to any of the remote switch units to which the
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10
message is directed. A sequential scan cycle generated
to control these input and output data functions with the
aid of a system clock is used to coordinate the operation
with the call processing section 22, digit control 218, and
sennder control 211.

In normal operation, the trunk and digit receiver scan-
ner 401, F1G. 4, store address counter 407, and address
register 404 are used to scan sequenfially the digit re-
ceivers 209, incoming data trunks 202, and outgoing data
trunks 205 while also allowing for a predetermined num-
ber of interruptions to facilitate processing of commands
from the call processing section 22.

The memory layout of the data and digit store 204 to
accommodate all such information is depicted in FIG. 16.
Thus information obtained from each digit receiver 209
1s placed In an area accommodating the eight words of
control and digit information pertaining to such receiver,
A similar area i1s set aside for each of the » digit re-
ceivers 209. Space is also allocated for the storage of a
data message containing four words referring to a cor-
responding switch unit, which words include an outgoing
data message and an incoming data message. There is
one such data storage area for each switch unit in the
system.

‘In a complete scan of the data and digit store 204
under conirol of the data control 203, messages pertaining
to three digit receivers and all switch units are observed.
It is not practical or necessary to sample all digit receivers
and their corresponding storage areas during each scan-
ning cycle. Thus the digit control 210, upon receiving
instructions from the data control 203, will direct each
scan fo three digit receivers 209 during each scanning
cycle. The corresponding digit receiver storage areas in
the data and digit store 204 are observed simultaneously
with the address of a digit receiver 209, Following ac-
tion involving the digit receivers, the switch unit data
storage areas are observed in sequence during one scan-
ning cycle.

Simultaneously with the observation of outgoing data
messages In a given data area, the corresponding data
trunks 205 are activated. Fach time this occurs, one
binary digit or bit of an outgoing message is transferred
to the corresponding outgoing data trunk 205 and sub-
sequently fransmitted to the desired destination switch
unit. After each bit transmission, the remaining bits in
the message are shifted one posifion in the store 204 by
action of the data confrol 203. Similarly, an incoming
message is received from the incoming data trunk 202 and
stored a bit at a time in the corresponding data area of the
data and digit store 284. Tt is shifted down the allotted
message space as succeeding bits are received. The mem-
ory register 411 receives bits read out of the store 204,
makes them available to other circuits in the confrol unit
20, and subjects them to change, if required, as well as
retaining them for reinsertion in the store 204.

As indicated, the call processing section 22 may com-
mand the interruption of the normal scanning sequence
at any time to withdraw information from the data and
digit store 204 or to insert information therein. The
scan cycle is designed to permit a predetermined num-
ber of such interruptions without affecting the basic scan
period. During such interruptions, the address next to
be utilized in the normal sequence is placed in the tem-
porary store address register 409, and the address regis-
ter 404 1s forced to the address commanded by the call
processing section 22. Upon execution of the command,
the normal scanning routine is resumed from the point
indicated by the address in the temporary store address
register 409, - |

Considering, first, the normal sequential scan routine,
appropriate cross connections between the trunk and digit
receiver scanner 401 and digit receivers 209 are perma-
nently wired such that a designated digit receiver is ac-
tivated simultaneously with the addressing of the corre-
sponding storage area in the data and digit store 204 by
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the address register 404. Thus the trunk and digit re-
~ceiver scanner 401 contains circuitry, as known in the
ant, for directing a particular address to the designated
circuit upon order from the command and transfer logic
443 at the proper time, as determined by the digit con-
trol 2106. However, control is exercised by the command
and transfer logic 463 only during receipt of a command
from the call processing section 22 which interrupts the
normal scanning sequence and permits random access to
the trunks and digit receivers. Directions from the com-
mand and transfer logic 403 are under the control of
timer 410, which is in turn regulated by a clock which
provides distinct operating time intervals to all circuits
in the input-output section 22. Such timing is independ-
ent of that governing the operations of the call processing
- section 22.

Actual stepping through the scan cycle is initiated by
- the store address counter 407, which is a typical binary
-~ counter well known in the art. Output leads from the
various stages of the counter 407 are used to set the
address register 404 and either the temporary store address
register 409 or a temporary register in the digit control
210, the latter settings being implemented only upon in-
terruption of the normal scan by a command from the
call processing section 22.

‘The sender control 211 gains access to the store address
counter 407 through a series of inputs for random address
purposes, while another set of inputs provides the means
for transferring the content of the temporary store ad-
dress register 489 back into the store address counter 497
upon resumption of sequential scanning. |

‘Upon completion of the activity involving a particular
digit receiver 209, the address counter 467 provides the
digit control 210 with a signal to advance to the next
digit receiver address. In the normal scanning pattern,
the address counter 497 is reset at the end of a particular
receiver operation of a trunk operation, unless a com-
mand from the call processing section 22 interrupts the
normal scanning sequence, in which event the counter 407
1s reset from other sources.

The address register 404 comprises a conventional
- flip-flop register which is set to a new address by inputs
from the stored address counter 407 at the outset of a
scanning cycle and subsequently maintains states corre-
sponding to the address counter as the scan cycle con-
tinues. The chief function of the address register 404 is
to address the data and digit store 204 and to keep all
logic circuitry in the data control 203 as well as digit
control 210 and sender control 211 advised as to the cur-
rent address. The internal circuitry of the data control
203 which i1s driven by the current status of the address
register 404 includes the trunk and digit receiver scanner
401, the switch unit address comparator 412, the scan
interruption counter 406, the timer 410, and the address
counter 4407. |
- The scan interruption counter 466 comprises logic cir-
cuitry including conventional binary counting circuitry
arranged to count the number of interruptions of the nor-
mal scanning cycle by commands received from the call
processing section 22. If, upon completion of a scanning
cycle, less than a predetermined number of commands
have been received as recorded in the scan interruption
counter 406, the Iatter will add a sufficient number of in-
tervals to total the predetermined number of possible
command interruptions before activating circuitry which
will reset the address counter 407 and the digit control
210 preparatory to the next scanning cycle. Also the scan
mmterruption counter 406 keeps the call processing section
22 currently advised as to the number of command inter-
ruptions available in the predetemined allotment for the
scanning cycle in progress. If the allotment is used up
prior to termination of the current scanning cycle, the
scan interruptions counter 406 will activate .inhibit leads
to prevent the call processing section 22 from initiating
commands which could not be completely executed in
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the current scanning cycle. The scan interruption counter
436 also alerts the temporary store address register 409 as
to the need for inhibiting receipt of additional commands
in the event that the call processing section 22 ignores
the inhibit command signals received directly from the
scan interruption counter 496.

The call processing section 22 initiates four different
commands of interest in connection with the functions of
the data control 203. The start sector scan command will
mterrupt the normal sequential scan of the data and digit
store 204 to determine if a complete incoming message
is ready for delivery to the call processing section 22 and
also to determine if the outgeing data trunk 295 to a par-
ticular switch unit is available to transmit a new message.
This information is obtained by an interruption of the
sequential scan to address one outgoing data message
word and the incoming data message in the store area
allotted to the particular switch unit under consideration.
The appropriate address for this command is inserted in
the address register 484, while the next address in the
sequential scan is placed in the temporary store address
register 409. An all zero condition in the outgoing data
message will indicate that the outgoing data trunk 295 has
completed transmission of the previous message and is
now available to handle the new message. This is guaran-
teed by the fact that the last bit of a message to be trans-
mitted is a control bit which is always a one. In similar
fashion, interrogation of the incoming data message area
for the status of a particular control bit will indicate to
the call processing section 22 the current availability of a
complete incoming message to be acted upon. During
the same operation, information is available indicating
the parity of the messages being observed, which is made
avallable on incoming messages to the call processing
section 22 and which is added to outgoing messages for
subsequent action by the switch unit receiving the mes-
sage, | |

A second command which serves to request a data trunk
will be repeated in successive scans of this particular stor-
age area 1f a busy outgoing trunk is encountered.

The third command serves to insert a new message in
an 1dle outgoing data trunk 205. Thus when the previous
command Indicates that an outgoing trunk has become
idle, the current command will load the outgoing data
message areas of a designated switch unit data storage
area in successive scans of the data and digit store 204.

The final command serves to address a digit receiver
storage area in the data and digit store 204 as one step in
the process of outpulsing digit information to a central
office or over a tie trunk to another PBX under direction
of the sender control 211. | -

All of these commands share common logic circuitry
in the data control 203, principally in the temporary store
address register 409 and the command and transfer logic
403. Thus the common operations required for all such
commands are the interruption of the sequential scan and
the temporary registration of the address from which to
resume scanning in the temporary store address regis-
ter 409, |

On commands to load an outgoing data trunk 205,
serial readout of an outgoing message immediately fol-
lowing completion of its transfer from the call processing
section 22 to the data and digit store 204 must be delayed
for one scanning cycle if the content of the temporary
store address register 469 is the same as that included in
the received command. For this purpose, the switch unit
address comparator 412 is provided so as to assure detec-
tron of the condition and to arrange for the appropriate
delay by activating the outgoing message logic 413. |

The memory register 411 acts as a buffer between the
assoclated data and digit store 24 and the logic circiits
which furnish the data to be stored therein, or which act
upon the data already stored therein. The memory regis-
ter 411 comprises conventional flip-flop circuits and as-
sociated AND and OR gates to facilitate destructive or




3,268,660

3 .

nondestructive readout, as desired. It also performs a
counting function together with the adder circuit 468 1n
updating the data control 203 or sender control 211, as
required. Certain. of the additional logic circuitry ancil-
lary to the main functions of the memory register 411
performs parity checking operations on incoming mes-
sages and generates parity information to be included in
outgoing messages.

Incoming data may be received from any one of the
incoming data trunks 202 associated with corresponding
switch units in the system. The data from each of the in-
coming trunks 202 is directed in sequence to the memory
register 411. The particular data bits are applied to the
parity check logic circuitry associated with the memory
register 411, and after suitable checking, are entered in
the memory register itself.,

Advance from one register stage to the next is deter-
mined by the status of a control lead, common to all of
the incoming data trunks 202, contained in the command
and transfer logic 403. The data shifting process will be
inhibited only if data is absent or if a particular digit is
sampled more than once due to differences in sampling
rate. When the message is complete and has been appro-
priately stored in the data and digit store 204, the com-
mand and transfer logic 403 is activated by the next re-
quest from the call processing section 22 for a new mes-
sage from the corresponding switch unit to gate the new
message from the data and digit store 284 in parallel to
the call processing section 22 and to subsequently clear
the store.

Outgoing messages are first wriften in the store 264 in
parallel in the oppopriate storage areas under control of
the call processing section 22 and the outgoing message
oating circuit 405. The instant embodiment contains
duplicate data and digit stores and duplicate program con-
trol circuits in the call processing section 22, and the out-
going message gating circuit 405 provides complete fiexi-
bility for storage of messages in either store 204 via the
appropriate memory register 411 under control of either
program control. Selection of the duplicate data and
digit store also causes activation of the store readout con-
trol 402 to inhibit readout of the store 2044.

Serial readout of the outgoing data message commences
upon the next enablement of the appropriate outgoing
data trunk 205 during the sequential scan under control of
the outgoing message logic 413, which activates leads to
all of the outgoing data trunks 285 whenever the bit to be
transmitted is a one. At the end of a scanning cycle, the
scan interruption counter 406 acts to set a flip-flop in all
of those trunks partially enabled by the outgoing message
logic 413 so as to transmit a one. Subsequently, the scan
interruption counter 406 resets all of the trunks simul-
taneously before the next scan cycle is initiated.

The process is initiated when the first word of the out-
going data message in the corresponding switch unit stor-
age area of the data and digit store 204 contains informa-
tion ready for transmission to the appropriate switch unit.
When this first word is read out of the data and digit
store 204 by the outgoing message logic 413, the ready
condition is recognized as a distinct condition in two
staces of the memory register 411 which receives the word
from the data and digit store 204. If there is no com-
mand currently in progress and the appropriate conditions
are indicated by the memory register 411, the outgoing
message logic 413 re-enters the content of the memory
register 411 in the area of the data and digit store 284
from which it was withdrawn. It also prepares the out-
going data trunk 205 for transmission of the first binary
digit or bit of the instant message, updates parity in the
memory register 411 and sets the command and transier
logic 463 so as to inhibit the shift of data in the store 204.
__fxcept during command intervals, conditions in the out-
going message logic 413 are now such as to permit the
transmission of the first bit of the stored outgoing data
message as well as succeeding bifs In the message during
:subsequent scanning cycles. As bits are transferred
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14 .
through the outgoing message logic 413 to the outgoing
data trunk 205, the remaining bits in the first word of the
outgoing data message stored in the switch unit data stor-
age area are shifted one position each fime the memory
register 411 reinserts the previously withdrawn bit in the
data and digit store 204.

The command and transfer logic 403 1s set in such a
fashion, however, that the bits in the second and third
words of the outgoing data message are not shifted until
the transfer operation reaches their respective word posi-
tions and begins removing bits therefrom. Eventually,
all of the data bits of the first word are shifted out of the
data and digit store 204, and the content of the memory
register 411 will be observed by the outgoing message
logic 413, which in turn permits transmission of a bit to
the data trunk, updating of parity and, at the proper time,
permits the command and transfer logic 403 to shift the
bits in the second word of the outgoing data message for
transmission to the appropriate switch unit.

In the next scan, the bits of the first word which have
now been transmitted are erased from the store by action
of the outgoing message logic 413 via a path through the
command and transfer logic 403. A similar pattern is fol-
lowed for the transfer of bits in the second and third word
of the outgoing data message. Each time during the proc-
ess of retrieving the three words of the stored outgoing
data message that a word is scanned and found to contain
all zeros, indicative of a completed transfer, the call proc-
essing section 22 is appropriately notified through the out-
going message logic 413,

6—Digit control 210 (FIG. 3)

The digit control circuit 210, FIG. 3, is designed to
store the digits identifying a called line, as provided by
a calling line in one of the swiich units 10-n, either by
the conventional rotary dial operation or multifrequency
pulsing. These digits are transmitted from the subsets
via the associated switch unit to a corresponding digit
trunk 287 and digit receiver 209 in the input-output sec-
tion 21. Upon receipt of an appropriate command, the
digit control 210 transfers the reecived digits to the call
processing section 22 for analysis. It also cooperates with
the sender control 211 to outpulse digits over trunks 213
to a central office or to other PBX’s. The digit control
21§ utilizes a portion of the storage area in the data and
digit store 204, as indicated 1n FI1G. 16.

In this embodiment, eight words in the data and digit
store 204 are assigned to each digit receiver 209 con-
nected to the digit control 218. Four of these eight words
are used for supervisory control information. The re-
maining four words are used to store the digiis received
from the associated one of the digit receivers 20%. FIG.
16 indicates the storage pattern.

Briefly, system operations leading to the point at which
the digit control 219 becomes involved are as follows:
The calling line registers the of

off-hook condition which
the scanner at the switching unit detects and indicates to
the control unit Z26. The data control 203, upon request,
transfers this off-hook message to the call processing sec-
tion 22 which subsequently finds an idle digit receiver 249
and an idie dieit trunk 207. The digit receiver connec-
tor 288 is alerted as to the trunk and receiver assignment
and proceeds to connect the calling line to the assigned
digit trunk on a time division basis. The calling line
now transmits the digits designating the calied line to the
assigned digit receiver 209 through the assigned digit
trunk 207 under control of the digit receiver connector
208.

The digit receivers 209 are sampled in a predetermmed
manner during a scanning cycle, as discussed in connec-
tion with the data control 263, such sampling being under
control of the store address counter 407, FIG. 4. The ap-
propriate words in the store 204 assigned to this digit
receiver 209 are addressed simultaneously with the con-
nection to the corresponding digit receiver 209. At this

time the digit receiver 209 provides a suitable tone signal
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through the digit trunk 207 to advise the calling party that
he may begin transmission of the digits identifying the
called line. This tone signal also registers a busy condi-
tion in the associated storage area of the data and digit
store 204. From that time until the first digit is received,
the digit control 210 counts time for the purpose of per-
forming time-out to clear the system in the event that the
digits are not received within an appropriate interval.

The digit control 210 also recognizes and distinguishes
between dialed digits and multifrequency pulses, performs
distinct operations of each type of received digit informa-
tion, and stores the digits in the assigned area of the data
and digit store 204.

Several types of calls may be initiated, and the digit
control 210 must distinguish between them, based upon
the first digit received, and take appropriate action. For
intra-PBX calls, three digits are transferred to the call
processing section 22. On inter-PBX calls, two digits are
so transferred, and on calls from a switch unit through a
central office, only a single digit is transferred to the
call processing section 22. In all cases, the digit control
210 performs a pretranslation function on the first digit
to determine the number of digits it must receive before
performing the transfer to the program control 220.

Again, on intra-PBX calls, the digit control 210 com-
pletes its function upon transfer of the called line digits
from the data and digit store 204 to the call processing sec-
tion 22 and clearing of the appropriate storage area in
the data and digit store 284.

For the other types of calls, the transfer to the call
processing section 22 is effected prior to receipt of all of
the digits. Thus the storage area is not cleared at this
time. Such clearing is performed subsequently by action
of the sender control 211 upon completion of the outpuls-
ing of digits to the central office of other PBX. It is at
this time that the storage area containing the called line
designation is cleared and the call processing section 22
informed that it may now release the digit trunk 287
and digit receiver 269. The clearing operation is per-
formed by inhibiting the rewriting overation in the de-
structive readout type store 204 after the message has
been transferred.

~During each scanning cycle, the storage areas corre-
sponding to three digit receivers are observed. During
each such observation, seven of the eight words stored
in the digit receiver area, FIG. 16, are read out under
control of the store address counter 467 in the data con-
trol 203. The first four words, containing supervisory
control information, are observed in sequence. If a called
line digit is being received, the corresponding digit storage
area is then observed. If such is not the case, the store
204 will be addressed instead to the first word in the same
digit receiver storage area, and no action will be taken.
If the sender control 211 has been called into operation
by the call processing section 22, the store 204 may be
~ addressed to one of the four digit words at this time.
However, during the seventh word address time, the store
204 1s always addressed to the third word in the digit re-
celver storage area, so that the sender control 211 may
update its appropriate supervisory information. The vari-
ous timing operations associated with this scannine routine
are performed by the timing circuit 361 in conjunction
with the system clock. |
- The individual component blocks in the digit control

210, as illustrated in FIG. 3, comprise logic circuitry well
known in the art, such as AND and OR gates and flip-
flop registers and counters.

a—Components

The temporary receiver register 312 constitutes a series
of flip-flop register stages for storing the address of the
next digit receiver 209 to be sampled while the data trunks
207 are being scanned. The address of this digit receiver
209 1s gated from the store address counter 497 in the
data control 203 to the register 312. When the next
sean cycle is initiated, with observation of the next group
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of three digit receivers, a stop pulse is transmitted to the
digit control 210 by the data control 203. Simultaneously,
the digit receiver address contained in the register 312
is gated to the address register 484 in the data control
203. Thus the temporary receiver register 312 is utilized
as a buffer during the sequential scanning of all digit
recetvers 289 in groups of three in each scan cycle. |

When the last digit receiver 202 has been scanned, the
scanning routine returns to the first digit receiver and
begins the scanning routine anew by providing the ad-
dress of the first digit receiver to be scanned to the tem-
porary receiver register 312. This address is placed in
register 312 upon recognition of the last group of three
digit receivers in the previous scan cycle. During the
next digit control time, this address is utilized to inhibit
input gates which normally transmit the di git receiver ad-
dress from the store address counter 497 to the temporary
receiver register 312. It is necessary to inhibit this ad-
dress in order to insert the desired first digit receiver ad-
dress to be sampled in the next scan cycle.

It is possible to interrupt the scan of any digit receiver
269 by means of an interruption command from the call
processing section 22. When such a command is received
in the input-output section 21, a command in progress
signal is provided to the timing circuit 301, FIG. 3, by
the data control 203, thus stopping the current scan cycle.
The data control 263 may then be interrupted to inter-
rogate the various data trunks, et cetera. When the com-
mand has been executed, the digit control 218 is reacti-
vated. A command executed signal is transmitted to the
timing circuit 391 for this purpose. | |

The memory register access circuit 302 places a digit
in the data and digit store 204 via the memory register
set and reset circuit 303 and the memory register 411
in data control 203.

For many applications it is necessary to reset certain
The memory register set and
reset circuit 393 is used for this purpose. It serves as a
common point for all the resets of the various positions
in the memory register 411 of the data control 203. It
also provides for common inputs to the set sides of these
various memory register positions.

The digit completed register enable circuit 304 is used
to steer the previously stored digits from the store 204
to the digit completed register 318. One of a plurality of
enable leads in the digit completed register enable cir-
cm:t 384 will be active, dependent upon the type of call
being initiated and the code established in the control
register 308 concerning the message status. |

The digit receiver 209 provides the digit contro]l 216
witl_1 a combination of possible frequencies each time that
a digit is present. These Irequencies serve as inputs to the
tl:anslator 305 which then converts them into a 4 digit
binary code in a manner well known in the art. Another
fun_cti-oy of the translator 305 is the detection by suitable
logic circuitry of the receipt of a muliiffrequency digit.
The outputs of the transiator 365 are directed to the
memory register access circuit 302 for subseguent trans-
fer to the memory register 411 of the data contro] 203.

The receiver status circunit 306 comprises a flip-flop
which is set by the call processing section 22 whenever
heavy traffic conditions occur. The outputs of this flip-
flop are utilized to provide either 2 long or short time-out
of the dial tone for an interdigital interval. -

The receiver number comparator 397 serves to com-
pare the digit receiver number provided by the call proc-
essing section 22 with the number of the digit receiver

‘282 which may be contained in the receiver number regis-

ter 314. For this purpose the enable circnit 304 activates
the receiver number register 314 to transmit its content
to the receiver number comparator 307 and, if a valid
comparison is indicated by comparator 397, 1t will in turn
activate the digit completed logic 315. |

The control register 3¢8 provides a temporary memory
for both the digit control 210 and the sender control
211. The flip-flop registers contained therein arc set when



3,268,689

17

the appropriate words are read from the data and digit

store 204 by the data control 203 and remain set until
a predetermined point in the scan of each digit receiver.

The digit control logic 309 comprises suitable logic

circuitry as known in the art for maintaining a record of
all calls being processed and updating this record as re-
quired. It handles both the rotary dial and multifrequency
type of calls.
- As indicated hereinbefore, the digit completed register
316 receives the completely registered digits from the
data and digit store 204. It receives its inputs from the
reset sides of the memory register 411 in the data con-
trol 203 when activated by the digit completed register
enable circuit 304. TIts outputs in turn are directed to the
call processing section 22.

The digit completed logic 315 facilitates the transfer
of the digits as stored in the digit completed register 316
to the call processing section 22. This is accomplished
upon receipt of a command and subsequent to the com-
parison performed in the receiver number comparator 347
between the receiver number as contained in the receiver
number register 314 and the number being provided with
the command.

The steering circuit 311, as its name indicates, acts
under control of the incoming digit position count con-
tained 1n the first word of the digit receiver storage area
to steer the mmcoming digits into their appropriate posi-
tions in the digit words.

The outputs of the memory register access circuit 302
serve as inputs to the digit decoder 313, which pretrans-
lates the first received digit to determine the type of call
being processed. The outputs from the digit decoder 313
are directed to the digit control logic 309 to establish the
message status as recorded in the first word of the cor-
responding digit receiver storage area in the data and
digit store 204.

When a number is placed in the digit completed regis-
ter 310, its address is placed simultaneously in the receiver
number register 314 by the address register 484 in the
data confrol 263. It also serves to inform the balance of
the digit control 21§ that no new digits can be received
until the currently stored digits are removed from the
data and digit store 204 and the storage areca made idle.

b—Digit control operation

When dial tone is provided by a digit receiver 209, it
appears iIn the digit control logic 309, together with
a signal from the timing circuit 3¢1 when the data and
digit store 204 is being addressed to the first word of
the corresponding digit receiver storage area. The logic
309 would normally generate an inhibit-write signal at
this time because the idle condition is recorded in the
aforesaid first word. This condition is indicated by an
mmput to the logic 389 from the i1dle indication stored in
the control register 3¢8.

In the next time interval, the content of the first word
is read into the control register 308. At this time, the
digit control logic 309 provides an output to the memory
register set and reset circuit 303 which serves to set a
distinct stage 1n the memory register 411 which will per-
mit the idle indication to be removed the next time this
digit receiver storage area 18 sampled. No further action
involving the digit control 210 is undertaken in the cur-
rent scanning cycle.

In the next scanning cycle, should dial tone still be
cenerated by the digit receiver, the idle condition would
now be absent. Thus when the second word in the cor-
responding digit receiver storage area is being read, the
digit control logic 309 enables a counter included in
the memory register 411 of the data control 203 through
the adder circuit 408. This i1s for the purpose of provid-
ing a time-out count on dial tone for this particular
digit receiver. Therefore, each time this digit receiver
is sampled and dial tone is still present, a count of one
will be added to the second word of the corresponding
digit receiver storage area in the data and digit store 204,
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"Subsequently, one of three possible conditions might
occur: The first condition is a reset signal from the digit
receiver, indicating that the calling line is no longer
active, This reset signal would appear in the digit control
logic 389 and would direct the clearing of the corre-
sponding digit receiver storage area through the com-
mand and transfer logic 403 of the data control 263. |

The second condifion which might occur would be a
If the first digit is not received within a pre-
determined time interval, a time-out flip-flop in the con-
trol register 308 will be set; whereupon, two situations
may prevail, dependent upon the busy-idle status of the
digits completed register 31¢. TFirst, if the register 319
is busy, the digit control logic 369 will instruct the in-
stant digit receiver to mark time unfil the register 310
become idle. Second, when the register 319 does be-
come idle, the logic 309 will reset the idle indication in
the first word of the corresponding digit receiver storage
area. The logic 309 will also set the digit completed
register enable circuit 384 to allow the content of the
address register 404 in the data control 293, containing
the number of the digit receiver being sampled, to be
transferred to the receiver number register 314, At the
same time, the digit completed register 310 will generate
an indication of this condition in response to an input
from the digit control logic 399,

The third condition which might occur 1s recmpt of
the first digit prior to a time-out or a reset. In this sit-
uation, the digit receiver 209 will activate the digit con-
trol logic 309 when the first word in the corresponding
digit receiver storage area is being addressed. Also the
logic 389 will receive an indication from the control
register 308 that no prior digit has been received on this
call. In addition, the translator 395 provides a signal in-
dicating that the digits being received are of the multi-
frequency type. |

An output from logic 389 resulting from these mput
conditions will set the control register 308 to indicate
that the calling line i1s supplying multifrequency digits,
so that the digit currently being received may be placed
immediately in its assigned position in the store 204
through the memory register set and reset circuit 303,
Thus the output from control register 388 sets the ap-
propriate indications of multifrequency and busy con-
ditions in the first word of the corresponding digit re-
ceiver storage area. The control register 308 also sends
this output indication through the adder 408 of the digit
control 263 to advance the counter section contained in
the first word of the corresponding digit receiver storage
area, The setting of the multifrequency and busy in-
dications prevents double sampling of the same digit dur-
ing the next scan of the corresponding digit receiver.

The digit decoder 313 also provides inputs to the logic
389, serving to enable specific gates therein as deter-
mined by the first digit indicating a 1, 2 or 3 digit mes-
sage. If a 1 digit type message is being received, the
timing circuit 301 and the control register 308 will ac-
tfivate the logic 309 during the addressing of the second
word 1n the digit receiver storage area to provide an out-
put which resets the digits of the second word, thus
clearing the dial tone time-out count. Also during the
scan of the second word and during the receipt of the first
digit, the logic 309 is enabled by the all zero count
status of a counter in the control register 3¢8. If the first
digit 1s an 8 or a 9, the digit decoder 313 activates the
logic 309 at the appropriate time, determined by the
timing circuit 301, to set the class of information indi-
cation in the sec-ond word of the digit receiver storage
area. No action takes place while the third word in the
storage area 1s addressed. During action on the fourth
word, however, the logic 309 1s activated by the timing
circuit 301 and the translator 305 to set the address of
the first digit word of the eight word digit receiver stor-
age area in the address register 494. While this first digit
word is being addressed, the incoming digit is placed in
the first four positions of this word, since each digit
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word 1s arranged to accommodate four digits, each requir-
ing four storage positions. o
Gates in the logic 309 receive the digit in coded form

and arrange for its placement in the four distinct posi-

tions allotted to this particular digit. The outputs of these
gates are applied to the digits completed register enable
circuit 3¢4, which in turn is enabled by the zero condition
of the incoming digit position counter in the first word
of the digit receiver storage arca to reset the particular
stages of the memory register set and reset circuit 303
corresponding to the four positions allotted to the received
digit in the first digit word. 1In this fashion the four
- positions assigned to the received digit in the first digit
word are reset prior to placing the new digit in the data
and digit store 284. The output of the digits completed
register enable circuit 384 thereupon enables the memory
register access circuit 302 to permit the output of the
translator 305, representing the received first digit, to be
stored in the proper area of the store 204 via the memory
register 411. |

During the time that the first word in the digit receiver
storage area was addressed and the translator 385 was
enabled, the indication that the first digit was ready for
transfer to the digits completed register 310 was set in
‘the control register 388. Thus on a subsequent scan of
~ this digit receiver storage area, the logic 309 is activated
sO as to reset the transfer indication in the first word of
the digit receiver storage area. During address of the
- second word, the logic 309 generates an inhibit-write
signal to the first word, directing it to erase this digit
receiver storage area, provided that the first digit repre-
senting a 1 digit type call, viz., not an & or a 9, was
received. The digit receiver also is made idle.

During the time that the fourth word is being read,
the logic 309 is activated to step the store address counter
407 to the fifth word assigned to this digit receiver. The
 digit completed register enable circuit 304 is activated
and its output enables the receiver number register 314
- to receive the address of the digit receiver from the store
address counter 4¢7.  Enable circuit 304, in concert with
control register 398, also provides an enabling signal to
the digit completed register 310, permitting it to receive
the contents of the memory register 411 representing the
first digit designating the called line. Subsequently, this
information is transferred from the digit completed reg-
ister 318 to the call processing section 22 on receipt of
an appropriate command.

- During the time that the fifth word, allocated to storage
- of the first four digits designating the called line, would
be addressed, the first word of the digit receiver storage
area is read instead, inasmuch as the sender control 211
was not called into operation. At this time, the output
of the digit control logic 3¢9 provides an inhibit-write
- signal to the store 204. If the first digit had been other
than a 9, the storage area would be cleared in this fashion.
- However, if the first digit was a 9, the storage area would
be cleared subsequently either because of a time-out on
an extended interdigital interval or by the sender control
211 being called into operation on this type of call.

A call from one switch unit via a tie trunk to another
switch unit is designated a 2-digit type call, designating
the number of digits transferred to the program control
220 by the digit control 218. As in the case of a 1-digit
type call, the digit control 210 performs a pretranslation
function on the first digit to determine the number of
- remaining digits to be received prior to the transfer to
the program control 229. The 2-digit type multifrequency
message thus is handled in the manner described for the
1-digit type except that during the time the first word is
being addressed, the digit control Jogic 389 sets one of
the two message identification positions to identify the call
‘as the 2-digit type. Following this, the first of the two
digits received will be placed in the first digit storage posi-
tion of the fifth word in the digit receiver storage area.
No transfer to the digit completed register 319 will be
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made when the start signal from the digit receiver is
removed, indicating completion of the digit transmission.
The logic 369 resets the make and break indication areas
in the first word via the memory register reset 363, such
activity only being recorded for dialed digits. Thereafter,

each time the second word is addressed, the logic 399
serves to add one to the counter portion of the memory
register 411 for purposes of timing on interdigital intervals. -_

When the second digit is received, the logic 309, to-
gether with the control register 398, acts to set the transfer
indication in the first word of the digit receiver storage
area. Also during the time that the second word is
addressed, the timing indication on the interdigital inter-
val 1s reset. Again during the fourth word address, the
logic 309 sets the store address counter 407 to the address
of the fifth word, during which address the logic 34%
activates the digits completed register enable circuit 304.
Because the incoming digit position count indication is
at 1, the enable circuit 304 resets the appropriate digit
storage positions of the fifth word through the memory
register access circuit 302, thus placing the second digit
as received from the translator 365 in the appropriate
positions of the fifth word. | |

Since the transfer indication is now set, the routine
described for transferring the message received on a
1-digit type call to the digit completed register 310 is
repeated. However, since the 2-digit type call indication
1s also set, the enable circuit 304 sets the digit completed
register 310 to receive the first two digits now contained
in the fifth word of the digit receiver storage area. If
the first digit was not 8, the digit receiver storage area
would be cleared at this time, as described in regard
to the 1-digit type call. However, if the first digit was
an 8, the area will remain busy pending receipt of a time-
out during an extended interdigital interval or a signal
irom the sender control 211 upon completion of the out-
pulsing operation. |

When the first digit of a 3-digit type call is received,
the logic 349 will set the type of call indications in the -
first word of the corresponding digit receiver storage area
s0 as to reflect this condition. The first two di gits are
received in like manner to that described for 1 and 2 digit
type calls. Upon receipt of the third digit, the logic
309 sets the transfer indication in the memory register
411 for subsequent storage in the first word of the digit
receiver storage area. The third digit is then placed in
the appropriate position in the fifth word of the digit
receiver storage area. The three digits are now ready
for transfer to the digit completed register 310. There-
fore, when the digit completed register 318 becomes idle
and the start signal is received from the digit receiver,
indicating completion of digit transmission, enable cir-
cuit 304 activates the register 31@ so as to receive the
three digits from the store 204,

It the first digit is a 9, it is necessary to transfer the
second, third and fourth digits to the program control
220 upon receipt of the fourth digit. This transfer is also
performed via the digit completed register 318. Thus
while the fourth digit is being received, the conirol reg-
ister 368 sets the toll diversion transfer indication in
the second word of the digit receiver storage area via
the memory register set circuit 3¢3 and the mMemory reg-
ister 443. Thereafter, when the digit completed register
310 1s available, the digit control 21¢ will recognize the
presence of the toll diversion transfer indication in the
digit receciver storage area and will act during the ad-
dress of the fifth word to transfer the four digits con-
tained therein to the register 310. | |

As previously indicated, a particular output of the
translator 365 represents a digit of the rotary dial type,
the dial tone routine on a rotary dial type call being iden-
tical to that described for the multifrequency type call.
Therefore, distinctions are evident only upon receipt
of the start signal from the digit recejver following dial
tone. In this instance the digit decoder 313 Informs
the logic 309 that the first pulse received is of the rotary
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dial type, permitting it to set the break indication in the
first word of the corresponding digit receiver storage area
via the memory register set and reset 383, It also resets
the interdigital interval indication in the first word. Posi-
tions in the first word area allocated for the storage of
the dial pulse count for the digit currently being received.
Thus the logic 309 enables the adder 408 in the data
control 203 to update this count upon the receipt of each
pulse.

Since the interval between successive scans of the same
digit receiver 18 much shorter than the make or break in-
terval for a dial pulse, it is necessary that the digit re-
ceiver be ignored on successive scans subsequent fo reg-
istration of a particular make or break indication until
a change of state is indicated by the presence or absence
of the start signal. When the start signal changes, indi-
cating the presence of a make interval, the logic 309 re-
sets the break indication and sets the make indication in
the first word via the memory register set and reset 303.
Then, during address of the second word, a timing op-
eration is initiated for recognition of an interdigital in-
terval or of a time-out condition, should the dialing op-
eration not be completed. For this purpose the logic 309
enables the counter in the memory register 411 {o begin
timing this interdigital interval. Should the start signal
change again, prior to a predetermined count represent-
ing the interdigital interval, the logic 309 acts to set the
break indication, reset the make indication, and update
the dialed digit count indication to record the receipt
of a second dial pulse. ‘This operation continues so long
as time-out or an interdigital interval does not occur prior
to a change in the starting signal. In this fashion a digit
1s recorded 1n the dial digit count section of the first
word of this digit receiver storage area.

When the interdigital interval is indicated, the receiver
status circuit 306 serves as a temporary memory to store
this indication until the fifth word of this digit receiver
storage area is addressed. Then, during the fifth word
address time, the first word 1s interrogated and the inter-
digital interval indication is set. Thus on a subsequent
scan, when this indication in the first word is recognized,
the logic 309 updates the incoming digit position count
contained in the first word via the adder 408 in the data
control 203. Subsequently, the content of the dial digit
count section is gated from the control register 308 to
the digit decoder 313 where the count is decoded to deter-
mine the number of digits which can be expected, as
well as the type of call being placed. The remaining
digits are processed in a manner similar to that described
for multifrequency type calls.

Transfer of the content of the digit completed register
310 to the program control 228 occurs upon receipt of
an appropriate command from the call processing section
22, together with the address of the particular digit re-
celver, as contained in the receiver number register 314,
Comparison circuit 297 compares the address in the re-
ceiver number register 314 with that provided by the
program control 220 or its duplicate, as determined by
the maintenance center 224. A signal indicating a match
1s provided to the temporary receiver register 312 and to
the digit completed logic 315 which serves as a memory
for later clearing of the digit completed register 310 and
the receiver number register 314 upon receipt of the trans-
fer command.

Should the digit completed register 310 contain a
message but no command for transfer to the call proc-
essing section 22 is forthcoming, the register is cleared
after a predetermined length of fime by another com-
mand transmitted through the digit completed logic 315
after completion of the scanning routine in the call proc-
essing section 22, 'The output of the digit completed logic
315 resets registers 310 and 314, as accomplished by the
earlier command, for transfer of a message.
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7—Sender control 211 (FIG. 7)

When a call requires outdialing, i.e., the called party
is not associated with the same switch unit as the cali-
ing party and must be reached via a trunk to the central
office or a tie trunk to another PBX, the center control
211 is activated. It receives and registers commands
from the call processing. section of the control unit 20
concerning the switch unit and trunk circuit to be served
and also the particular digit receiver 209 processing the
digits designating the called line. Thereafter, 1t inserts
such new information into areas of the data and digit
store 204 allocated for this purpose and corresponding
to the particular digit receiver 209 involved. Subsequently,
the sender control 211 utilizes the stored information
to construct pulses to be transmitted through one of the
trunks 213, to determine by translation of the first few
digits of the outgoing number precisely how many digits
are to be outpulsed, and to terminate the outpulsing op-
eration.

The trunks 213 are of a conventional type with the
exception that control is provided at an intermediate
point in the trunk rather than at its transmission fer-
minals. Such control permits outpulsing from the con-
trol unit 20 which may be isolated from the location of
either of the calling or called parties and thereby per-
mits calling parties at the switch unit 18 to dial a called
line remote from the switch unit 10 without requiring
the services of the attendant. |

The trunk connector 212 is the connecting link be-
tween the trunk circuits 213 and the sender conirol 211.
It comprises conventional franslating circuitry arranged
to translate an address provided by the call processing
section or the sender control 211 into a code suitable for
location and seizure or release of a particular one of the
trunk circuits 213. A suitable timing circuit operating
in conjunction with the system clock and a distribution
circuit are also provided, the latter circuit containing
conventional logic elements. |

As in other control circuits of the input-output section
21, the sender control 211 comprises conventional] AND
or OR logic circuits, fiip-flops, shift registers and counters
operating in appropriate time intervals determined by the
system clock.

Pursuant to the placement of a call fo a party oufside
the switch unit 10, the calling party will designate this
destination as the first digit of the called line code. Upon
receive of this digit by the control unit 2¢ and ifs sub-
sequent processing, the call processing section 22 will
alert the sender control 211 that the incoming digits will
require outpulsing. As indicated previously, on nor-
mal connections appropriate designations of the calling
and called lines will be stored in the data and digit store
204, and subsequently such data is retrieved from the
store and outpulsed by transmitting operate and release
information to the trunk connector 232, which then pro-
ceeds to operate and release a relay in the assigned trunk
circuit 213 1n a corresponding pafttern.

In certain instances the calling party need only dial
a predetermined number of digits less than the full di-
rectory number of the called party. In such compressed
dialing instances, the additional digits required to fully
define the called line are supplied by the call processing
section 22. Thus the sender control 211 will receive the
same amount of information concerning the called line
except that an appropriate status indication is also pro-
vided. Upon receipt of such an indication, the sender
control 211 will interrupt the normal scan of the data
and digit store 204 in order to address the specific area
concerned with the compressed dialing call, at which
time the call processing section is permitted to store the
additional information therein. Outpulsing then proceeds
In the normal manner. |

The sender control 211 is arranged so as to recog-
nize the last digit to be outpulsed, whereupon outpulsing
1s terminated. This is accomplished for calls other than
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the compressed dialing type by observation of the digit
~ prefix designating the called line which is stored in the
sender control 211 for this purpose. An indication of
~ this prefix digit is given to the digit control 216 after
outpulsing the last digit, thereby causing the assigned
area of the data and digit store 284 to be cleared and
appropriate information to be transferred to the call
processing section. For compressed dialing calls, the in-
formation provided by the call processing section 22 is
used to recognize the last digit to be outpulsed rather
- than the aforementioned digit prefix.

- The sender control register 762 indicates a busy condi-
tion when it is prepared to receive information from the
~call processing section 22. It receives an indication from
the maintenance center 224 in accordance with the par-
ticular program control 220 currently in use. The switch

unit number, dial trunk number, status indication and

digit receiver address, as provided by the selected pro-
gram conirol 228, are then delivered to the sender control
register 702. The register 702 is cleared after the infor-
- mation stored in it is used by the balance of the sender
control 211, |

On a routine call, the sender control 211 recognizes
when the correct digit receiver storage area is being ad-
dressed and then loads into that area the switch unit num-
ber and dial trunk number as contained in the sender con-
trol register 702. When the digit receiver number stored
in the register 762 agrees with the storage area in the data
and digit store 204 being addressed, as determined from
the address register 404 of the data control 203, and if the
- register 702 indicates this to be a routine call, the address
comparator 7¢1 1s satisfied. Thereafter, when the fourth
word of the digit receiver storage area is being addressed,
the switch unit and trunk number contained in the register
702 are gated through the comparator 701 and memory
access gate 705 into the memory register 411 where they
are held until the register 702 is reset. They are then
written into the store 204. 1t is possible for an interrup-
tion to occur when the comparator 7€1 is set. Such an
interruption would cause the store 204 to address a data
- storage area; whereupen, a switch unit and trunk number
would be loaded into such area and the sender control
register 702 and comparator 781 reset.

On a compressed dialing call, a command 228 to load
the outgoing digits in the sender will interrupt the data
store scan cycle and cause the sender control 211 to ad-
dress the digit reciever storage area corresponding to the
digit address in the register 702. The words in the digit
receiver storage area are then addressed in a predeter-
mined sequence to satisfy the command instructions.

The miscellaneous logic 783 performs several func-
tions; for example, it indicates to the sender control 211
when the fourth word in the digit receiver storage area
1s being addressed. Also it assures that the outpulsing
ready indication in the third word is set before the sender
outpulses any digits. It also resets the sender control
register 702 in the fourth word when the comparator 701
1s set after the information in the register 782 has been
used.

The memory access gates 705 serve to set information
into the memory register 411 of the data control 203 and
to reset the register 411 by way of the digit control 210,
as required.

The digit position comparator 706 compares the incom-
ing digit position and outgoing digit position when con-
tained in the control register 308, a match indicating that
all digits which were previously registered in the data
store 204 have been outpulsed.
~ The pretranslator 7€4 interrogates stored digit words

and sets up a code which is stored in the third word of the
addressed digit receiver storage area. The translated
code corresponding to each possible dialed prefix is then
used by the sender control 211 to determine when all digits
of a call have been outpulsed.

Ihe outpulsing logic 783 acts upon the information
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stored in the third word of a digit receiver storage area
to generate the outgoing digit timing sequence. The
sender complete section of logic 703 uses the stored trans-
lated code to determine when the last digit has been out-
pulsed. This logic is then set and when a signal indicat-
ing that outpulsing is definitely completed has been re-
ceived, it provides an output signal.

Finally, on a compressed dialing call, the required digits

- must be transferred from the call processing section 22 to
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the digit receiver storage area. The incoming digit gat-
ing 707 provides a path for this purpose, as determined
by the maintenance center 224, considering which pro-
gram control 220 is in use. All of the digit gates are en-
abled at a predetermined time when a digit word is being
addressed during a command to load the sender for out-
pulsing digits. Thus, upon command from either pro-
gram control 220, the digit information is gated by the in-
coming digit gating 797 from the program control 220
through the memory access gates 795 into the memory
register 411,

b—Call processing section 22 (FIGS. 5, 6, 8-13)

- Whereas the input-output secticn 21 is arranged to
monitor active and prospective calls in each of the re-
mote switch units 10-n concurrently, the call processing
section 22, FIG. 2, processes a single call at a time.
Processing of any one call involves a number of steps as
the connection is being established and disestablished.
The call processing section 22 maintains a record of each
of these steps in the processing of a call, thus keeping
itself currently advised as to the status of every call in
the system. | :

The status of each call is observed periodically and
compared with information received from the input-out-
put section 21 so as to maintain a current status record
for each call, the recorded status being updated upon re-
ceipt of each new condition report as the temporary rec-
ord is observed. Such call status records are maintained
in the call status control 222, one of the three major units
in the call processing section.

A. second major unit is the program control 220. The
record of each call maintained in the call status control
222 contains a distinct indication as to the current state
of a call indicative of the progress made to date in the
establishment of the connection. As the status of each
call is observed, this call status indication or progress mark
is transmitted to the program wcontrol 220 where it is uti-
lized to address a storage unit designated the program
store 221. Such action triggers the program store 221
to provide a chain of commands to equipment throughout
the call processing section 22 which eventually serves to
update the information contained in the call status con-
trol 222 and, in some instances, to provids operating in-
structions to the input-output section 21 in order to per-
mit implementation of the actual call connections in the
remote switch units 10-n.

Thus the call processing section 22 may be said to
operate in accordance with a stored program. The pri-
mary characteristic of such program controlled system
operations is the utilization of a program or series of
commands permanently stored in the system, which com-
mands are carried out by the system on a selective basis
in accordance with dnstructions to the program in the
form of addresses, each distinct address initiating a dis-
tinct series of commands. -

The third major unit in the call processing section is
the line information control 223, which contains informa-
tion concerning each line and trunk in the entire system,
ancillary matters such as class of service to which a par-
ticular line is entitled, abbreviated directory numbers,
toll call diversion, compressed outpulsing translations, et
cetera. Such information is available upon request by
the program control 220 as desired in the processing of a
~particular call. When interrogated, the line information
control 223 will deliver information ot the call status con-
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trol 222, where further processing of the call will take
rlace.

The call processing section 22 systematically interro-
gates the input-output section 21 for new information
- concerning a particular call that it is currently processing,
such information including on- or off-hook messages, digit
pulsing completed, et cetera. Following the instructions
contained in the program store 221, the call processing
section 22 interprets data received from the switch unit
originating the particular call being processed, as tem-
porarily stored in the input-output section 21, and subse-
quently informs the same switch unit via the input-output
section 21 as to which connections to establish or dis-
establish in order to satisfy any indicated change of sfatus
in the instant call. The call processing operation fhus
may be seen to comprise collecting information from the
switch units, comparing such information with the cur-
rent recorded status of a call, and advising the switch
units to take appropriate action while updating the status
of the call, each operation being under the control of in-
structions received from a stored program.

For purposes of reliability, the call status control 222
and the program control 220 are duplicated, as indicated
by corresponding units 222« and 220aq, FIGS. 11 through
13. While one pair of these unifs is in an .active condi-
tion, the duplicate pair is in a standby condition, with
their operations interchangeable upon evidence of some
failure in the active unifs. The unique manner of mfor-
mation interchange will be discussed in detail hereinafter.
The line information control 223 is not duplicated. If
a failure should occur in this unit, centain system services
would be curtailed. However, in such an eventuality,
the system may be programed so that customers in the
remote switch units will be unaware of the occurrence
of a failure, and in no instance will the basic telephone
service be restricted by such a failure.

Each of the major units of the call processing section
will now be considered in more detail with reference to
FIGS. 3 through 10, after which the operation will be
examined as it is used in the processing of an actual call
through the system.

1—Call status control 222 (FIGS. 5, 6 and 17)

The call status control 222 is illustrated in FIGS. 5
and 6. It includes a call status store 801, FIG. 5, which
advantageously comprises a ferrite sheet memory similar
to the data and digit store 264 in the input-output sec-
tton 21. This contains the temporary information con-
cerning the current status of each call or prospective call
through the system. The information is arranged in ithe
store in such a manner, FIG. 17, that the status of each
call may be observed in sequence in a recurring cycle.
‘To facilitate such observation, a distinct portion of the
store 1s allotted to each of the remote switch units in
the system, depending upon the traffic requirements, en-
countered in the respective switch units. Each such por-
tion or sector thus may not correspond in capacity to any
other sector in the store. The sectors in turn are sub-
divided into subsectors of four words each, there being
a four-word subsector corresponding to each time slot in
a particular switch unit. Such four-word subsectors serve
to record all the necessary information as to the current
status of a call. This arrangement of the call status
store 501 is similar to that illustrated in the aforemen-
tioned Gebhardt et al. patent. Included in each subsec-
tor is the progress mark which, upon interrogation, serves
to apprise the call processing section 22 of the current
state of the call being handled by the switch unit in the
time slot corresponding to the subsector in which it is
found. If there is no call in this subsector, the progress
- mark is zero. It is the progress mark which governs the
subsequent operation of the call processing section 22 by
initiating interrogation of the stored program.

Also included in the four-word subsector pertaining
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to a particular call is the identity of the calling and called
stations, if known, the digit receiver and {runk assigned to
the call, if any, plus miscellaneous control information
involving the services of an attendant at the remote.
switch unit and various timing operations. Depending
upon the state of a particular call, some or all of this in-
formation may be contained in a given subsector. .

Generally, the operation of the call status store 501 is
as follows: A progress mark is read from a particular sub-
sector of the store and transmitied to the program con-
trol 22§ where it inifiates a distinct stored program se-
quence for processing the call. If this sequence is of
such a nature as to change the status of the call, appropri-
ate information is added to or deleted from the corre-
sponding subsector of the store 501 and a new progress
mark is inserted. Upon completing the interrogation of
a particular subsector, the progress mark contained in the
next subsector is read and the sequence repeated. After
all subsectors have been investigated in sequence, the
cycle 1s repeated.

In addition, distinct programs are available, one being
initiated at the beginning of each sector and another at
the end of each sector. Thus, as a particular sector of
the store 51, corresponding to a particular switch unit,
is reached in the sequence, the beginning of sector scan
routine 1s initiated. It interrogates the data control 203
in the input-output section 21 for new input data from
the corresponding switch unif, such as a line changing
from the idle to the active state. It retrieves such originat-
ing messages from the data and digit store 204, classifying
the messages as pertaining to extensions, trunks, at-
tendants, or maintenance facilities. During the ensuing
sector scan, the new input message is compared with
active numbers which are recorded in the call status sub-
sectors. At the same time all active calls recorded in the
subsectors are updated as required.

Upon completion of the sector scan, the special end
of sector scan routine is initiated to determine whether
or not a match was obtained between the new informa-
tion and the previously recorded information. If no
match 1s indicated, a new request for service is assumed.
The end of sector scan routine is then responsible for the
location of an idle time slot for use by this call, an idle
digit frunk 287 to the originating switch unit, and an
idle digit receiver. It thereupon serves to inferconnect
the assigned digit receiver and digit trunk in the input-
output sectron 21. In addition, it records in the subsector
corresponding to the selected time slot the numbers in-
dicative of the calling line, the assigned digit trunk and
the assigned digit receiver. Finally, it provides for the
placement of the appropriate progress mark in the as-
signed subsector indicating that the control unit is pre-
pared to receive digits from the calling line indicative of
the called line.

Concurrently, dial tone is provided to the calling line
by the assigned digit receiver. If, for any reason, any
of the above assignments are not possible in the current
allotted interval, the calling line designation is placed
in a top priority call waiting status and the assignment
sequence 1s repeated during succeeding sector scans until
successful, at which time dial tone will be provided.

Information read out of the call status store 501 is
placed in the call status store output register 562. The
register S92 serves-as a central accumulator for the sys-
tem. Most of the operations performed by the stored
programs involve this register in some way. It is a con-
ventional shift register as known in the art which, upon
command from the program control 229, is capable of
performing many functions, e.g., shifting its content either
to the right or to the left or altering its content by the
addition of a single bit.

As indicated heretofore, the call status control 222
and the program control 220 are duplicated for reliability
purposes, as illustrated by the corresponding control cir-
cuits 222a and 220a 1in FIGS. 11 through 13. 1In the
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normal operating routines of the system, the duplicated
circuits operate independently, with one or the other of
the identical stored programs in control of the system
operation at any given time. However, only the active
call status store 501 contains the current call status in-
formation, while the other call status store merely con-
tains a skeleton record of the calls plus information es-
sential to performance of various supervisory functions
~ required to process certain types of calls. The call status
store output register 502 is required to perform an inter-
change of all the stored information between the active
call status store 561 and the cerresponding store in the
call status control 222a whenever certain types of failures
are encountered or it 1s desirad to perform routine main-
tenance tests. A particular command forwarded to the
call status control 222 by the program control 226 initiates
the interchange of information. Pursuant to such an
interchange, the content of each subsector in the call
status store 222 1s read into the output register 582 in
- sequence. Similar operations are performed concurrently
in the duplicate call status control 222a. Thereafter, up-
on receipt of an appropriate command in the current
program, the contents of the output register 502 and its
counterpart are interchanged and the new information
written in the appropriate corresponding call status store.
- The interchange of information may be initiated by
either of the duplicated program controls 228 or 2204
If the program store such as 221 which is currently in
control of the system should fail, the system will auto-
matically transfer to the duplicated program store in the
program control 228a, which store will then supervise the
interchange of information between the call status stores
and thereafter assume the responsibility for processing of
calls.

In addition to the ability of the call status store output
register S§2 to shift information to the right or to the
left or to the duplicated output register in the call status
‘control 222q4, the first eight stages form a counter circuit
which may be incremented, With this flexibility, the call
status store output register 582 serves as the common
gating point in the call processing section 22. Thus all
information received from the input-output section 21
- for processing will be transmitted through the register
502 at some point so as to be exposed to the commands
also received by the register 562 from the program store

22E. Similarly, final orders to the balance of the System

as to actions to be taken to implement a particular call
will pass through the register 502.

Various other circuits in the call status control 222
assist the oufput register 582 in the performance of its
central gating function. The shift control counter 593
is a conventional counter, as known in the art, which
serves to limit the length of shift accomplished in the
output register 582 either to the right or to the left. For
this purpose, a command from the program conirol 228
for the output register 582 to shift a specific number of
stages, results in the storage of that number in the shift
control counter 583. The shifting process is then imple-
mented with the number stored in the shift control
- counter 563 reduced by one for each step shifted. The
shift operation is concluded by a signal from the shift
control counter 503 to the output register 502 when the
counter 503 exhibits a zero content.

~The add shift counter 504 operates in conjunction with
the shift control counter 593 upon receipt of certain
commands such that when the output register 582 is
shifted to the right, the add shift counter 3504 is incre-
mented by one for each shift operation. At the same
time the shift control counter 583 is decremented by one,
as described heretofore. The shifting operation is termi-
nated when the number in the shift control counter 543
reaches zero or the lowest order stage in the output
register 592 contains a zero.

The output register 582 and the counters 503 and 564

v |

10

20

29

20

44

09

60

G5

70

are 1nterconnected in such a manner that if the output 75

register 562 does not contain a zero, the content of the
counters 383 and 504 will be added, and the sum will -
appear in the counter 584. In this fashion the specific
command to the output register 562 to shift its content
until a zero bit is contained in the least significant stage
may be utilized for the ancillary purpose of sequential
addition. If any bit in the output register 502 is zero,
the add shift counter 504 will identify the position in the
output register 562 containing the first zero bit upon
compietion of the aforementioned operation whenever the
shift control counter 503 is initially set to the maximum
count corresponding to the number of stages in the output
register S62. Thus, for example, the output register 502
illustrated in FIG. 5 has sixteen stages. When the shift
to zero command is received with the shift control counter
503 initially containing the maximum count of sixteen,
the add shift counter 504 will contain the number of the
staige 1n the output register 5¢2 in which the first zero
appears when the shift operation has been completed.
In this way an idle state, as indicated by the zero digit, is
detected and the appropriate system selection function
1s performed. |

The shift control logic 585 performs the various func-.
tions necessary for the operation of the output register
582 and counters 303 and 504. These functions include
the recognition of commands, the gating and inhibiting
of clock pulses in accordance with a given command, and
the monitoring of the shift processes in order to detect
when the desired length of shift has occurred. For these
purposes the shift control logic 585 contains various logic
circuits such as AND and OR gates and flip-flops, as
well known in the art. |

2—Program control 220 (FIGS. 8, 9 and 10)

The purpose of the program control 220, FIGS. 8
through 10, is to provide and translate commands for
system action. The commands are stored as individual
programs in the program store 221, FIG. 10. In response
to an address, as provided by the progress mark in each
subsector of the call status store 551, FIG. 5, a specific
corresponding program or sequence of commands will be
produced by the program store 221. The program contro]
220 contains all of the necessary circuitry for insuring
accurate translation of the commands. Its outputs are
transmitted throughout the entire control unit 28, thereby
implementing the actions specified by the particular
program inifially addressed. Thus, in this system environ- -
ment, the program control 229 satisfies the actions required
to advance the status of a call through the system from
one state to the next. |

In establishing a call connection, a prescribed sequence
of events must cccur prior to the actual talking connection.
As indicated heretofore, each distingct state in this sequence
of events bears a corresponding progress mark, each such
progress mark initiating one of several alternative pro-
grams and consequent system actions dependent upon
current system. conditions. The particular chosen pro-
gram determines the particular ensuing sequence of
actions, serving to advance the status of the call from
one progress mark to the next. Action is initiated upon
readout of the progress mark stored in the subsector of
the call status store 501 currently under observation.
This progress mark is transmitted to the program store
address register 802, FIG. 10, via appropriate gating
circuitry in the command control logic 863, FIG. 9.

The progress mark now stored in the program store
address register 862 is the first address of 2 sequence
applied to the program store 221. Tts application nitiates
a sequence of instructions from the store 221 which in
turn result in corresponding actions, depending upon
current system conditions. The program control 220 act
upon these instructions so as to advance the status of the
cail as ifar as the current precgram will permit, at which
point a new progress mark will be inserted in the currently
observed subsector of the call status store 501. There-
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after, the operation is advanced to the next subsector,
and its progress mark initiates another sequence of
program controlled actions.

It may be seen, therefore, that the call processing sec-
tion 22 is involved in the processing of a single call at a
time, and it will require a number of cyclical observations
of the various subsectors in the call status store 501 to
finally establish the call connection as well as to dises-
tablish a connection. Thus the program control 220
consists of a number of logic circuits including AND
and OR gates and flip-flops in registers and counters, all
such components being well known in the art, and which
components are utilized in interrogating, interpreting and
executing commands contained in the program store 221
as located by the progress mark in a given subsector of
the call status store 501.

a—Components

The program store 221 advantageously comprises a
permanent magnet twistor memory in this specific iltus-
trative embodiment to handle the semipermanent type of
storage required. Such a permanent magnet memory Is
disclosed, for example, in S. M. Shackell, application Serial
No. 708,127, filed January 10, 1958, with the twistor used
for access to the memory being shown in A. H. Bobeck
application Serial No. 675,522, filed August 1, 1957, now
Patent 3,083,353, issued March 26, 1963. It is essentially
a random access store with sequential addressing nor-
mally provided so as to step through the typical pro-
grams in uniform fashion. At times, however, it is neces-
sary to depart from the regular sequence of program steps
and transfer to a new step or sequence of steps. In this
event, an entirely new address will be provided as a start-
ing point for a new sequence. Thereafter, the new ad-
dress need only be incremented by one each time the
store is read unless and until another transfer point is
reached.

- The output of the program store 221 is transmitted to
the anticipation register 804, FIG. 10, a conventional
shift register as well known in the art. The anticipa-
tion register 804 acts as a buffer, retaining the informa-
tion recewed from the program store 221 unfil it 1s re-
quested by the command control logic 833, FI1G. 9, to

transfer its content to the program output register 803,

FIG. 10. Immediately thereafter, the program store 221
is instructed to deliver the next command in the program
sequence currently being pursued.

The buffering action of the anticipation register 804
permits the reading of the next program command while
executing the command previously inserted in the pro-
gram output register 885. Such buffering, as will be evi-
dent hereinafter, reduces the time for execution of the
complete sequence of program commands.

The balance of the components of the program con-
trol 220 illustrated in FIGS. 8 through 10 assists in dis-
semination of the program commands throughout the sys-
tem in proper timing, as well as affording an Opportumty
for comparisons between information registered in the
various control components. Thus the transfer buffer 806,
FIG. 10, comprises a series of flip-flops mto which in-
formation stored in the program output register 805 is
gated upon command received in proper timing through
the command control logic 803. It functions to store a
portion of the command contained in the output register
805 which is concerned with conditional transfer opera-
tions, as discussed hereinafter, in connection with com-
mand translation. The stored information is then utilized
to formulate a conditional transfer address which is ap-
plied to the program store address register 802, where it

serves to transfer from a currently followed program to
a new program sequence by appropriate address of the
program store 221.

The parity detector 807 checks the even parity of the
information contained in the anticipation register 804.
If the parity is odd, an error has occurred in the transfer
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of the current command from the program store 221.
The detector 807 must recognize this error and alert the
system 1immediately to prevent executlon of the erroneous
command.

There is sufficient delay inherent in the transfer of com-
mands between the anticipation register 864 and the pro-
gram output register 805 to permit the party detector
807 to perform its function. It comprises a multiple stage
network tree of matched circuits, each matched circuit
comprising AND gates with the final output, if any, stored
in a flip-flop. Such parity detectors are well known in
the art,

Components 802-807 act upon commands received
from the program store 221 and direct these commands to
other parts of the control unit 2. Other components
in the program control 220 receive other system informa-
ticn and compare it with such commands to implement
system action. These components include the incoming
message buffer 810, FIG. &, which serves to temporarily
store all new inputs to the call processing section 22.
Such new input information originates at the switch units
and is transmitted to the control unit by means of the
data or digit trunks, FIGS. 1 and 2. Such information
is stored initially in the data and digit store 204 of the
input-cutput section 21. In proper timing, such new 1n-
formation is gated from the store 204 to the incoming
message buffer 810. It also receives information message
buffer &€10. It also receives information from the call
status store output register 502, FIG. 5, indicating the
particular subsector of the call status store 501 in which
the incoming message may be stored. Thereafter, in
proper timing, and upon receipt of appropriate commands
from the command control logic 803 and the message
transfer control 811, FIG. 8, the stored message is gated
from the buffer 818 to the comparator 812 or through the
call status control gating 808, FIG. 9, to the call status
store output register $82. The buffer 810, FIG. 8, com-
prises AND gates and storage flip-flops, as well known
in the art.

The message transfer control 811 controls the transfer
of information between the data control 203 in the input-
output section 21, and the program control 228. As indi-
cated heretofore, the two sections of the conirol unit 20
are not synchronized, i.e., information is transferred be-
tween the input-output section 21 and the various switch
units 10-n in serial form, while all transfers of informa-
tion between the two sections of the control unit 2{ are
in parallel form. Likewise, when the call processing sec-
tion 22 desires to transfer information pertaining to a
particular call to a corresponding switch unit, it does so
by first presenting the information in parallel form to
the input-output section 21. When the program control
220 desires to transfer information to the data and digit
store 204, it must first examine a counter circmt included
in the message transfer control 811 to determine whether
or not there is sufficient time in the current scan interval
for the store 284 to perform the complete message trans-
fer. If not, the message transfer control 811 will indi-
cate a busy condition, and the program control 220 will
await the next scan interval to store the waiting message
in the proper location of the data and digit store 204.

At the start of a new sector scan in the call status
store 501, a command is transmitted from the command
control logic 803 to the message transfer control 811 to
inferrogate the data and digit store 204 for any new
message from the designated switch unit. If a new input
in fact exists in the data and digit store 204, it is trans-
ferred by the message transfer control 811 to the 1mmcom-
ing message buffer 810 regardless of parity. The par-
ticular program routine in operation at the time will sub-
sequently observe the message which contains a parity
bit and will only permit subsequent action by the call
processing section 22 if proper parity is indicated. The
data and digit store 204 is further interrogated as to the
status of the outgoing data trunk 205 assigned to the
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switch unit corresponding to the sector under considera-
tion. The report on this trunk condition i3 stored in a
busy-idle flip-flop in the message transfer control 811.
Again, all of these actions are performed on the condi-
‘tion that there is sufficient time in the scan interval for
~ the store 204. Otherwise, implementation of this com-
mand must await the next digit transfer interval or scan
cycle of the data and digit store 2§4.

The command to seek out an idle outgoing data trunk

205 is also implemented by the message transfer control

811. If in fact an idle data trunk is found, the program
control 228 will be advised to transfer to a new program
sequence. Otherwise this command will interrupt the
normal scan of the data and digit store 204, if time is
still available in the scan interval, in order to update
the outgoing data trunk status. In this fashion the
program control is kept currently advised as to the status
of the outgoing data trunks 205.

Other commands which are processed by the message
transfer control 8§11 include transfer of a message to the
data control 263, provided an idle outgoing data trunk
265 assigned to the appropriate switch unit is indicated.
Due to the length of such messages, interruptions in the
~transfer may be required, in which event the message
transfer control 811 will monitor the transfer in succes-
sive digit transfer intervals or cycles of operation of
the data and digit store 2¢4.

Upon completion of such message transfer, the mes-
sage transter control 8§11 is set to the busy condition and
a completion signal transmitted to the command control
logic 863 indicating that the current command has been
carried out. A similar function is performed by the
message transfer control 811 in the event that the pro-
gram control 22¢ desires to transfer a series of digits to
the input-output section 21 for outpulsing through the
~sender control 211. Similar to the message transfer com-
mand, 1if there is not sufficient time during the scanning
cycle in the data and digit store 204, the message trans-
fer control 811 will defer action on the requested digit
transfer until the next scan cycle. When the interruption
of the data and digit store 284 scan cycle is effected and

the digits are in fact transferred, the command control

logic 493 is so informed and its normal program sequence
continued. Thus the message transfer control 811 com-
prises a series of AND gates and storage flip-flops, as
well known in the art, which serve to transfer and store
commands in appropriate timing. |

The comparator 812, FiG. 8, as its name implies,
serves to compare two numbers and to provide distinct
outputs indicative of the matching or mismatching state.
Conventional logic circuitry, including AND gates and
1nverters, are utilized for comparing the corresponding
digits in each of the multiple digit binary numbers ap-
plied thereto in parallel. The commands which require
the comparison of a particular telephone line designation
with the content of a particular subsector in the call status
store 501 will utilize the comparator 812. Upon receipt
of the command, the line designation stored in the jncom-
ing message buffer 810 will be compared with the con-
tent of a particular subsector in the call status store 501
which was just entered in the call status store output reg-
ister 502. If a match is encountered and proper parity
exists In the incoming message designating the calling
line, the comparator 812 will provide an outpuf signal
via the command control logic 803 which serves to gate
the content of the call status store output register 502,
concerned with the corresponding line designation, to the
program store address register 892, FIG. 10. Failing to
provide a match, the comparator 812 output will serve to
defer the transfer action until the call status store output
- register 502 contains information which does in fact
produce a match as it continues to scan each subsecior
in the call status store 561 in sequence. Failure to pro-
vide a match in the comparator 812 during the scan of

an entire sector of the call status store 501 will indicate
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the presence of a request for service, and the end of

sector scan will supervise the insertion of the calling line

designation, as received in.the call status store output

register 592 from the incoming message buffer 819

through the call status control gating 88, FIG. 9, in an
idle subsector of the call status store 561. .
The input buffer 813, FIG. 8, the switch unit buffer

614, and the cell status store buffer 815 are general pur-
pose storage units comprising AND gates and flip-flops,
as well known in the art, arranged to perform various
functions in conjunction with the call status store 501,
Thus the switch unit buffer 814, for example, contains the
number of the particular switch unit with which the call
status store 501 is currently engaged. Its input is derived
from the call status store output register 502, and its out-
puts are utilized as a reference for addressing the various

stores in the input-output section 21.

The call status store address register 816, FIG. 0 is a

binary counter, the content of which is ordinarily changed

sequentially. Each call status store subsector comprises
tour words, FIG. 17, having reference to some specific |
operation for which it designates the status. The portion .
of the directive contained in the call status store address
register 1dentifies one of these four words in the subsector.
The register 816 receives commands through the command
control logic 803 as well as the current address of the call
status store SO1 as contained in the call status store output
register 502, the add shift counter 504 and the call status
store buffer 815 through the call status control gating 898.
Upon command, the address register 816 provides the ap-
propriate address to the call status store 581 and also
applies a portion of its content to the call status store
buffer 815 and to the duplicate call status store address
register in the program control 228a4.

The subsector counter 817, FIG. 9, maintains a record
of the subsector in which the call status store 501 is cur-
rently active. It is enabled at the beginning of each
sector scan and is informed at that time as to the number
of subsectors contained in the particular sector currently
being scanned. Thereafter, the call status store 581 is
scanned sequentially and the subsector counter 817 is de-
cremented by one each fime a new subsector is entered.
When the counter reaches two, the end of the sector scan
is indicated and the distinct end of sector scan routine is
itiated. The subsector counter 817 is kept currently
advised as to the subsector of the call status store 591,
being interrogated by information received from the call
status store buffer 815 and call status store output register
502. Its outputs in turn are directed to the call status.
store buffer 815 and command control logic 863 to incre-
ment the sector scan and are also directed to the data con-
trol 203 in the input-output section 21 to assure that both -
sections of the control unit 20 are aware of the particular
subsector in which the call processing section 22 is cur-
rently active.

b—Processing commands

The particular manner in which the program control
acts upon commands supplied by the program store 221 is
determined by that portion of the command control logic
which serves to translate the commands as they are
received from the program output register 805. Certain
system operations require a more extensive address than
others. Thus the commands are divided into two types,
the distinction permitting a more expeditious handling of
the operations which they designate. As illustrated in
FI1G. 15, the long command is divided into an m digit
operation code and an n digit address, the ntm digits
completely filling the program output register 8¢5. The |
short command also contains an m digit operation code
but the »’ digits in its address are less than the digits re-
quired for the long command, such that m--n’=v5n-tm.

A continuous flow of commands is provided to the
program translation portion of the command control
logic 803. As each command is executed, the next one is
received. The general sequence of action involves trans-
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fer of information from the program store 221 to the an-
ticipation register 804 and from there to the program
output register 805 upon receipt of an appropriate gating
command. Regardless of whether the content of the an-
ticipation register 804 is two short commands or one long
command, the entire content is nevertheless gated to the
program output register §05. If two short commands
are received, the program output register 885 in conjunc-
tion with the translation portion 60¢ of the command
control logic 883 will act upon the short command con-
tained in the left side of the register 835. Concurrently,
the program store address register 882 is advanced by one,
thereby instructing the program store 221 to read the
content of the next stored word into the anticipation
register §04. Subsequent to execution of the first short
command, the program output register 805 gates the
second short command to the left or action side. After
the second command has been read out and translated, the
new information, viz, one long or two short commands
contained in the anticipation register 804, is gated to the
program output register 803,

The program transiation concerns the program output
register 805 and certain elements of the command control
logic 893, as depicted in FIG. 15. Each command,
‘whether the short or long type, has the same n digit opera-
tion code. In this specific system illustration, a 5-digit
operation code 1s employed. Thus each operation code
may define one of thirty-two possible operations. As illus-
trated in FIG. 15, the 5-digit operation code is divided
into distinct groups. The outputs from these groups are
translated in 6086 and 607 and combined in AND gates
608, 609 1n such a manner as to generate two types of
commands: (1) Unconditional commands are utilized to
perform specific tasks in the control unit such as shifting
the content of a register, transferring an outgoing message,
et cetera; (2) Conditional commands are formed by com-
bining the ftranslated information with current system
conditions, thus requiring that system conditions be satis-
fied before execution. Such a conditional command may
be to match a calling line with the content of a particular
subsector 1n the call status store 5¢1. This command
will only be issued by the program translator 608 if par-
ticular system conditions which require such a match are
present, as indicated by various components in the con-
trol unt 20.

The foregoing conditional or uncenditional commands
do not require tramslation of the address portion. How-
ever, certain commands do require such a translation. In
the latter case, the appropriate translation is shown in
FIG. 15 and involves translators 611 and 612. One digit
of the operation code which is identical for all commands
requiring address franslation, serves to enable the trans-
lator 612. The four remaining digits of the operation
code 1n those commands requiring a translation are trans-
mitted through AND gates 613 to provide the operation
codes directly. The final command, as provided by AND
gates 614, thus comprises a combination of the opera-

tion code output of AND gates 613 and the address

translation, as provided by translators 611 and 612.

In processing and executing the commands contained
in the program store output register 805, there are essen-
tially four flip-flops in the command control §83 which
control the flow of information to the program translator
69090, as depicted i FIG. 15. These flip-flops, as indicated
in FIG. 14, are 621, 622, 623, and 624, which are normally
set and reset in sequence. The setting of flip-flop 621
permits the information in the anticipation register 804
to be gated to the program output register 805. Concur-
rently, flip-flop 623 is set to indicate to the command con-
trol 803 that the first command has been acted upon by
the translator 600.

Upon execution of the first command and presupposing
that the next command is short and contained in the right
half of the program output register 805, flip-flop 622 is
set. It performs a function similar to flip-fiop 621 except
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that it serves to gate the short command from the right
half to the left half of the program output register 805
through gates 625. Flip-flop 623 is reset upon completion
of the transfer of the command position in the program
output register 805 in order to indicate that the second -
short command is now in position to be activated. Flip-
flop 624 is normally set subsequent to the transfer of the
command or commands from the anticipation register 804
to the program output register 8§85 so that the next com-
mand information will be stored therein and be available
immediately upon execution of the commands currently

‘1n the program output register 805.

Assume, for example, that a long command is con-
tained in the program output register 805. The output
from the translator 660, in combination with appropriate
timing pulses, steps the sequence of flip-flop operations
leading to the insertion of the proper commands in the
program oufput register 89S. First, flip-flop 624 1s set so
that the read signal can be applied to the program store
221. Thereupon, the addressed information is transferred
to the anticipation register 804, In order to move the new
information to the program output register 865, flip-flop
621 1s set, which in turn enables gates 626. The transiator
680 1s disabled during the gating interval by the output of
fiin-flop 621 which at the same time serves to reset flip-
flop 623. 'This disabling of the translator 600 occurs after
an appropriate interval required to perform the command
functions. When the translator 680 is once again enabled,
a new command will be awaiting execution in the pro-
gram output register 805. The program store address
register 882 1s incremented by one. If the command cur-
rently being translated is of the short form, requiring less
time for the operation, flip-flop 622 is set in adidtion to
flip-flop 624 at this time.

Concurrently, the translator 660 output commands the
system to perform its specific tasks and, after an appro-
priate interval, the read signal is again presented to the
program store 221 to read the next command information.
Simultaneously, the output of flip-flop 622 activates gates
625 to transfer the short command in the program output
register 805 from the right side to the left side. Flip-flop .
623 1is reset by the output of flip-flop 622 to indicate that
the second command (in this instance a short command)
1s now being processed. |

If this command is of the conditional type and the con-
dition is satisfied, an output is generated which «calls for
a transfer to a different address in the program store 221.
However, an indicated, a previous readout instruction is
being acted upon at this time. In order not to disturb this
action, the changing of the program store address is de-
ferred. The information previously read out of the pro-
gram store 221 is discarded because such a conditional
command breaks the program sequence. Thereafter, the
new command information provided in response to the
conditional command is gated from the anticipation reg-
ister 804 to the program output register 805 by the setting
of flip-flop 621, and at the same time flip-flop 623 is set to
indicate that this is the command to be acted upon next in
the sequence. -

Thus the routines and subroutines prepared externally
and loaded mutually into the program store 221 provide
sequential lists of commands to meet every possible situa-
tion which might develop in a telephone system. Gen-
erally, the program store 221 is read sequentially. How-
ever, the subroutines are multipurpose and may be uti-
lized a number of times during the processing of the same
call. As a result, optimum use of the program store 221
18 realized by storage of each of these subroutines at a cor-
responding address and having the main program transfer
to that location when the subroutine is required.

Conditional transfers, as described heretofore in con-
nection with the program translator 606, are employed in
reaching decisions and occur only when certain system
conditions are satisfied. Unconditional transfers to sub-
roufines or to new locations within the currently active
routine are made as the program demands.
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3—Line information control 223 (FIG., 11)

The purpose of the line information control 223, FIG.

11, is to ascertain particular information stored therein
which is significant to the establishment of certain calls.
It comprises a store 201, an address register 902, and an
output register 203. When a certain item of information
contained in the line information store 901 is desired, a
commmand is received from the program control 228 and
placed in the address register $82. Subsequently, a com-
mand is received to read out the information at the desig-
nated address; whereupon, stored information is transmit-
ted to the output register 263 and subsequently through
- the call status control gating 808 to the call status store
- output register 302. The control 223 is not duplicated
in the system. In case of failure, the special services
which it furnishes to the system will be withdrawn and
only the basic telephone services will be provided.
- The store 281 in this illustrative embodiment advan-
tageously comprises a semipermanent twistor memory of
the same basic type as utilized in the program store 221,
while the input and output registers 962 and 993, respec-
tively, may comprise conventional register circuitry, as
well known in the art.

4—Processing a call

As indicated heretofore, call processing is simply the
collection of new information from each of the switch
units 10-n, comparing it with information previously
stored in the call status store 501, and implementing and
recording all actions dictated by the received information
as it affects the current status of the call in accordance
with instructions or commands received from the pro-
gram store 221. The following description of a routine
call through the system examines in particular the activ-
ity of the call processing section 22. For simplicity, it is
assumed that all equipment required to complete the con-
nection i1s idle, thus omitting special operations requiring
alternate routes. However, such special operations uti-
lize the basic equipment in a manner similar to that de-
scribed in connection with the routine call.

The call begins under control of the switch unit and
input-output section 21, as described earlier. When the
calling line goes off-hook, the scanner 110 in the switch
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unit 1§ recognizes the change of state and pauses in its

scan long enough to transmit the line and condition identi-
iy to a data receiver 201 in the input-output section 21.
The receivers, including 201, are scanned by the trunk and
digit receiver scanner 401 in the data control 203 and di-
rect the incoming message via an incoming data trunk
202 1nto the data and digit store 204. The store 204 has
space available adequate to store four distinct messages
or words for each data receiver 201. The off-hook mes-
sage for the instant call is stored in the first word of the
space allotted to its data receiver.

Fach such storage area is interrogated in sequence
by the call processing section 22. The programed logic
of the call processing section 22 now supersedes the wired
logic of the input-output section 21 in the subsequent con-
trol of the call processing. The call status store 581 main-
tamns a record of the current status of every call or pros-
pective call in the system. The program control 228 di-
rects the sequential scan of the call status store 501, check-
g the current status of each call against information
received in the interim, and updates the record to agree
with 1ts current or newly-established state. The call status
store 581 1s arranged so as to store call status information
in major sectors, FIGS. 17, each sector corresponding to
one of the switch units 10-n. The sectors in turn are di-
vided into subsectors, with each subsector being available
for storage of information pertaining to a particular call
originating or terminating in the switch unit corresponding
to the sector in which it is found. The sectors are scanned
in sequence, the scanning of ecah sector being divided into
three distinct routines designated the beginning of sector,
sector scan, and end of sector. |
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Let us assume that the sequential scan of the call status
store 541 1s about to reach the sector corresponding to the
switch unit in which the instant call originated. As the
scan completes the end of sector routine for the previcus
sector, the number of the next sector to be scanned is regis-
tered in the switch unit buffer 814, FIG. 8. The program
control 2286 then directs the program store address regis-
ter 802, FIG. 10, to address the beginning of sector rou-
tine contained in the program store 221. This routine ini-
tially serves to reguest any new messages such as the off-
hook message for the instant call from the input-output
section Z21. The command for obtaining such new infor-
mation clears the incoming message buffer 819, FIG. 8,
directs the identity of the sector to be scanned to the ad-
dress register 484 in the data control 293, thereby interro-
gating the data and digit store 264 for any new input from
the corresponding switch unit, and places the message
identifying the instant calling line as being off-hook in
the incoming message buffer 818 after such message has
been completely stored in the data and digit store 264.

The next command in the program clears the input
buffer 813 and gates the address of the first subsector
and the number of subsectors in the sector to be scanned
from the program store 2Z1 to a temporary storage loca-
tion 1n the call status setore 56%1. An attempt is made
to reserve a data transmitter 286 in the input-output
section 21, and the success of this endeavor is recorded
i busy-idle and reserved flop-flops in the message trans-
fer control 811. We assume here that the data transmitter
1s available, so that the program now reserves it, together
with the data trunk, and checks the parity of the message
stored 1n the incoming message buffer 818.

The program now directs a sequence of operations to

determine whether the off-hook indication just received

15 in fact a call origination or whether it is merely a
temporary hookswitch depression or flash by the calling
party, et cetera. Thus a specific portion of the call status
store 501 is reserved for on-hook indications. Such
indications are timed and the corresponding line designa-
tions compared with the designation of the instant calling
line. The storage area is concerned with trunk and
extension on-hook indications, and it first observes the
trunk entries. Assuming that there is no trunk on-hook
indication present which would identify the new message
as mvolving a tie trunk, the program saves the address
and transfers to a new routine to identify the calling line.

The off-hook indication stored in the incoming mes-
sage buifer 810 is accompanied by a coded designation
of the calling line. Such coded designations are provided
in accordance with a unique classification system which
informs the program control 229 as to the class of equip-
ment that originated the off-hook indication. For ex-
ample, telephone lines, test lines, trunks, maintenance
points, and attendant loops are each included in a cor-
responding distinct group of numbers. The program
gates the input message from the buffer 818 to the call
status store output register 502, FIG. 5, via the call status
control gating 808, FIG. 9, without clearing the incoming
message buffer 818, | |

After testing for the presence of a new message in the
output register 502, the message is shifted to the left a
sufficient number of bit positions so as to bring a partic-
ular bit into the first register position. A distinct com-
mand tests this bit and finding a zero, informs the pro-
gram control 22% that the number of the line providing
the off-hook indication is found in 2 range having an
upper limit less than the binary count indicated by the
comparison. The program thereupon shifts the message
to the right until its original position in the register 52
1s achieved. |

The program now requests that a comparison be made
which will determine the content of two other bijt posi-

tions in the register. It does so by destroying the con-
tent of all other positions in the register 592. The
remaining two positions are then interrogated for the
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presence of a one. If either position contains a bit
marked one, the calling line is i1dentified as being greater
than a specified number, while if both positions contain
zeros, the calling line is less than a given number. In
‘this general way the calling line identity is establishesi
between specified limits which, according to the classi-
fication, identify the calling line as a PBX extension
rather than trank attendant loop, et cetera. |

The input buffer 813 receives and stores the informa-
tion marking the calling line as a PBX extension. The
program now returns to the off-hook identification Se-
quence and this time attempts to match the number in
the incoming message buffer §10 against each of the on-
hook indicating numbers contained in the previously
described specific portion of the call status store 301.
Since this is a legitimate off-hook call origination, such
a match will not be obtained. The program thereupon
sets a match required flip-flop in the command control
logic 803, FIG. 9, and transfers to the sector scan
routine.

~The sector scan routine begins by retrieval of the
address of the first subsector and the total number of
subsectors from the temporary storage area in the call
status store 501 and the transmission thereof to the call
status store address register 816, FIG. 9, and subsector
counter 817, respectively. The sector scan routine will
then utilize the comparator 812 to compare the number
in the incoming message buffer 818 with the calling and
called line designations of every subsector in the cur-
rently scanned sector, the progress mark of which requires
such comparison. The subsector counter 817 is re-
duced by one each time the sector scan routine examines
a subsector. When the sector scan routine has examined
every subsector in the currently scanned sector, the sub-
sector counter will be set at a point which will trigger
the transfer of the program to the end of sector routine.

Each subsector contains a progress mark identifying
the status of the call contained therein, and the sector
scan routine first observes the progress mark in the sub-
sector currently being scanned. Certain progress marks
indicate that both calling and called line designations
are absent from the currently scanned subsector, in which
case the matching operation is skipped. Since the instant
calling line will not be recorded in the subsector as the
line was assumed to be inactive prior to receipt of the
off-hcok indication, the matching operation with the
designations stored in each subsector will be unsuccessful.

After cycling through the remaining subsectors in the
sector under scan, the program transfers to the end of
sector routine. The end of sector routine first checks the
incoming message buffer 810 and finds the instant off-
hook indication of the calling line stored thersin. It
also checks the match required flip-fiop in the command
control logic 803. Since a match had not been obtained,
the program examines the incoming message buffer 810
to determine the reason for the requested match. and
finds that the calling line has gone off-hook. Since the
calling line designation was not found elsewhere in the
system, the program recognizes this to be an origination
and not an off-hook indication in answer to ringing.

The program now transfers to a subroutine which
scans the sector to find an idle subsector. Upon locat-
ing such an idle subsector, the program transfers the
calling line designation from the incoming message
buffer 819 to the appropriate storage area in this idle
subsector. An idle digit trunk 207, FIG. 2, and digit
receiver 209 are selected and a message is sent to the
switch unit via the corresponding data trunk which re-
sults in the calling line being connected to the selected
digit trunk. At this point the calling party receives
dial tone generated in the digit receiver 209 and transmit-
ted through the digit trunk 207.

During the receipt of digits identifying the called
line, the call status store 501 is continually scanned but
no action is taken, insofar as the instant call is con-

38

cerned, until all digits have been registered. A new
progress mark has been placed in the subsector which
contains the calling line identity, and each time the sec-
tor scan routine finds this progress mark, it tries to

5 match the stored calling line identification with the con-
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checks and releases the

tent of the incoming message buffer 810. Failing in
this endeavor, the program inquiries as to the recep-
tion of all digits identifying the called line. This in-
quiry is directed to the digit control 210 in the input-
output section 21. The program then directs the eall
status store 301 to place the third word of the subsector
currently being scanned in the call status store output
register 502. This word contains the number of the
digit receiver 209 and the number of the digit trunk
207 being used on this call. Thus when the command
Is transmitted to the digit control 210 to provide the
complete called line information, the digit receiver iden-
tity, as contained in the call status store 501, is com-
pared with the digit receiver number contained in a
receiver number register 314 of the digit control 210.
If a match is encountered, the called line information
is transferred to the call status store output register 562.

‘Of course the process of providing the digits identifying

~ the called line -consumes an appreciable time relative
25

to the time required for one scan of the call status store
S561. Thus a considerable number of scans will be con-
ducted prior to the realization of the foregoing infor-
mation transfer operation. Subsequently, the program
transfers to a routine which serves to translate the called
line designation as now contained in the call status store
output register 502. The called line designation is trans-
ferred to the alloted area of the subsector containing
the calling line designation in the call status store 501.
The program thereupon transfers to a routine which

| previously assigned digit trunk
207 and digit receiver 209.

Returning to the main routine, the program requests
assignment of a data transmitter 206, FIG. 2, and com-
mands the switch unit via the data link to break the
digit trunk connection previously established. The add
shift counter 504, FIG. 6, is subsequently activated by
the program to place a zero in its first three stages.
These are identity bits signifying that the called line is
to be busy-tested. The program then, by a subroutine,
places the called line designation in a special storage area
of the call status store 504, containing a list of numbers
awaiting busy-test, along with the address of the in-
stant call status store subsector and the identity bits.

Returning to the main routine, a new progress mark
is written in the instant subsector designating that the
calling line is awaiting busy-test of the called line. After
advancing through the entire scan of the call status store
501, the program again returns to the beginning of sector
routine for the instant sector. One element of this rou-
tine is to observe the aforementioned list of numbers
awaiting the busy-test and to put the called line desig-
nation found therein in the incoming message buffer
810. The address of the instant subsector also found
in this list is placed in the call status store address
register 816, thus directing the program immediately to
the called line storage area of each subsector, rather
than attempting a match with the calling line storage
area in the normal routine.

The beginning of sector routine reserves a data trans-
mitter 206 as its final action and then transfers to the
sector scan routine. ‘During the sector scan, an attempt
is made to match the called line designation as now
contained in the incoming message buffer 810 with the
content of the called line storage area of each subsector.
If a match is not realized during the sector scan, an
idle called line is indicated. The end of sector routine,
upon finding that the reason for the match was a busy-
test, will read out information in the instant subsector.
The identity digits are stored in the add shift counter
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504, the subsector address in the call status store address
- register 816, and the number of subsectors in the sub-
sector counter 817. |
The content of the add shift counter 504 will indicate
that busy-test has just been performed on the called
- line, and a call waiting check is performed therein.

In the instant situation, there was no party waiting

for the called line to become idle, so that the result of
this check will permit the program to advance the pro-
gress mark in the instant subsector. The new progress
mark 1nitiates routines which investigate the status of
the area in the instant subsector allotted to the services
of an attendant at the PBX. Since no attendant is re-
quired on this call, as is true of any normal call through
the system, this area will be empty.

Having determined this status, a command is trans-
- mitted to the switch unit over the reserved data trunk,
causing the calling line to be connected to ringback tone
and the called line to ringing tone. The ringing code
1s written in a portion of the third word of the instant
subsector, and the particular ringing group code re-
quired for this call, as obtained from the line informa-
- tion store 901, FIG. 11, i1s placed in a portion of the
fourth word of the instant subsector. | |

“As ringing proceeds, the program continues through its
normal scanning routines. |

During the end of sector routine, the program re-
moves the data trunk reservation previously established.
However, the busy-idle flip-fiop in the message transfer
control 811 remains in the set state established by the
prior command to transmit a message over the data
trunk. This condition will not be altered until the pro-
gram has completed one more scan of the call status
store 561 after transmittal of the message. The data
trunk, therefore, tests busy and the program sets the
match flip-flop in the command control 883 to its idle
state.

The program advances to the beginning of sector
routine for the next sector in the call status store 501.
System scanning continues in the normal manner until
the program returns to the beginning of sector routine
for the sector containing the instant subsector. Assum-
g that there are no new messages from the correspond-
ing switch unit for the beginning of sector routine to act
upon, the program conducts maintenance activities and
then proceeds to the sector scan. When the scan reaches
the instant subsector, the program will note a progress
mark stored therein corresponding to the ringing opera-
tion. Noting this condition, the program checks the
match required flip-flop in the message transfer control
811. As there is no matching action required at this
time, this flip-flop will record the idle state. This pro-
gram then observes the ringing code and message sent
portions of the instant subsector and determines from
these indicators that ringing signal is being applied to the
calling line. - | |

This activity will be repeated in successive scans until
ringing has been applied for one second, Time-out will
occur at this point, and the program in the current scan of
the instant subsector will request assignment of a data
transmitter 2086. If successful, the message sent indicator
in the instant subsector will be activated, and the timer
will be cleared. Thereupon, a message is sent to the
switch unit involved in this call which causes the calling
line to be connected to ringback signal and the called line
fo interrupted ringing.

Upon answer by the called party, the scanner at the
switch unit will recognize the change to.the off-hook state
of the called line and transmit the off-hook message
to the control unit. The processing of this new off-hook
message will proceed in exactly the same manner as the

ofl-hook origination by the calling line up to the time

that the sector scan matches the new message as stored
in the incoming message buffer 810 with the content of
the instant subsector words allotted to the calling and
called lines. The progress mark indicating ringing will
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‘be encountered as in each scan cycle prior to answer by

the called line. This time, however, the match required
flip-flop will be set because of the new off-hook message
contained in the incoming message buffer 81¢. Perform-

ing the match operation, the program will discover that = -

the content of the called line word in the instant subsec-
tor matches the called line designation contained in the
off-hook message in the incoming message buffer 810.
The comparator 812, in finding a match, causes the pro-
gram to reset the match required flip-flop, and the pro-
gram then determines the content of the message in the
manner described heretofore. | |

The off-hook indication at this point can only be in
response to ringing, so that the program will proceed to
clear the call processing section 22 of the ringing routine.

It also verifies that this is not a conference call and
that the calling and called lines are in fact extension lines
from the same PBX switch unit, and then writes the next
progress mark in the instant subsector. . |

The new call progress mark initiates actions com-
mensurate with actual communication between the pair
of active lines. A message is sent to the switch unit
which causes the calling line to the disconnected from
the ringback signal, the called line to be .disconnected
from interrupted ringing, and finally connection of the
calling line to the called line for actual communication
therebetween. I |

During the ensuing conversation, the call processing
section 22 performs the usual sequence of beginning of
sector, sector scan, and end of sector routines for all
sector storage areas in the call status store 501. When
either calling or called party hangs up, the beginning of
sector routine for the sector containing the instant sub-
sector will recognize the on-hook message and, after
determining that this on-back is not part of the receipt
of a digit designating a called party, will conduct the dis-
connect process. o

It is to be understood that the above-described arrange-
ments are 1llustrative of the application of the principles
of the invention. Numerous other arrangements may be
devised by those skilled in the art without departing
from the spirit and scope of the invention. |

What is claimed is:

L. A communication system comprising a plurality of
switch wnits each having means for independently com-
pleting connections among a distinct group of lines ter-
minating on the corresponding switch unit and a control
unit common to and remote from said plurality of switch
unmits for recording the status of all calls through the
system and for directing the interconnection of lines
through said switch units, said control unit comprising
a call processing section operating in accordance with a
stored program to maintain a current record of the status
of all calls through the system and for processing one call
at a time, said control unit further comprising an input-
output section connected to each of said switch units so
as to transfer data between said control unit and all of
said switch units concurrently and for storing data re-
ceived from said switch units until requested by the call
processing section,

2. A communication system in accordance with claim
1 wherein said input-output section comprises means for
transterring data between said control unit and each of
said switch units in serial form, and means for trans-
ferring data between said call processing section and said
input-output section in parallel form.

3. A communication system comprising a plurality of
switch units each terminating a distinct group of lines
and a control unit common to said plurality of switch
units for recording the status of all calls through the
system and for directing the interconnection of lines
through said switch units, said control unit comprising a
call processing section operating in accordance with a
stored program to maintain a current record of the status
of all calls through the system and for processing one call

at a time, said control unit further comprising an input-
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output section connection to each of said switch units so
as to transfer data between said control unit and all of
said switch units concurrently and for storing data re-
ceived from said switch units until requested by the call
processing section, said input-output section comprising
means for storing and handling data in a first time cycle
and said call processing section comprising means for
storing and handling data in a second tiime cycle distinct
from said first time cycle.

4. A communication system comprising a plurality of
independent switch units each terminating a distinct group
of lines and comprising means for effecting the intercon-
nection of said lines, and a conirol unit common to and
located remote from said plurality of switch umits for
recording the status of all calls through the system and
for directing the interconnection of lines through said
switch units, said control unit comprising a call process-
ing section for processing one call at a time and having
memory means for maintaining the call status record and
other memory means for storing a program of operating
routines to be followed selectively by the call processing
section, a section for receiving data concurrently from
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each of said switch units and having memory means for

storing the recetved data 1 distinct storage areas allo-
cated to each switch unit, and means for transferring
data between said two sections of said control unit under
the direction of the program stored in said call processing
section.

5. A telephone system comprising a plurality of inde-
pendent private branch exchanges each terminating a dis-
tinct group of telephone lines and a control unit common
to said plurality of private branch exchanges for perform-
ing the majority of the control functions necessary to the
interconnection of lines in the switching networks of the
private branch exchanges, said control unit comprising an
input-output section arranged to exchange data concur-
rently with each of said private branch exchanges and
having memory means for storing the received data tem-
porarily in distinct storage areas allocated to each private
branch exchange, and means for scanning said data
storage areas in a first repetitive time cycle, said control
unit further comprising a call processing section having
memory means for maintaining a record of the status of
each current and prospective call through the system in
distinct areas allocated to each private branch exchange,
and means for scanning said call status storage areas in a
second repetitive time cycle distinct from said first time
cycle.

6. A telephone system in accordance with claim 5
and further comprising means for interrupfing the scan-
ning of said data storage areas 1n said input-output sec-
tion memory means at any point 1n the first time cycle to
extract data for use in the call processing section and fo
enter data from the call processing section for subsequent
transfer to a private branch exchange.

7. A telephone system in accordance with claim 6
wherein said input-output section comprises means for
delayving the operation of said interrupting means uatil
the succeeding time cycle upon determining that there is
1nsu

icient time in the current first time cycle to complete
the data transfer operation.

8. A telephone system in accordance with claim §
wherein said input-output section comprises means for
controlling the storage and transfer of data concerning
specific line conditions in each private branch exchange
and digit control means for controlling the storage and
transfer of digits designating called lines, said distinct
areas in said memory means allocated to each private
branch exchange being arranged to store said data and

said digits in separate sections, said digit storage areas

being scanned in the first portion of said first time cycle
followed by the scan of all of the data storage areas in
sequence.

9, A telephone system in accordance with claim 8
wherein said input-output section comprises a plurality
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of digit receivers available for selective assignment to any
one of said private branch exchanges desiring fo transmit
a called line designation and wherein said digit control
means comprises means for designating distinct groups of
said digit receivers to be scanned 1n each of said first time
cycles, and means for synchronizing the scan of a digit
receiver with the scan of the corresponding digit and
storage areas in said memory means.

i0. A telephone system in accordance with claim 8
wherein said digit control means comprises means for
translating the first received digit of a called line desig-
nation to detenmine its origination from a tone source
or a rotary dial source, and means for converting the
received digits to a form appropriate for storage in said
memory means.

11. A telephone system in accordance with claim 8
wherein said light digit control means comprises means for
determining from the first received digit of a called
line designation the number of digits to be received prior
to transfer of the called line designation to the call process-
ing section, and means activated upon storage of the pre-
determined number of digits in said memory means to
implement said transfer., |

2. A telephone system in accordance with claim 11
and further comprising a plurality of trunks connecting
said confrol unit to each of said private branch exchanges
and to other telephone offices and wherein said input-
output section comprises means for connecting said call
processing section to one of said trunks for outpulsing
a called line designation which is prowvided at least in
part by said call processing section in response to an
indication from said digit control means of the receipt
of an abbreviated called line designation from a calling
line through one of said private branch exchanges.

13. A communication system comprising a plurality of
lines and trunks, a switching network for interconnecting
said Jines and trunks to establish call communications in
said system and a control unit for determining the opera-
tion of said switching network, said control unit compris-
mg an active call status store containing complete infor-
mation pertaining to the status of all calls through the.
system, .an active program store connected to said active
call status store for providing system operating routines
as designated by the status of each call, a standby call
status store containing mcomplete mformatmn.pertammg
to the status of all calls through the system, a standby
program store connected to said standby call status store
containing a duplicate of the information in said active
program store, means for detecting a failure in said active
program store and for automatically switching the active
operation of the system to said standby program store,
and means operative thereafter for interchanging all of
the mformation contained in said active and standby call
status stores. |

14. A telephone system comprising a plurahty of inde-
pendent switch units each terminating a distinct group of
telephone lines and a control unit common to said
plurality of switch units for determining the operation of
said switch units, said control unit comprising means for
processing one call at a time and having active storage
means containing the complete status of all calls through
the system, standby storage means containing a partial
status of all calls through the system, duplicate program
stores each connected to a corresponding one of said active
and standby storage means, means responsive to the detec-
tion of a failure in said active storage means to auto-
matically switch the operation to the duplicate program..
store and to interchange the information stored in said
active and standby storage means and means responsive to
the detection of a failure in said active storage means to
inhibit said interchange of information.

15. A communication system comprising a plurality
of switch units each having means for independently com-
pleting connections among a distinct group of telephone
lines terminating on the corresponding switch unit, and a
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control unit common to and remote from said plurality of
switch units and including an input-output section for
recelving data concurrently from each of said switch units
and a call processing section for recording the status of
all calls through the system and for processing one call
at a time, said call processing section comprising a call
‘status store arranged in distinct sectors corresponding to
said switch units, each of said sectors being divided into
a plurality of subsectors containing individual call status
information, the number of subsectors per sector being
determined by the exepected traffic in the corresponding
switch unit, means for scanning the subsectors in sequence,
means for determining the presence of new data from a
switch unit as recorded in the input-output section prior
to scanning the sector corresponding to said switch unit,
means operative during the sector scan for comparing said
new data with the data stored in each subsector of the
sector under scan, and means operative upon completion
of the sector scan if a comparison was not indicated for
assigning an idle subsector in the scan subsector to the
call indicated by said new data.

- 16, A communication system comprising a plurality of
switch units each terminating a distinct group of telephone
- lines and a control unit common to said plurality of switch
units, said control unit including an input-output section
for receiving data concurrently from each of said switch
units and a call processing section for recording the status
of all calls through the system and for processing one
call at a time, said call processing section comprising a
call status store arranged in distinct sectors corresponding

to said switch units, each of said sectors being divided
into a plurality of subsectors containing individual call

status information, the number of subsectors per sector
“being determined by the expected traffic in the correspond-
ing switch unit, means for scanning the subsectors in se-
quence, means for determining the presence of new data
from a switch unit as recorded in the input-output sec-
tion prior to scanning the sector corresponding to said
switch unit, means operative during the sector scan for
comparing said new data with the data stored in each
subsector of the sector under scan, and means operative
- upon completion of the sector scan if a comparison was
not indicated for assigning an idle subsector in the scan
subsector to the call indicated by said new data, said call
processing section further comprising register means,
means operative during the sector scan for transferring the
content of a subsector to said register means, a program

store, means responsive to a call status indication in the.

- transferred content for addressing a particular location
in saitd program store, and means responsive to each in-
struction in the selected program for addressing the loca-
tion in the program store of the succeeding instruction in
the selected program, said selected program being exe-
cuted in its entirety prior to advancing the sector scan to
the next subsector.

17. A communication system in accordance with claim
16 wherein said call processing section further comprises
means for determining whether said instructions are con-
ditional or unconditional, said conditional instructions

being executed if the corresponding system condition is

satisfied, and means for transferring to an address of a
location in the program store other than the normally
designated address of the succeeding instruction in the

sclected program if the particular system condition is not
satisfied.

 18. A communication system comprising a plurality of
-remote switch units each terminating a distinct group of
lines, a ringing signal source in each of said switch units
and a control unit common to and remote from said plu-
rality of switch units, said control unit comprising a tone
signal source, means responsive to a calling line indication
from a switch unit for connecting said calling line to said
tone signal source in order to alert said calling line to
transmit a called line designation to said control unit, and
means responsive to the processing of the received called
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line designation for enabling the switch units terminating
said calling and called lines to connect said calling and
called lines to the corresponding ringing signal source.

19, A telephone system comprising a plurality of switch
units each having means for independently completing
connections among a distinct group of telephone lines
terminating on the corresponding switch unit and a con-
trol unit common to and remote from said plurality of
switch units for maintaining a record of the current status
of all calls through the system and for directing the inter-
connection of lines through said switch units, said con-
trol unit comprising a call status store containing informa-
tion storage areas arranged in distinct sectors correspond-.
Ing to said switch units, each of said sectors containing a
plurality of subsectors for storing information pertinent
to the status of a single call originated in the correspond-
Ing switch unit, means for scanning the subsectors in a
glven sector in sequence, means operative prior to the
scan of said given sector for determining the presence in
said control unit of new information from the switch unit
corresponding to said given sector, and means operative
upon completion of said given sector scan for assigning
new call originations to idle subsectors in said given
sector. |

2¢. A telephone system comprising a plurality of switch
units each terminating a distinct group of telephone lines
and a control unit common to said plurality of switch
units for maintaining a record of the current status of all -
calls through the system and for directing the intercon-.

nection of lines through said switch units, said control
unit comprising a call status store containing information
storage areas arranged in distinct sectors corresponding

to said switch units, each of said sectors containing a plu-
rality of subsectors for storing information pertinent to
the status of a single call originated in the correspond-
Ing switch unit, means for scanning the subsectors in a
given sector in sequence, means operative prior to the
scan of said given sector for determining the presence in
said control unit of new information from the switch unit
corresponding to said given sector, and means operative
upon completion of said given sector scan for assigning
new call originations to idle subsectors in said given
sector, said control unit further comprising means opera-
tive prior to said given sector scan for translating said
new information into a calling line designation and means
operative during said given sector scan for comparing said
calling line designation with the line designations con-
tained in each of said subsectors. -

21. A telephone system in accordance with claim 20
wherein said control unit comprises means for receiving
digits from the calling line designating a called line and
means operative upon completion of said given sector scan
for assigning said digit receiving means to said calling
line and directing said corresponding switch unit to con-
nect said calling line to said digit receiving means.

2Z. A communication system comprising a common
control unit directing the interconnection of selected pairs
of communicating lines terminated on a plurality of switch
units located remote from said control unit and having
means for independently establishing said interconnec-
tions, said control unit comprising an input-output section
connected to each of said remote units so as to transfer
data between said control unit and a plurality of said
remote units concurrently and a call processing section
connected to said imput-output section so as to permit
the transfer of data between said input-output section and
said call processing section in parallel form, said call
processing section comprising a program store containing
a program of commands for the performance of system
operations in a predetermined sequence, a call status store
containing information indicating the current status of
all calls through the system, means for registering infor-
mation taken from said call status store and means for
transferring the registered data to other locations in the
control unit during the processing of a call according to
the commands from said program store.
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23. A communication system comprising a common
control unit directing the interconnection of selected pairs
of communicating lines terminated on a plurality of re-
mote units, said control unit comprising an input-output
section connected to each of said remote units so as to
transfer data between said control unit and a plurality of
said remote units concurrently and a call processing sec-
tion connected so as to permit the transfer of data between
said 1nput-output section and said call processing section
m parallel form, said call processing section comprising
a program store containing a program of commands for
the performance of system operations in a predetermined
sequence, a call status store containing information indi-
cating the current status of all calls through the system,
means for registering information taken from said call
status store and means for transferring the registered data
to other Iocations in the control unit during the processing
of a call according to the commands from said program
store, said call status store comprising a plurality of in-
formation storage areas arranged to store the call status
information in sectors corresponding to said remote units
and in subsectors within each sector, said subsectors ac-
commodating information pertaining to each call origi-
nated in the corresponding remote unit.

24. A communication system in accordance with claim
23 wherein said call processing section comprises means
for scanning the subsectors of a given sector in sequence,
means for ascertaining from said input-output section the
presence of a new message from the remote unit corre-
sponding to said given sector, means operative during the
scan of the subsectors in said given sector for comparing
a new message with the information contained in each
subsector and means operative upon completion of the
sector scan absent such a comparison for assigning an idle
subsector in said given sector to the call indicated by said
new message.

25. A communication system according to claim 24
wherein the information contained in each active sub-
sector ncludes a call progress mark, said call processing
section further comprising means responsive to the pres-
ence of said call progress mark from a given subsector in
said register means during a sector scan for interrogating
a discrete location in said program store to initiate a corre-
sponding sequence of commands, and means operative
upon completion of said sequence of commands for in-
serting a new call progress mark in said given subsector
and proceeding to the scan of the next subsector in the
sector under scan.

26. A communication system in accordance with claim
24 wherem said subsectors are arranged to acommodate
a plurality of messages, said call processing section further
comprising means for interrogating the message storage
areas of a given subsector in sequence during a sector
scan and means operative upon detection of a particular
message in a corresponding subsector message storage
area to depart from the regular scan sequence.

27. A communication system in accordance with claim
23 wherein said program store comprises a plurality of
information storage areas arranged to store multi-element
commands at discrete address locations, each command
comprising an operation portion containing a uniform
number of elements and an address portion containing a
variable number of elements, said call processing section
further comprising means for addressing the location of
a given command in said program store, means for regis-
tering said given command upon removal from said pro-
gram store in response to the address, means for trans-
lating the registered given command and means respon-

sive to said translating means for addressing the location

of another command in said program store.

28. ‘A communication system according to claim 27
wherein said registering means comprises an anticipation
register for receiving commands from the program store
and an output register capable of registering two short
commands each containing a first number of address
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elements or one long command containing a second num-
ber of address elements greater than said first number of
elements, means for transferring two short commands
simultaneously from said anticipation register to said
output register, means for transferring said short com-
mands in sequence to said translating means for said
output register, and means operative upon transfer of
the first short command from said output register to shift
the second short command into the position previously
occupied by said first short command in said output
register.

29. A communication system in accordance with claim
23 wherein said control unit further comprises a line in-
formation store containing information pertinent to the
establishment of certain types of calls and means oper-
ative 1 response to commands from said program store
for transferring information from said line information
store to said information registering means.

30. A communication system comprising a common
control unit directing the interconnection of selected pairs
of lines terminating on a plurality of remote units, said
control unit comprising a call processing section operating
in accordance with a stored program to record the current
status of all calls through the system and to update the
satus of one call at a time and an input-output section
connected to each of said remote units, said input-output
section comprising storage means, means for controlling
the transfer of data in the form of multi-element mes-
sages between said storage means and all of said remote
units, the elements of each message being transferred in
sequence and messages involving a plurality of remote
units being transferred concurrently, and means for trans-
ferring all of the elements of one of said messages simul-
taneously between said storage means and said call proc-
essing section.

31. A communication system in accordance with claim
30 wherein said input-output section further comprises a
plurality of digit trunks each connected to a correspond-
ing remote unit, a plurality of digit receivers, means for
connecting a selected one of said digit receivers to an
active one of said digit trunks to receive a called line
designation from the corresponding remote unit, means
for scanning said digit receivers and corresponding digit
storage areas in said storage means in synchronism, and
means for transferring digit information from one of
said digit receivers to the corresponding digit storage area
1 sald storage means.

32. A communication system in accordance with claim
31 wherein said digits each comprise a plurality of ele-
ments which are received and transferred to said storage
means in serial form, means for interleaving the digit
elements transferred from one digit receiver with elements
of digits transferred from other digit receivers, and means
for transferring the elements of a complete digit from
said storage means to said call processing section in paral-
lel form.

33. A communication system in accordance with claim
32 wherein said input-output section further comprises
means for analyzing the received signals representing the
first digit of the called line designation to determine the
origin at a rotary dial of multifrequency tone source in
the calling line, and means for converting said received
signals to a common form prior to transfer fo said stor-
age means.

34. A communication system in accordance with claim
32 wherein said input-output section further comprises
means for analyzing the received signals representing
the first digit of the called line designation to determine
the particular remote unit terminating the called line,
and means activated by said analyzing means for effecting
a transfer of digits to said call processing section sub-
sequent to the storage of a predetermined number of
digits received from the calling line in said storage means.

35. A communication system in accordance with claim
31 wherein said digit receivers each contain a tone source,
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means for connecting said tone source to the calling line
upon connection of the digit receiver to the correspond-
ing digit trunk, and means for disconnecting said tone
source upon receipt of the first element of the called line
designation in said digit receiver.

36. ‘A communication system in accordance with claim
30 wherein said storage means comprises information
storage ears arranged in distinct data and digit sections,
means for scanning the digit storage ears in said digit sec-
tion in sequence, followed by the scanning of the data
storage areas in said data section, and means operative
under control of said call processing section at any time
during the repetitive scan of said storage means to inter-
rupt the scan and to direct the address of said storace
means to a particular one of said digit and data storage
areas.. |

37. A communication system in accordance with claim
30 and further comprising means for controlling the trans-

5

10

48

fer of called line designations to the proper ones of said
plurality of remote units terminating the called line, a
plurality of trunks, and means controlled by said call
processing section for activating said last-mentioned
means to extract the called line designation from said
storage means and to outpulse said called line designation
over one of said plurality of trunks.
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