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ABSTRACT OF THE DISCLOSURE

A word-organized stored program digital computer hav.
ing a block diagram display unit which visually displays
the states of various of the mternal elements of the com-
puter and various of the external equipments controlled
by the computer. In the context of this disclosure, the
computer controls a telephone switchin g system. The com-
puter operates at a slow rate, and can €ven be stopped
during execution of instructions, so that the visual dis-
play can be utilized as a teaching tool.

B S

This invention relates to teaching machines
particularly to machines for
ming and the operation of stored program controlled
machinery such ag may be found in high speed general
purpose digital computers and in stored program con-
trolled communications switching systems.

Despite an educational background in science or engi-
neering, considerable difficulty is usually encountered by
those undertaking the study of stored program controlled
systems in acquiring a rational apprehension of the cor-
relation between the esoteric program format statements
fed into the machine and the steps leading to the tangible
results achieved through the

and more
teaching both the program-

adequate for this purpose, the use of a commercial com-
puter for demonstrations does not provide an adequate
solution because the machine tends to overwhelm the
novice with its speed and complexity. The fact that the
internal information processing subassemblies of com.
mercial digital computers are generally inaccessible creates
a still further barrier to the achievement of this under-
standing. The need has accordingly been perceived for a
stored program digital computer teaching machine ca-
pable of operating at speeds and in a manner more direct-
ly related to the educational needs of the student than to
the data processing rate expected of a commercial cal-
culator designed to process a great amount of data in a
minimal amount of time.

Accordingly, it is an object of the present invention to
provide a word-organized digital computer especlally con-
structed so as to be operable almost from the outset by
a novice programmer and which is arranged to demon-
strate to the student the significance of the steps he has
taken in directing its cperation.

Another object of the present invention is to provide
a teaching machine for digital computer programming
which affords a sufficiently comnrehensjve repertory of
programming instructions to challenge the intellectual ca-
pabilities of programmin g students,

It is still another object of the present invention to pro-
vide a machine which simulates the operation of a large,
complex commercial computer on an economical and
compact basis.

The foregoing objects are achieved in one illustrative
embodiment of the present invention by operating an
animated block diagram display of the internal informa-
tion processing elements of a stored program controlled
system, selectively, in accordance with the information
contained in, moving about, and acted upon by the tutori-
ally significant information processing subassemblies of

execution of these insirie- ,
tions. While conventional teaching tools tend to be in- °
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the system. The functioning of the computer is controlled
by a multiphase clock which selectively supplies operating
grounds to the order word decoder in such a manner that
the constituent steps of each order are executed during
sufficiently diverse times to permit the informaticn con-
tents of, and information flow among, the computer’s in-
lernal elements to be observed for a tutorially significant
interval. In addition, a diagram of a communications
switching network which represents the tangible product
of the instruction processing executed by the machine is
provided so that the information content of the general
purpose registers of the computer may be given in an
environment familiar to the particular class of program-
ming students being instructed.,

In the illustrative embodiment of the present invention
the internal information processing elements are depjcted
following the format laid down in the central control cir-
cuitry of the copending application of A. H. Doblmaier,
R. W. Downing, M. P. Fabisch, J. A. Harr, H. F. May,
J. 8. Nowak, F. F. Taylor and W. Ulrich, Ser. No. 334,-
875, filed Dec. 31, 1963. For tutorial purposes, however,
& number of departures have been made. Since the pres-
ent invention is concerned with the education of pro-
gramming students, a number of displays controlled by
the stored program techniques being demonstrated have

cen supplied. The displays as well as the mternal in-
formation processing elements of the system are accord-
ingly selectively controllable in accordance with 3 plurality
of especially predetermined program order words, Thus,
in addition to accomplishing the usual logical and arith-
metic functions expected of a stored program digital coni-
puter, the apparatus of the present invention executes
programmable display instructions which are designed to
Convey to the student the significance of the steps which
his instructions have ordered the machine to execute. A
plurality of general purpose registers is provided whose
memory elements control respective lamps to indicate
their respective information contents. Different combina-
tions of the memory elements of these general purpose
registers are connected via switches selected and operated
in accordance with program instructions to control] the
operation of a communication network switching display.
Individual bits of these general purpose registers may be
selectrvely masked to control functions in the communi-
cations display network which have tangible communi-
cation switching significance. Tha general purpose regis-
ters are arranged so that each controls a corresponding
portion of the communication switching network func-
tions,

According to one aspect of the present invention,
apparatus is provided for executing a plurality of unique
network display control instructions. Four such instruc-
tions are available for use with the communication switch-
ing network display and four corresponding instructions
are available for use with a general information display.
The first of these instructions places the network display
selectively under the control of one of the general purpose
registers after performing an optional logical function
based on the information content of another of the gen-
eral purpose registers. In the list of instruction formats
hereinafter described, display instructions having the
letter P in the format statement control the apparatus to
compute the logical product of data information contained
In the statement with the contents of the specified one of
the general purpose registers. Instructions in the table
appearing hereinafter containing the letter U in the instric-
tion format statement compute the logical union function
of the data specified in the format statement with the
information contained in the peneral purpose register
specified in the statement. Output display orders contajn-
ing the letter S in the format statement operate apparatus

which prevents the computer from advancing to the
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next order in the program store until manually commanded
to do so by the instructor or student operating a cord
switch for this purpose.

According to another aspect of the present invention,
apparatus is provided for responding to transfer instruc-
tions not only to alter the address contained in the pro-
gram addressing circuitry to find the next instruclion
out of the normal sequence in which they are stored in the
program memory, but also to selectively remove pre-
determined ones of the displays. In this manner network
operations controlled by the stored program central con-
trol apparatus may be selectively studied as they are
undergoing changes without the need manaually to dis-
connect the functional subassemblies responsible for the
execution of the instructions.

It is a feature of the present invention that a stored
program controlled information processing system con-
tain a plurality of general purpose registers which
normally display their own information contents and
which, at program order determined times, animate a
tutorial display corresponding to prearranged combina-
tions of the information bits displayed in these registers.

1t is another feature of the present invention that a
stored program controlled information Processing  Sys-
tem provide means for selectively releasing the animated
tutorial display from the control of the prearranged
groupings of register display Dits in accordance with
programmable instructions therefor.

It is another feature of the present invention that a
stored program controlled information processing System
be provided to execute a variety of display orders, logi-
cally related to the conients of the program order and
of specified ones of the peneral purpose registers.

The foregoing and other objects and features may be-
come more apparent by referring now to the following
detailed description and drawing in which:

FIGS. 1 and 2, taken together with FIG. 3 show an
Mustrative emboediment of a stored program controlled
information processing system which is selectively
animated in accordance with program instruction for
tutorial purposes;

FIG. 4 shows how FIGS. 1 and 2 should be arranged;

FIG. 5 shows how FIGS. 6 through 22 should be
arranged to depict one specific illustrative embodiment of
my invention;

FIG. 6 shows the program store, program memory
access and order word register;

FIG. 7 shows the program address register;

FIGS. 8 and 9 show the temporary MEMmMOry (call
store) registers together with the write-in access and
insertion logic circuits;

FIG. 10 shows the ALA register;

FIGS. 11 and 12 show the decoder logic and time
clock buses;

FIG. 13 shows the gating between the storage contacts
of the register relays and the unmasked bus;

FIG. 14 shows the scanner jogic and scanner register
relays;

FIG. 15 shows the general purpose registers and
input from the masked bus;

FIG. 16 shows the mask and complement logic;

FIG. 17 shows the rotate logic;

FIG. 18 shows the clock and mode selection control
circuttry,

FIG. 19 shows the display control circuitry;

FIGS. 20 and 21 show the logic arithmetic unit;

FIG. 22 shows the transfer logic circuitry; and

FIGS. 23, 24 and 25 show the connectlons for the
gating, register, and communications switching network
display lamps of the illustrative embodiment.

Referring now to FIGS. 1 and 2, there is presented
the illustrative embodiment of the animated block
diagram display of the ‘nternal information processing
clements of the stored program control system of the
present invention. The block diagram is arranged so that
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each functional subassembly of the stored program con-
trol system contains lamp displays which permit the
transfer, processing, and contents of information con-
tained in the system to be observed and studied from the
programmiing viewpoint. 'To illustrate the operation of the
block diagram in demonstrating an illustrative computer
program, a program for processing calls in an electronic
communications switching system will hereinafter be
described.

The basic structural elements of the communication
switching system which is controlled by the information
processing unit of FIGS. 1 and 2 are shown in FIG. 3.
Telephone subscriber stations are schematically indicated
at letlers A, B, C, and D at the left of the line link
neiwork LLN. Trunk equipment 1s indicated at the right
of the trunk link network TLN. Paths within the line link
network are given display lamp numbers 1 through 8 and
those within the trunk link network are given display
lamp numbers 9 through 18. The information processing
equipment of the program controlled circuitry will as-
certain the state of each of the telephones at A through
D and control the states of the connections indicated at
display lamps 1 through 18. All of the circuit conditions
are representable in binary form. Thus, telephone sets
A through D are, at any time, each either on-hook or off-
hook, and the paths 1 through 18 are, at any lime, idle or
busy. Their instantaneous states accordingly can be repre-
sented by the binary digits O and 1. To emphasize the
correlation between these elements of FIG. 3 and the
binary contents of the ganeral purpose registers X, Y, and
7, and of the scanner (data) input registers SC¢ and
SC1 in FIG. 2, the information display lamps of these
registers have been numbered 1o correspond to the simi-
larly lettered and numbered equipments and paths of
FIG. 3. In accordance with the operation of the illustra-
tive embodiment, the registers of FIGS. 1 and 2 always
display their instantaneous information contents whereas
the information display lamps of FIG. 3 are selectively
controlled in accordance with the stored program to 1n-
dicate the specially grouped contents of the information
of the SC@, SC1, and X, Y, and 7 repisters only at pro-
gram order determined times. Thus, scanner register
SCO has its 0, 1, 2, and 3 bit positions labeled A, B, C,
and D, respectively, corresponding to the four telephone
stations shown on FIG. 3. Scanner register SC1, on the
other hand, has its bit positions 0 through 5 labeled re-
spectively CDPR, RNG, AUD, OPR, ]2, and J1. The ©
through 5 display lamp bit positions of X repister 219
correspond to network paths 17, 13, 8, 6, 3, and 1. Dis-
play lamp bit positions 0 through 5 of the Y register 215
control respectively paths 10, g9 7,5 4, and 1. Display
lamp bit positions 0 through 5 of the Z register 216
control respectively network paths 18, 16, 15, 14, 12, and
11. Accordingly, it is seen that the SCO register 214 moni-
tors the state of telephone stations A through D. Likewise,
SC1 register 215 monttors the state of the control trunks
connected to the trunk link network and the junctor con-
nected to the line link network. X register 219 deter-
mines the state of the line link network paths from tele-
phone stations to the trunk link network and also the
trunk link network paths for the customer’s dial pulse
register CDPR. Y register 218 determines the states of
the line link network paths for connecting the telephone
stations to the junctor and the trunk link network paths
for the dial pulse transmitter and the outgoing trunks.
Register Z determines other miscellaneous trunk link net-
work paths.

Of the registers so far discussed, it should be pointed
out that registers SCO and 5C1 are the so-called scanner
registers, the individual bits of which are instantaneously
controlled by the corresponding states of the monitored
apparatus. Accordingly, the SCO and SC1 registers repre-
sent the data input Lo the sysiem. On the other hand, the
contents of the X, Y, and Z registers, as instructed by the
stored program hereinatier 16 be described, represenl
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the control output of the sysiem. With the input and the
output of the system thus defined in reiationship to a
system having a physica] existence apar{ from the gen-
eral purpose information processing element of the SVS-
tem shown in FIGS. 1 and 2, the operation of the pro-
gram coniroiled circuitry may now be exnlained.

The list of progsram orders capabie of being executed
by the information processing system shown in FIGS. 1
and 2 are given below in Table I of the Appendix hereto
which lists the symbolic desiznation of the order and
the corresponding binary form thereof. It will be seen
that the binary format of each order is g 17-bit word.
Bits 1 through 6 of the orders are typically used for desiz-
nating the data address portion and {he letier symbol w
in the table for anv order is to be franslated into a 1 or
a 0 in accordance with the particular data address to be
designated. The symbols p, e [, I and ¢ similarly are to
be replaced by binary 1’s or 0's in accordance with the
oplion specified in the instruciiton format statement., The
instruction format statements are defined in Tables Iil,
IV and V. The letters r1 through r6 and the letter ¢ are
to be replaced as shown in Tabl= I1.

In an illustrative embodiment of the invention, pro-
gram store 180 cortains 4 punched cards, each having
Il rows and 17 columns. For each such card in the pro-
gram store, there is a corresponding 11 x 17 array of
switches, one switch for each hole pesition on a card.
When a card is inserted in its corresponding array of
switches, it causes the switches to remain open where
holes have been punched in the card and to be closed
where no holes have been punched. The tl{ustrative pro-
gram store has a capacity, accordingly, of 44-word loca-
tions. The selection of a particular word location is made
by program access circuit 196 in accerdance with a 6-bit
word furnished it by program adidress regisier 105. The
decimal equivalent of the binary address furnished by
program address register 185 is displaved in octal display
106-1. This supplements the binary display of the ad-
dress exhibited on the six regisier bit display Inmps of
program address register 145,

The order word read out of program store 100 is regis-
tzred In order word register 108. The register bit display
iamps of order word reeister 108 are numbered cach to
cotrespond to a particular bit of the order word. As
shown in FIG. 1, bits 1 through 6 of order word register
108 are grouped as the data address, “I3JA” bits. These
bits are transferred to ALA register 109 when gate DALA
1= enabled. Bits 7 through 17 of the order word are trans-
ferred from order word register 108 to decoder 115, at

the same time that gate DALA is activated. The transfer ;

of information among the various functional subassem-
blies illustrated in FIGS. 1 and 2 and the operation of
each of these subassemblies is controlled by decoder 115
wiich executes the instructions furnished it by the order
word register under control of clock 103, Clock 103 fur-
nishes operate signals to decoder 115 during each of four
time phases TO throuch T3. The existence of a particular
time phase is indicated by the iflumination of the corre-
spondingly designated clock phase indicator lamp. The
manner in which the particular clock phases control the
decoder in turn to control the gates transtferring informa-
tion between functional subassemblies so that the oper-
ation thereof is meaningful to the student may become
more apparent from the description of an illustrative
Program sequence. Before embarking on this aescriniion,
a brief outline of the funciional subassemblies depicted in
FIGS. 1 and 2, which have not yet becn mentioned, may
be of some assistance.

The above-referred to program address register 105 is
connecied by gate PARAL to add-one logic circait 101
which in turn is connected to AL register 104, Add-one
logic circuit increments the count existing in program
address register 105 by 1 to furnish AL register 104 the
address of the next instruction. Alternatively, AL register
104 may, on a subsequent phase of clock 133, have gate
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LAAL(2Z) activated to furnish it with an address from
LA register 201 (FIG. 2) in accordance with instructions
contained in the program order statement. During the
appropriate phase of clock 103, gate ALPAR is activated
to insert the correct address in program address register
105.

As mentioned above, ALA register 109 receives the
address portion of the instruction from order word regis-
ter 108. On another phase of clock 103, gate KQ may be
activated to insert the contents of K register 204 into ro-
tate logic circuit 111. On this phase of clock 103 ALA
register §09 will have the contents of the K register, as
modified by the state of roiate logic circuit 111, entered
Into it. Accordingly, ALA register 109 serves the dual
purpose of receiving the output of order word register
108 or the output of rotate logic circuit 111.

Also shown in FIG. 1 is unmasked bus 118 which con-
tains 6 conductors to enter the contents of any of regis-
ters SCO, SC1, B, X, Y, Z, I, I, K of FIG. 2 into masked
bus register 112, depending upon which of the associated
gates SCEB, SC1B, BRUB, XB, YB. ZB, JB, LB, or KB is
activated on the appropriate phase of clock 103, Unmasked
bus 110 also mav receive the output of AL register 104
when gates ALUB(1) and ALUB(2) are activated. In
addition, unmasked bus 110 may receive the output of
LA register 201 under program orders directing the acti-
vation of gates LAUB(1) in FIG. 2 and LAUB(2) in
FIG. 1. Each of the X, Y, Z,J, L, and K registers of FIG.
2 are available for seneral program purposes and regis-
ters X, Y, and Z are available for operating the tutorial
display of FIG. 3, as alluded to above, and to be more
particaiarly described hereinafter, Registers SCO and SC1
are data input registers the status of each of which is de-
termimed by the states of the supervised lines and trunk
circuits of FIG. 3. or alternatively, by g pluralily of
dividual selection keys shown in FIG. 6.

The contents of MB register 112 and ALA register 109
are inserted into logic arithmetic unit 202 by the activa-
tion of gates MBLAU and ALALAU, respectively, Logic
arithmetic unit 2082 performs the logic functions of arith-
metic addition, logical product, logical union or exclusive
union as instructed by the program order word and illu-
minates its correspondingly designated one of display
lamps ADD, AND, OR, or EXC. The result of the oper-
ations performed by logic arithmetic unit 202 are entered
into LA register 201 upon the activation of gate LAUILA.,
As instructed by the program order word, LA register
201 may have its contents entered into masked bus 205
by the activation of gate LAMB. Alternatively, the con-
tents of LA register 281 may be selectively entered into
B register 206 by the activation of gate LABR, into ment-
ory select register 207 by the activation of gate LAMS,
into unmasked bus 110 by the activation of gates LAUB
(L.2), or into AL reeister 104 by the activation of gates
LAAL(1,2). Under control of the program order word,
insertion logic circuit 209 may be seclectively activated to
modify the word being entered into the R register 206 in
accordance with the information in L reeisier 288, For
each bit position of the L register in which a binary 1 is
stored, the corresponding bit contained in LA register
291 1s gated into the corresponding position of B repister
register 206 remains unchanged. The existence of the
binary 0 is stored, the corresponding bit position of B
rebister 286 remains unchanged. The existence of the
insertion instruction in a program order is indicated by
the illumination of display lamp EL of insertion logic cir-
cuit 209 whenever the insertion logic circuit is called into
operation on the appropriate phase of clock 103.

The activation of gate TLAMS conveys only the infor-
mation stored in bit positions 0, 1, and 2 of LA register
201 into memory select register 207. Only three bits are
required in the illustrative embodiment because cal? store
200 has a capacity for only eight words. The binary ad-
dress contained in memory select register 207 is trans-
ferred to call store access circuit 210 to select the cor-
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responding word stored in the call store. It will be ob-
served that the 0 bit of word 0 in call store 200 is desig-
nated as the “last look™ memory spot and is given the
designation (LL) in the drawing. Similarly, bit positions
1 through 5 of word 0 are designated “timer” and the
6-bit positions of word 1 are designated “pulse counter.”
The significance of these designations will become morI¢
apparent in the description of the illustrative call process-
ing program following hereinafter.

While the arrangement of the functional subassemblies
depicted in FIGS. 1 and 2 has kecome apparent frem the
Jhove discussion, the programming stucent must be en-
abled to take the steps required to correlate the program
format statements such as those showrn in Table I, which
statements to the novice programiner appear more ot
less esoteric, with the functioning of the apparatus indi-
cated in FIGS. 1, 2 and 3.

To assist the programming student in accomplishing
this {ransitional phase of his education a number of
special program display ‘nstructions are available to be
specified by the programming 1nstrucior who may also
selectively control the operation of the functional sub-
assemnblies of FIGS. 1 and 2 by manually controlling the
operation of clock 103. With equally advantageous results
the programming student himself may exert the same
control as the programming 1ostructor would exert for
demonstration purposes.

Other departures from practices which would be fol-
lowed in implementing conventional computer technology
o arrive at a machine capable of processing large
amounts of data in a short time for high speed com-
putational purposes, but which are unsuited for tutorial
purposes, may now become apparent from a inspection
of FIGS. 1 through 3. For example, it will be noted
that the program address register has a 6-bit capacily
theoretically capable of designating 64 program words
in program store 109, whereas the call store 200 has
capacity for only 8 data words. Since the object of the
present apparatus 1s to familiarize the student with stored
program control rather than to process vast amounts
of data, the machine has been designed to afford great
flexibility in demonstrating examples of programming
statements and in maintaining the distinction between the
programming instructions and data words, thus obviating
one of the confusing aspects of peneral purpose com-
puters in which the general memory serves to store both
program instructions and data words,

Another aspect of the illustrative embodiment shown
h FIGS. 1 and 2 is the manner in which the operation
of program address register 105 1s implemented, on the
one hand, automatically by the gating of the output of
add-one logic circuit 101 1nto AL register 104, and, on
the other hand, under program conirol by the gating of
the output of LA register 201 into AL register 104, The
demonstration of the execution of these alternative
methods of address computation on distinct phases of
clock 103 serves the tutorial purpose of enabling the
student to grasp these distinct concepts of instruction
address computation,

One of the salient tutorial aspecis of the present n-
vention, briefly alluded to above, was fiexibility in demon-
strating a variely of program instructions besides afford-
ing the student the opportunity to observe the operauon
of the various functional subassemblies of FIGS. 1 and
2. During the execution of convenlional program instruc-
tions, the apparatus of the present invention 1S program-
able selectively to display its control of the communica-
tions switching network of F1G. 3. To accomplish this
function, instructions which may be symbolically repre-
cented as PWN(R) and UWN(R) are provided. The
binary format of the statement is given in Table T and
the execution description of the statemest is given 1n
Table III. The presence of a variable element in the
symbolic order column of Table 1 is indicated by plaving
{hat clement in parentheses.

In the symbolic order
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PWN(R) the variable element R is to be replaced by
specifying one of registers X, Y, Z, or K. In the binary
arder format of this instruction the particular register
desired is designated by the values of r2 in bif positions
i3 and 14, as indicated in Table 1l In Tuble V the sym-
bolic order PWN(R) is illustrated in the form PWINX.

Also indicated in the execuilon descripticn, Table V, are
the leiters D2, R3 which indicate respectively a data
word that may be inserted in bit rositions 1 through 6
of the order and an index register which may be specified
by the values of ré in bit positions 10 and 11 of the
binary order Table 1. 'Ine order UWNX is similarly
represented in Table V. The difference between orders
PWNX and UWNX is that the former computes the

logical product of the word specified at D2 (bits 1-6 of
the binary order format) with the conients of the index
register specified at R3 snd inserts the result in register
X, whereas the latter exccuies the OR funciion with the
contents of the data word at D2 and the contents of the
index register at R3, eniering the results of the logical
union into the X register. If the order PWNK D2, R3
is specified, the logical product of D2 with the conients
of R3 replaces the contents of the K register, but the
contents of the X register remains unchanged. As indi-
cated in Table V, specifying the X or K register in the
symbolic order causes the X regisier to exort control
aver the network. On the other hand, specifying registers
v or Z in the symbolic format will cause ihe respectively
designated Y or Z regisier io control the network.

Once the network display has been placed under the
control of the X, Y, or Z register it remains so until
control is removed by an order of the TUN type. This
serves the important tutorial furiction of allowing the X,
Y, and Z rvegisiers 1o continue serving their general pur-
pose functions, at the same time displaying their infor-

~ation contents under the control of clock 143, However,

<ince their contents do not always represent nelwork
display functions, these registers are isclated from the
network display by the TUN type of order. Accordingly,
the student and instructor are provided with a method
of checking, in a tangible manner, the contents of the
X, Y, and Z registers at appropriate peints in the pro-
gram to sce whether their contents corresponds 10 the
desired type of control over ihe network. The signilicance
of the manner in which the apparatus of the illustrative
embodiment executes the iastructions of Table I may
become more apparent by referring to a sample call
processing program designed to activate the display of
FIG. 3 at appropriate points in the program where in-
structions having network significance can 0e suitably
demonstrated.

The above-referred to display instruction PWN{R) will
now be described for the case wherein the binary variable
(R) is replaced to specify register X as the ultimate
repository of the information. During phase T0 of clock
103, the address in program Siore 160 of the instant in-
struction is inserted 1nto program address registcr 105 as
indicated by the illumination of gate display lamp ALPAR
and the address information 1s inserted into program
store access circuit 106. Program store access circuit
106, in response to the receipt of the address, causes
program store 100 to insert the order word corresponding
to the address into order word register 108, The DA por-
tion of the order word comprising bits 1 through 6 is In-
certed into ALA register 109 and gate display lamp DALA
's iiluminated. Let it be assumed that the data word and
index register specified with the instruction are 111100, K,
respectively. The ALA register display lamps will be 1l-
luminated to display the pattern 111100, Gate display
Jamp KB will be illuminated and the contents of K register
204 wi!l be gated onto unmasked bus 110. The contents of
the K register bils will be displaved on display lamps UB.
Simultaneously, gate display lamp UBMB will be iilu-
minated and the unmasked bus will be connected to M
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register 112 and the display lamps of the latter register
will display the contents of the K register. Also during T8,
gate display lamps MBLAU and ALALAU will be il-
luminated, indicating the transfer of the contents of the
MB register 112 and the ALA register 109, respectively,
inte logic arithmetic unit 262, Display lamp AND of
logic arithmetic unit 202 will be illuminated to indicate
the forming of the logical product of the contents of the
ALA and MB registers. This logic product is entered into
LA register 261 as indicated by the illumination of gate
display lamp LAULA. LA register 201 will now display
on 1ts dicplay lamps the logical product of the contents
of the ALA and MB repgisters.

During clock phase T1, the contests of LA register 281
is gated to unmasked bus 110 as indicated by the illumina-
tion of gate display lamns LAURB(1,2). The unmacked
bus is connected to the MB register as indicated by the
illumination of gate display lamp UBMB and the content
of the LA register accordingly appears in MB regizter 132,

During clock phase T2, the ALA register 109 contains
no information inasmuch as it 1s released following the
¢ phase. The contents of the MB register 112 is gated
into logic arithmetic unit 202 as mdicated by the illumina-
tion of eate display lamp MPLAU. Tn addition, display
OR of logic arithmetic unit 233 1$ Hluminated to jadicate
the logical union function cf the contents of the ALA
reg:ster 109 and MB register 1282, The result of thi- logical
union, i.e., the contents of the MB register unchangzed, is
cnizred into LA regisier 201 as indicated by the illumina-
tion of gate display lamp LAULA.

During clock phase T3, the contents of T.A register 20
1s gated into X register 249, as indicated hy the Humina-
tion of ecate dispiay lamrs LAMB and BX. In addition,
the 8 and H dizplay lamps are set according to the sign it
of LA register 201 and according to the homogeneity of
the information contamzd in the LA register. When the
information is entered into the X register, display NO is
illuminated. Disrlay NO comprises paths 1, 3, 6, 8, 13
and 17 in FIG. 3. These displavs are sclectively illuminatod
in accordance with the conients of bits 0, 1, 2, 3. 4, and 5
of the X repister.

From the foregoing description of the display instruc-
tion PWN(R) on the various phases of clock B3, it is
seen that on clock phase TO the student is shown how an
Instruction address js utilized to ecall an Instruction from
the program store. how the specification of an index
recisier resulis in the contents of that register being
rezister resuits in the contents of that register bein g entered
mnto MB resister 112, and how the DA portion of an
order word is entered into ALA register 109, Fhese func-
tions are common to al arders executed by the apparatus
of the illustrative embediment. In addition, duiing the T9
rhase of clock 103 occurring during the execution of the
PWNX tyre of order, the studsnt is shown how the
specifying of an index register (index register K in the
LHustrative example) results in the contents of tha! register
being entered into MB register 112 preparatory to formine
the logical product in logic arithmetic unit 202 of that
information with the contents of the ALA register. The
student is also shown how, cn phase I'l, the contenis cof
program address register 105 is incremented by the op-
eration of add-one logic circuit 161 and how the incre-
mented result is placed in AL register 104, This operation
occurs on all orders executed by the illustrative embadi-
ment. In addition, during the TI phase of the execution
of the PWN(R) type of order, the student js shown how
the contents of the LA register is restored to the MR
register preparatory to forming the logical union on the
ensuing clock phase, T2, of the contenis of the MB
register and the ALA register. This display of the internal
processing by the functionn] sitbassemblies on tutorially
distinct phases of clock 143 demonstrates to the stitdent
row the varions functional subassemblies may be reuqed
for entirely different purposes on different clock phases.
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During clock phase T3, the student is shown, by the il-
lumination of the aforementionad displays, how the in-
formation in the LA register is entered into the X register
and, simultaneously, the control which the X register
¢xerts upon the network display of FIG, 3.

As mentioned above, once the network display of FIG,
3 has been placed under control of any of registers X, Y, or
Z of FIG. 2, the network remains under control of that
register unless an order is executed to divorce the network
from stch control. The provision of structure to execute
such “undisplay” instructions is a significant tutorial fune-
tion of the instant apparatus Inasmuch as the X Y,and Z
registers (as well as the K register, if so specified) con-
tinuze to display their instantaneous iaformation contents
on subsequent phases of clock 103, while the network of
FIG. 3 is divorced from control of these registers until
they contain information proper to be displayed. In this
manner, the X, Y, and Z registers may be emploved for
general Information processing during all phases of clock
163. However, when required by the specification of a
PWN(R) type of order, the appropriate register will con-
trol 1its corresponding paths in FIG. 3. Thereafter, the
execution of a TUD type of order will divorce these
registers from control of the network so that they may be
used for general information processing purposes.

The execution of the TUD type of order is accom-
plished on respective phases of clock 183 as follows: dur-
ing phase T, the above-mentioned functions which are
generic to the execution of all orders are accomplished.
In addition, the contents of ALA register 189 and the cop-
teats of MB register 112 are gated into logic arithmetic
unit 282 as demnnstrated by tiie llumination of goie dis-
nlay lamps ALALAU and MBLAU, respectively, At this
time, display lamp ADD of logic arithmotic nait 262 s
Uluminated to demonstrale that it is forming the arith-
metic som of the conicents of the MB and ALA reoisters,
The result of the operation of logic arithmetic unit 262
is eniered into LA register 261, as demonstrated by the
ilumination of gate display lamp LAULA

The significance of the sfeps executed during phase T0
of the TUN type of ordes 15 that the data word indicated
al AZ in the execution description of the statement s
arithmetically added to the contents of the index register
indicated at R1 in the execCution description of the state-
ment. This arithmetic sum of data address plus contents
of index register is aiven the symboljc designation p, Dur-
ing clock phase T1. the contents of AL register 104 is
gated to unmasked bus 118 as indicated by the illumina-
tion of gate dispiay lapips ALUB(1,2) and the mforma-
tion on the vnmasked bus is gated into MR register 112,
as idicated by the illumination of gate display lamp
UBMB. The significance of the operations execuied dur-
ing phase T1 of this order is that the contents of the nro-
gram address register 105, ag incremented by the oper-
ation of add-one logic circuit 101 is entered info M3 ree-
1sier 112, This information wiil be used during clock phase
T3. No onerations are executed during clock phase T2 of
the undisplay order. During clock phase T3, the contents
of the LA register is gated into AL register 194, as indj-
cated by the Hivmination of gate  display  lamps
LAAL(TL,2). If the bmary variable T was spectfied in the
exccution descrintion of the statement for this instruction
(bit position 7 of the Dinary format) the conients Of the
MB register is entered infe } register 212 during clock
phase T3. The enfry of the incremented program store
address info the J register serves the purpose of return ad-
dress saving., Return address saving is a programming
option available with the TUN type of Instruction and
permits transfer to the adcress desionated by the conten:g
of the AL register, while at the same time maintaining in
the J regisier the address of the nexi seguential mstruction
In the program store should it be desired for use in exe-
cuting the remainder of the program. In addition, there is
€xeclted during the T3 phase of the undisplay crder, ia-
sirictions to the display control circuitry for FIG, 3,
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which are instruclions selectively to cancel the displays.
is siven. If all three binary digits are binary “1’s,” all ihree
nary digits immediately following the symbolic designa-
tion TUN. In Table I, the TUN order is written in the
symbolic formal TUN(XXX). Referring to ithe binary
order format expansion of this symbolic order it 15 seein
¢hat the X’s are to be replaced by binary zeros and ones
in bit positions 12, 13, and 14 of the instruction. In Tablz
IV, an example of the TUN order is given as TUNIEY
A2, R1, J. In the note accompanying Table iV, the sig-
nificance of the six permutations of the underlined digits
is given. If all three binary diets are binary “17s,” all inree
displays are remaved. It will be recalled that the displays
respectively designated N, NI, N2 are controtied, re-
speciively, by the contents of the X, Y, and Z registers.

The TUD instruction is similar to the TUN nstruciion
except that it controls the plurality of general purpose out-
put display lamps (not shown in FIG. 3) whose functional
designaitons niay be assigned as desired by the instructor.
Similar remarks apply to the display instructions PWDRX
and UWDX in Table V.

In addition to the foregoing display instructions, there
are listed in Table V, display instructions whose symbolic
format includes the letter 5. Threse instructions, when exe-
cuted, cause the processing of the apparatus to stop after
executing the functions of the T3 phase of clock 103. 1t
will be noted in the illustrative program statements of
Table V that the S insiruction is only inciuded for the
general purpose dispiays and none has been included In
the network display instructions. The purpose of this was
to demonstrate that, in the anticipated operation of the
Hlustrative communication switching network of FIG. 3,
all operations take place without a stop. However, the not-
work instructions for FIG. 3 may de maodified by includ-
ing a stop instruction, even though this would not crdi-
narily be characteristic of the functicning of the com-
munication switching system depicted. By referring (o
Table 1, it will be seen that the display instructions con-
taining the letter S differ from the remaining display n-
tructions in that bits 12 and 7 are “1” and 0,7 respec-
tively. In the illustrative embodiment, as more particu-
larly diagrammed in FIG. 19, bit 12 serves to transter
the display control from the Stustrative network of FI1G.
3 o the general purpose display, not shown in FIG. 3.
1t 7 serves the purpose of oxtending a stop signatl path
to the clock, It will be appreciated that by regrouping the
combination of the circuits controlied by these bits, a stop
order can readily be synthesized tor use with the com-
munications switching network. This feature might be of
advantage where the instructor is delivering a lecture con-
cerning the operation of the communications switching
sysiem and desires the system to execute a numbeyr of
program steps up to a given point and then stop while re-
taining the display illuminated until he has progressed in
his talk to the state indicated by the illuminated diagram.
On the other hand, with equally advantageous resulis,
clock 103 may be manually controlied to advance through
each of its four clock phases T0 through T3 as many
times as required to reach the desired point in the pro-
gram. With the foregoing general description understood,
't will be advantageous now to describe the illustrative call
processing program.

The call processing program involves the scanning of
each of the input bits capable of being monitored by the
system and taking appropriate action whenever the bits
indicate the presence of certain information.

The first order in the illustrative call processing pro-
cram 18

(00) WK 0,5C¢,C

This order, which is of the general format WX D1, R2,
PLC as defined in Table 11 of the Appendix hereio, 18
executed as follows: on the TO phase ot clock 183, FlG.
1 eate display lamp ALPAR 13 Htuminated and the con-

ents of AL register 164 is gated Into the program address
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register 105. Program address register 165 controls the
program access circuit 186 to select the iistruction 1n pro-
eram store 100 corresponding to the address registered
in register 105. Simultancously with the entry of the ad-
dress in access circuit 166, the decimal equivalent of the
Linary address is displayed 1n actal number display 106-1.
An order word is thereupon read out of program store
100 into order word recgister 168. Gate display lamp
NALA is illuminated, and the data-address (DA) poriion
of the data word centained in order word register 168 18
entered in ALA register 169, Simultaneously, gafe dispiay
lamp SCOR is illuminated and the contents of scanner
reaister SC8 18 gated to anmasked bus 1149, displayed on
lamps “UB,” and registered in MB register 112. Gate dis-
play lamps MBLAU and ALALAU are illominated and
the contents of the MB and ALA registers are gated 1nto
(he logic arithmetic unit 262 which illuminates its ADD
lamns and perfarms the ~rithmetic addition of the con-
tente of the aforementioncd two regisiers. Gate display
tamp LAULA 18 Tluminated and the sum is entered into
LA repister 201. At the ond of clock phase TO, LA 1€g8-
oter 281 accordingly contains and displays the arithmetic
cum of D1(=90) and indeX repister R2(=5C0).

During clock phase T1, gate display lamps 1.AUB(1, 2)
are illuminated and the contents of LA register 201
is gated to unmasked bus 110. Since the binary vari-
ahle C is specified in the crder description, mask and
complementing logic circuitry 113 forms the complement
of the information on bus 110. Lamps C and UBMB are
tuminated and the information is entered into MO reg-
iar 112, Also during clock phase T 1, gate display lamp
D ARAL is illuminated and the contents of the PAR reg-
ister, incremented by 1, 18 entered into AL register 104,

At the conclusion of the TO phase described above,
the contents of the ALA register, atter being entered 1to
the LA register, is erased. Accordingly, at the beginning
of the T2 phase, the contents of the ALA register is 0.
During the T2 phase, the logic arithmetic unit 202 per-
forms the OR function (logical union) with its inputs
heing the contents of ALA register 109 and MB register
112. Since the contents of the ALA register is (0, the con-
tents of MB register 112 18 entered into LA register 201.

During the T3 phase of clock 103, the contents of LA
register 201 is gated into K register 204 and the S and H
flip-flop display lamps are set according to the sign and
homogeneity respectively, of the word in the LA register.

During the T0-T3 phases of the execution of the fore-
going order, it 1S seen that each of the SC0, PAR, ALA,
MB. LA, and order word registers displays 1ts information
contents. In addition, the gates associated with the transfer
of information are selectively controlled to indicate their
respeclive states.

At this time, although there 1s information in the K
recister (which 1s displayved on the register bit display
lamps of the K register} none of the network display
lamps of FIG. 3 are illuminated.

The result of executing the first instruction is that the
status of telephone sets A, B, C, and D of FIG. 3, as de-
iermined by scanner register 5C0, has been stored in reg-
ister K. The status of these telephones is represented in
complementary form in order that the conditional trans-
fer specified in step (04) below may be accomplished,
i.e., transfer is based on the occurrence of a 0 in a spect-
fied bit of the K register.

The next instruction in the ilustrative
program 18

call processing

(01) TCAZ 00

This order is of the symbolic format TC(T) shown 1n
Table 1 where T represents a binary variable specified mn
hit positions 8, 12, 13, and 14 of the binary order format.
These four bit positions are used to designate any of the
ten conditions under which transfer is 10 take place de-
nending upon the permutations of the states of the sign
and homogeneity flip-flops, more particulurly maicated by
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the letter options in the center column of Tuble IV, The
order TCAZ specifies a transfer whenever the H fip-flop
lamp display is illuminated, i.¢., whenever the word in LA
register 201 is homogeneous. This occurs for the arith-
metic zero condition, all “§’s” or all “1’s” and hence, the
abbreviation AZ,

The order TCAZ 00 specifies the data address 00. Mo
index register i3 specified. Accordinsly, during the T3
phase of clock 103 the data address nortinn of the order
read out of order word register 108 is enfered infc ALA
register 189, gated therefrom into loeic aithmetic unit
202 and then gated unchanged into LA register 281, Dur-
ing phase T1 of clock 193 the contents of program ad-
dress register 195 incremented by 1 is entered into AL
register 104, and AL repisier 184, us indicated by the
illumination of gate display lamps ALUB{1.2) is pated
to unmasked bus 118 The informeation cn the unmasked
bus 1s entered into MB regisicr 112 as indicaied by the
tllumination of gate displuy lamip UBMB. No action takes
place during phase T2 of clock 103, During pliase T3, if
the staies of the S and H Lip-flop display lamps indicate
the arithmetic zero condition, i.c., all of the bits of the
LA regiiter are “0” or “1,” the conlents of LA register
201 1s entered into AL register 184 as indicated by the
lumination of gate display lamps LAAL(L.2). This
would occur under conditions where vone of stalinns
A, B, C, or D has originated a call, Under these circum-
stances, AL register 3184 has the address G0 entered into
it so that the next instruction to be entered into PAR reg-
ister 105 would be instruction 00 above. On tha other
hand, if the status of the S and H flip-flop display lamnps
1s such as to indicate cther than the arithmetic zero con-
dition, no action cccurs during clock phase T3.

The next order in the illustrative call processing pro-
gram 18

(02) WZ 100 01

This order which is of the gereral format WX, is similar
to the order in instruction (00). Specifving the binary
data word 100 001 determines that this data word shall
be entered into index register Z. Referring to FIGS. 2 and
3, 1t will be seen that bit positions ¢ and 5 of the Z rerister
are set at “17 by this order. No action ozcurs in FIG. 3,
however, because no display ins<truction has been given.
The significance of a binary “I” in these positions of the
Z register indicates that the corresponding paths of FI1G, 3
have been reserved, at least so far as register 7 is con-
cerned. These are the trunk link network paths required
for AUD-RNG conrections should teleplione A or B have
originated a call which was detected as the result of the
execution of program step (00).

The next step in the illustrative call processing pro-
oTam is

(03) WX 100 010

This order is of the same general format as orders (00}
and (02). Specifying the data word 100 010 to be entered
into the X register 219 reserves line lnk network and
trunk link netwark paths 1 ard 13 for CDPR connaction
to telephone A. The next instruction in the call NreCessing
program is

(04) TKB® 13

This order is of the symbolic format TKB(X) where X
1s a binary variable (specified in bit positions 12 13 and
14 of the binary format statement) indicating which of
the six bits of the K register shall initiate transfer o a
new instruction when that bit is “0.” As seen from Takle
IV, the transfer instruciion TKB® 13 dictates transfer to
program iocation 13 if bit 0 of the K register has the
bmary value “0” stored therein. During clock phases T8¢,
T1 and T2, steps similar to that tzken for the above de-
scribed execution of the TUN type of order are taken by
the functional subassemblics of FIGS. 1 and 2. During
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clock phose T3, if bit position @ of the K register has the
binary value 17 stored therein, no action is taken, How-
cver, il bit position § of the K register has the binary value
“07 stored thercin, the confents of LA register 201 is
ciitered inlo AL register 304 as indicated by the iliumina-
tion of gate display lamps LAAL(4,2). Since no index
register was specificd and since no return address saving
oparation was specified, the location of the transfer in-
struction is governed strictly by the data word 13. The
actunl enceding of the punched card will, of course, be in
binary form in bit positions 1 to 6 of the binary order
format statement of the instructions.

dhe next instruction in the illustrative call processing
program Is

(03) WX 010 010

This Instruction places the data word 010 010 into the
(X)) register to reserve in that register line link network
and trunk Iink network paths 3 and 13, respectively, to
connect castomer dial pulse receiver (CDPR) to tele-
phone set B

The noxt instruction s

(C6) TKD1 13

Th1s instruction indicates that transfer to program loca-
tion 13 shall occar if bit position 1 of the K register IS
"0 The significance of this sten in the illustrative call
processing program is to require transfer to mstruction 13
if telephone sct B has oricinated the call. As wili be re-
calfed from instiuction (00}, the originaticn of a call by
one cf the {clephone stations causes a binary “1” to be
stored m the corresponding bit position of register SCO.
However, since the contents of the SCH register is stored
12 the K register in compiementary form, the correspond-
1ng bit pesition of the K regisier will be “0” when the as-
sociated station has initialed a call. Accordingly, in in-
structions {04y aud (06}, transfer to program location
(13) occurs when the respsciive bit of the K remster is
dctected as being “0.”
The next instruction is

(07) WZ 001 100

This instruction causes the data word 0G1 100 to be en-
terod 1 Z resister 216, The entry of this word in the Z
register reserves trunk link network paths 14 and 18 which
are required for moaking connections of the AUD and
RING circuits if iclephone stations C or D have originated
the call.

The next instruction in the illustrative program is

(10) WX 001 001

This instruction enters the data word (001 001 into the X
register to reserve line link network and trunk link net-
work paths 6 and 17 which are reqguired to connect the
customer's dial pulse receiver CDPR to telephione sta-
tion C. |

‘i'ne ncxt instruction is

(11) TKB2 13

This instruction causes transfer to program location (13)
1f bit 2 of the K register is “0,” and signifies that transfer
to iastruction statement 13 shall occur if telephone sta-
tton C has orizinated the call.

The next instruction is

(12) WX 000 101

This instruction inserts the data word 000 101 into the X
register and reserves line link network and trunk hink
network paths 8 and 17 respectively, which are required
for conrection of customer dial pulse receiver CDPR to
telephone station D.
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The next instruction 1s
(13) UWNX 0,X

This instruction is of general symbolic format UWN(R],
where R is a binary variable designating one of the four
registers X, Y, Z, or K. The particular registers desited
(here rcgister X) is encoded in bit positions 13 and 14 of
the binary format statement. From the execution descrip-
tion of this instruction given in Table IV, it is seen that the
instruction enters the contents of the data word specified
at D2 (which in the instant order is 0) OR'd with the
contents of the X register into the X register and causes
the X register to control the network display ol FI1G. 3.
During phases T1 through T2 of clock 163, operatiorns
take place which are similar to those described above 1N
the case of the order PWNX. However, instead of logic
arithmetic unit 202 forming the logical product of the
contents of the MB and ALA registers, the logic arith-
metic unit performs the logical union function. Since the
data word specified in the instruction is 0, the contents
of ALA register 189 is 0 and the contents of the X register
remains unchanged. The network display of FIG. 3 now
is illuminated to illustrate the paths which have been
seized for use depending upon which of the teclephones
has initiated the call.

The next instruction in the illustrative call processing
program 1is

(14) WM1 000 001

This instruction is of the symbolic format WM (X)), where
X is a binary variable indicated in bit positions 7, 8§ and
11 of the binary format statement to designate one Of
the eight word locations in call store 200 into which the
data word specified D1 of the execution description 13
to be entered. Accordingly, the data word 000 001 will
be entered into word location (horizontal level) 1 of the
call store. This level of the call store is labeled “pulse
counter” in FIG. 2 and the entry of the data word initial-
izes the pulse counter. Pulses are counted by rotating
the 1-bit to the right one position for every pulse counted.
In executing the order WM1, etc., during phase TG, the
contents of the ALA and MB registers are entered into
the LA register. Since no index register is specified In
this type of order the MB register will have received
nothing from any of the index registers and accordingly
logic arithmetic unit 202 in performing the arithmetic
addition of the contents of the ALA and MB registers
merely enters the data address portion of the instruction,
i.e., the data word 000 001 into LA register 201. Dhuring
phase T1 of clock 103, the contents of T.A register 201
is gated to unmasked bus 11§ as indicated by the illumi-
nation of gate display lamps LAUEB(1,2). Unmasked
bus 110 is connected to MB register 112 as indicated by
the illumination of gate display lamp UBMB. Accord-
ingly, during the T1 phase MB register 112 contains the
data word. During phase T2 of cleck 103 the contents
of bit positions 7, 8§ and 11 of order word register 108
is entered into memory select register 207. As mentioned
above, these bit positions designate one of the eight word
location positions of call store 200. In the order WM,
the bit positions 7, 8 and 11 of the order word register
are entered into the memory select register 267 during
clock phase T2. These bits are displayed on the dispiay
Jamps MS0 through MS2 of register 207. Also during
phase T2 of the execution of this order, the contents of
MB register 112 is entered unchanged into LA register
201 as indicated by the illumination of gate display lamp
LAULA. During phase T3 of clock 103, the contents
of LA register 201 is inserted into bufler register 206
and transferred therefrom into call store word location
1 which is designaied *“pulse counter” in FIGr. 2. Simul-
taneocusly, the call store access circut 210 is operated in
accordance with the digits registered 1n memory select
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register 207. The writing of the data word 000 001 into
the “pulse counter” position of call store 200 initializes
the pulse counter. Since pulses will be counted by rotating
the “1™ bit to the right by one position for every pulse
dialed, if the digit “1” is dialed, the number 5 hit posi-
tion of the pulse counter will be illuminated when the
condition is detected. If two puises are counted, the
number 4 position will be illuminated, etc.

The next order in the illustrative call processing pro-
gram is

(15) WMo 000 GO1

This order inserts the data word 000 001 into word loca-
sion “07 of call store 268. Word location 0 18 designated
“timer” in bit positions 5 through 1 and LL in bit posi-
tion 6. The insertion of this data word accordingly causes
bit position 6 of word ¢ to be illuminated. This position
is designated the last look bit of the call store, hence
ifs designation LL.

The next instruction is

(16) WK 0,SC1

This order is of the same form as instruction (00). It
has the effect of inserting the arithmetic sum of the data
word indicated at D1 of the format statement and the
contents of the SC1 scanner register into the K register.
Tts significance at this point of the illustrative call process-
ing program is to read the scan point corresponding to
the status of customer dial pulse receiver CDPR as re-
corded in scanner register SC1 and store that status in
register K.
The next instruction is

(17) XMK 0

This instruction is of the symbolic format XMK as showr
in Table I and ils execution description is given in Table
1. The function of this instruction 1s to compute the
exclusive OR combination of the last look bit in call
mination of gate display lamp LAMS, The word read
store memory location 0 and the scan point CDPR whose
«tatus was entered into the K register as the result of
executine program insiruction (16). The status of the
CDPR bit in the K register will make the K register bit
position @ equal to *1” whenever there is a dial change.
The execution of instruction XMK during phase TO ot
clock 103 is similar to that described above for the WK
smetruction. For example, during phase T1 of clock 103
bit positions @, 1, and 2 of LA registers 201 are entered
into memory select register 207 as indicated by the illu.
ont of the call store word location indicated by the con-
tents of MS register 207 is entered into unmasked bus
113 as indicated by the illumination of gate display
lamps MBR and BRUB. Buffer register 206 will display
the contents of the word read out of call store 200. At
the same time, the word placed on unmasked bus 110
is placed into MB register 112 as indicated by the illu-
mination of gate display lamp UBMB. During clock
phase T2 the contents of K register 204 1s entered into
ALA reeister 169 as indicated by the illumination of gate
display lamp I£Q. The contents of ALA register 109 and
of MB register 112 are entered into logic arithmetic unit
282 which illuminates its display lamp EXC indicating
that it is computing the exclusive OR combination of the
contents of the ALA and MB registers, The result of this
computation is entered into LA register 201 as indicated
by the illumination of gate display lamp LAULA. During
clock phase T3 the contents of LA register 201 replaces
the contents of K register 204 as indicated by the illu-

 mination of gale display lamps LAMB and BK.
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The next instruction in the illustrative cali processing
program is

(20) TKDO 31

It should be noted that this instruction is given the
location (20) inasmuch as locations are written in octal
form. This instruction signifies that transfer shall occur
to instruction location (31) if the 0 bit of the K register
1s 0. This bit of the K register will be 0 if no dialing has
occurred.

The next instruction in the call processing program is

(21) WMO 0

This instruction inserts the digit 0 in call store memory
location 0 to reset the timer since a dialing change was
detected. This instruction also resets the last look bit of
call store memory word location 0.

The next instruction is

(22) WJ 0,SC1

This instruction is written in the general symbaolic format
W(R) as indicated in Table I and accomplishes the trans-
ferring of the information in scanner register SC1 to J
register 212, The status of customer dial pulse receiver
CDPR as obtained from scanner SC1 is accordingly
entered in the J register.

The next instruction is

(23) PWK 0.J

This instruction computes the logical product of the con-
tents of the K register and the J registzr and inserts the
resuli into the K register. The significance of this com-
putation is that the status of the CDPR bit in the J register
as priorly obtained from scanner register SC1 updates the
contents of the K register storing a 1 in the 0 bit thereof
if dial change was upward.
The next instruction is

(24) TKBO 16

This instruction specifies a transfer to instruction (16)
if the 0 bit of the K register is 0. The significance of this
Instruction is to require transfer i the dial change was
down.

The next instruction is

(25) MK 1}

This instruction specifies that the contenis of call store
memory word location 1 shall be inserted into the K
register to increment the pulse counter. The execution
descriplion of this instruction is given in Table III. Dur-
ing clock phase TO, the contents of the ALA and MB
registers are arithmetically added and entered infop the
LA register. The ALA register contains the binary repre-
sentation of the decimal digit 1 writen at A1 in the
symbolic format statement of the instruction. During
phase T1 of clock 103, bit positions 0, 1, and 2 of the
LA register are entered into memory select register 287,
and the contents of call store memory word location 1
1s applied to unmasked bus 110 and registered in MB
register 112 as indicated by the illumination of gate dis-
play lamps MBR, BRUB, and UBMB, respectively. Dur-
ing clock phase T2, the contents of MR register 112 is
entered Into LA register 201 via the logic arithmetic nnit
202 which computes the logical OR function between the
contents of the MB register and that of the ALA register.
Since the latter is 0, the contents of the MR register is
entered unchanged into the LA register. During clock
phase T3, the contenis of LA register 261 is entered into
K register 264 as indicated by the illuminaticn of gate
display lamps LAMB and BK.
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The next instruction is
(26) QC 111 111

This instruction rotates the contents of the K register to
the right by one position and then computes the logical
preduct of the rotated contents of the K register and the
data word written at D2 and replaces the contents of the
K register. The execulion description of this instruction
1s given in Table IV. During clock pnase TO the contents
of the ALA and MB registers are arithmetically added
and nserted into the LA register. This has the effect of
Inserting into the LA register the data word (111 111)
written at D2. During clock phase T1, the contents of
the LA register is applied to the unmasked bus and regis-
tered in MB register 112. During clock phase T2 the
contents of the K register is rotated one position to the
right and the result is inserted into ALA register 109 as
evidenced by the illumination of gaie display lamp KQ
and of rotate logic 111 display lamp QR. In addition,
the contents of the ALA register is entered into logic
arithmetic unit 202 as indicated by the illumination of
gate display lamp ALALAU and the illumination of dis-
play lamp AND. The logic arithmetic unit computes the
logical product of the contents of the MB register and
of the ALA register and enters the result into LA register
201. During clock phase T3 the contents of the LA
register 1s inserted into the K register to update the con-
tents thereof.

The next instruction in the illustrative call seguence 1s

(27) KM 1

This instruction stores the incremented pulse count ob-
taied from the K register into call store word location 1.
T'he execution description of this instruction is given in
Table TI and is written in the symbolic form XM Al

During clock phase T8 the binary equivalent of AI is
entered into the LA register. During clock phase T1 the
0, 1, and 2 bits of the LA register are eatered into memory
select register 207 and the contenis of the K register
1s applied to unmasked bus 11§ as indicated by the
illumination of gate display lamp KB. Since no masking
or compiementing instruciion is given ia this particular
order, mask and complement logic 113 allows the in-
formaticn on the unmasked bus to be entered into MB
register 112 unchanged. During clock phase T2 the con-
tents of MB register is entered unchan ged into LA register
201 via logic arithmetic unit 202 which computes the
logical union of the contents of the MB and LA registers,
the latter being 0. During clock phrase T3 the contents
of LA register is entered into buffer register 286, and
memory select register 207 controls call store access 2190
lo store the contents of B register 206 at the cail store
word location indicated by the contents of memory select
register 207, At this time gate display lamp BM is i'lumi-
nated.

The next instruction in the call processing pirogram is

(30) T 15

This instruction indicates a transfer to instruction 15.
It is an unconditional transfer instruction similar tp in-
struction (04) except that transfer is not conditioned
upon any bit of the K register being 0. At this pecint the
recvcling of instruction ( I15) et seq., are accomplished
vntil no further dialing is detected at which time instruc-
tion 20 requires the transfer to instruction 31.
The next instruction is

(31) MK 0

This instruction inserts the contents of call store word
location 0 into the K register. Its significance is that since
no dial change has occurred, the contents of call store

75 word location 0, i.e., the timer and last look spots, shall
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be entered into the K register to increment the interdigital
timer.

The next instruction 1s

(32) AWK ?2

This instruction increments the contents of the K register
by 2 so as not to affect the last look bit. The execution
description of this instruction is given in Table 1I and
it computes the arithmetic addition of the data word
written at D2 and the contents of the K register. During
phase TO of clock 103 the binary equivalent of the
decimal digit 2 written at A2 is entered from the order
word register into the ALA register and transferred there-
from unchanged by the logic arithmetic unit 202 into
LA register 201. During clock phase T1, the contents
of the LA register is applied to unmasked bus 110 and
transferred therefrom into MB register 112. During clock
phase T2, the contents of the K register is entered into
ALA register 109. Simultaneously, the logic arithmetic
unit 202 computes the arithmetic sum of the contenis of
the ALA and MB registers and enters the result in LA
register 201. During clock phase T3, the contents of the
LA register is entered into the K re gister.
The next instruction is

(33) KM 0

This instruction inserts the incremented time count con-
tained in the K register into call store memory word
location 0.

The next instruction is

(34) TKB3 16

This instruction causes transfer to program location (16)
i€ bit 3 of the K register is 0. The significance of this
instruction is to require transfer so long as the time
count is less than 4 binary 100).

The next instruction 18

(35) WK 0,X

This instruction specifies that the contents of the X
register is to be entered into the K register.
The next instruction 1s

(36) UMK 1

The execution description of this instruction is given in
Table III. This instruction computes the logical OR
function between the contents of the K register and the
word in the call store location given by the arithmetic
sum of Al and R1 of the format statement. This com-
putation replaces the contents of the K register. The OR
combination of the pulse count taken from the call store
and the contents of the K register (which is obtained
in instruction 35 from the X register) yields the appro-
priate line link network path for the connection of the
RNG circuit to the called line. It should be recalled that
nulse counting is accomplished in the pulse counter by
rotating to the right and that trunk link network paths
for connections to the AUD and to the RNG circuits
were reserved in the Z register. The AUD connection
uses the same line link network path as the CDPR con-
nection. The UMK 1 instruction is executed as follows.
During phase T0 of clock 103, the arithmetic sum of Al
and R1 designated in the format statement is computed
and entered into the LA register (i.e., the contents of
the ALA and MB registers are added in logic arithmetic
anit 202 and the result entered into LA register 201).
During phase T1 of clock 103, the 0, 1, and 2 bits of the
LA register are entered tnto memory select register 207.
The word, read out of call store 200 responsive to the
operation of call store access circuit 210 by the memory
select register, is entered into the unmasked bus, whiie
buffer register 206 displays the conients read out of call
store 200. The unmasked bus is connected to MB register
112. During clock phase T2, the conients of K register
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204 is entered into ALA register 109. Logic arithmetic
unit 202 computes the logical OR function between the
contents of MB register 112 and the contents of ALA
register 109 and enters the result in LA register 201,
During clock phase T3, the contents of LA register 201 1s
entered into K register 204. Simultaneously therewith,
the states of the S and H flip-flop display lamps asso-
ciated with the LA register are determined.
The next instruction 18

(37) PWNX 111 100, K

This instruction computes the logical product of the data
word 111 100 and the contents of the K register and in-
serts the result into the X register which is also enabled
to control the network display of FIG. 3. This instruc-
tion is similar to the UWNX display instruction of step
13 except that the logical product is computed instead
of the logical uniomn. Accordingly, on phase TO of clock
103 the contents of the K register is gated to unmasked
s 110 as indicated by the illumination of gate display
lamp KB and the unmasked bus is connected to MB reg-
ister 112 as indicated by the illumination of gate display
lamp UBMB. The logic arithmetic umt compuies the
logical product of the contents of the MB register and of
the ALA register, the latter containing the data word
111 100. The remaining operations executed on phases
T1, T2, and T3 are simiiar to those described above. The
execution of the PWNX order at this time sets up the
line link network paths to the called line on FIG. 3 and
takes down the trunk link network paths to the CDPR.
The next instruction is

(40) UWNX 0,Z

_ This instruction computes the logical OR function be-

tween the data word ¢ and the contents of the Z reg-
ister and places the result into the Z register, The con-
tents of the Z register controls the network of FIG. 3.
The execution of this instruction at this time illuminates
whichever trunk link network paths were reserved in the
Z register for connection to the AUD and RNG circuits;
see steps (02) and (07) above,
The next instruction is

(41) WK 0,5C1

This instruction places the contents of scanner register
SC1 into the K register and its execution at this time
causes the states of the scan points of the SCI repister
associated with the RNG and AUD circuits to be stored
in the K register.

The next instruction 1s

(42) TKB1 52

This instruction causes transfer to program instruction
location (52) if bit 1 of the K register is “0,” and Us
execution at this time causes transfer to occur if the
called line, which is connected to the RNG circuit, has
not yet answered the call.

The next instruction 1s

(43) TUNI111 44

This instruction causes a transfer to program instruction
location (44) and extinguishes the displays on FI1G. 3
which are controlled by the contents of the X, Y, and Z
registers of FIG. 2. The contents of the X, Y, and Z regis-
ters remain unchanged. This instruction is of the symbolic
format TUN(XXX) as shown in Table 1. The letters X
are binary variables to be assigned values in positions 12,
13, and 14 of the binary order format. The execution
description of this instruction is given 1n Table 1V. When
the bits specified at bit position 14, 13, and 12 have the
binary value “1,” they cause the X, Y, and Z registers to
lose control of their associated paths on the network dis-
play shown in FIG. 3. During phase 10 of clock 103, the
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contents of the AL A and MB registers are arithmetically
added by the logic arithmetic unit and the result placed in
LA register 201. The contents of the ALA register is the
binary equivalent of the octal number 44. During phase
T1, the contents of AL register 104 is entered onto the un-
masked bus 119 as indicated by the illumination of gate
dispiay lamps ALUB(1,2). The unmasked bus is con-
nected to MB register 112 as indicated by the illumination
of gate display lamp UBMB. The MB register, accordingly
at this time, contains the incremented address which was
inserted in the AL register from the address placed in the
PAR register during clock phase T0. No action occurs
during clock phase T2 and during clock phase T3, the
contents of LA register 201 is inserted into AL register
104 as indicated by the illumination of gate display lamps
LAAL(L1,2). Also during phase T3, the presence of binary
“1I’s” in bit positions 14, 13, and 12 of the order divorce
the netwosrk of FIG. 3 from control of the X, Y, and Z
registers, respectively.
‘The next instruction is

(44) UWNY 0,X

This instruction inserts the contents of the X register into
the Y register and causes thie Y register to control the net-
work. The network then displays the line link network
paths to the junctor circuit.

The next instruction is

(45) WL 110 000

This instruction inserts the data word 110 000 into the L
register, The execution of this instruction at this time sets
the mask for the instruction given at program location
(46).

‘The next instruction is

(46) WK 0,SC1,PL

This instruction computes the logical product of the con-
tents of the SC1 register and the contents of the L register,
which contains the data word 110 000, and inserts the re-
suits of the computation into the K register. This instruc-
tion is similar to instruction (01) except that the product
masking instruction is inciuded, as indicated by the PL

in the format statement. Product masking is accomplished |

on phase T1 of clock 103 incident to the transferral of in-
formation from unmasked bus 116 intc MB register 112.
The specification of the product masking option causes
mask and complement logic circuit 113 to illuminate its

product masking display lamp PL. In executing the prod- r

uct masking option, the logical product bit-by-bit of the
contents of the index register specified at RZ of the for-
mat statement, 1n this case register SC1, is computed with
the contents bit-by-bit of the L regisier. The execution of
this instruction at this time masks out all scan points of
register SC1 except those corresponding to the status of
circuits J1 and J2 of FIG. 3. The result is stored in regis-
ter K. It should be noted that scan points for circuits AUD
and RNG are still connected to the calling and called
lines, respeciively.
The next instruction is

(47) CWK 110 000

This instruction compares the state of scan poiats J1 and
J2 with that of data word “11.” the coadition that exists
as long as both lines are off-hook. The exccution descrip-
tion of this instruction is given in Table III. As indicated
therein, the data word is subtracted from the contents of
the K register and the result determines the states of the
S and H flip-flop displays associated with the LA register.
During phase T of the execution of this order, the arith-
metic sum of the contents of the ALA and MB registers
1s entered into the LA register. During phase T1, the con-
tents of the LA register is applied to the unmasked bus
110, Mask and complement logic circuit 113 is instructed
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to complement the information on the unmasked bus as
indicated by the illumination of its complementing lamp
C. The complemented information is entered into MB reg-
ister 112. During phase T2 of clock 103, the contents of
the MB and ALA registers are arithmetically added in
logic arithmetic unit 202 and the result entered into LA
register 2€1. Since the contents of the MB register con-
tains the complemented contents of the unmasked bus, the
result is an arithmetic subtraction. During clock phase T3,
the contents of LA register 201 sets the states of the S
and H flip-flop display lamps associated with the LA regis-
ter.
The next instruction is

(50) TCAZ 46

This instruction causes transfer to program location (46)
if the result of the comparison made as a result of execut-
ing program statement (47) was arithmetic zero, 1in which
case the H flip-flop display lamp is illuminated. The exe-
cution of this instruction at this time causes transfer (o
occur as long as both lines are off-hook.

The next instruction in the illustrative call processing
prograni is

(51) TUN111 00

This instruction causes a transfer to instruction location
(00) and divorces the displays of FIG. 3 fiom control of
the X, Y, and Z registers.

The next instruction is

(52) TKB2 51

This instruction causes transfer to instruction (51) if bit
2 of the K register is “0.” Its execution at this time causes
transfer to occur if the calling line connected to circuit

AUD abandons the call.

The last insiruction in the illustrative call processing
program is
(533) T 41

This instruction causes transfer to instruction (41) and
causes the supervisory scanning of circuits AUD and RNG
10 resume,

Detailed description of FIGS. 6 through 25

The detailed circuitry of FIGS. 6 through 25 will now
be briefly described. FIGS. 6 and 7 show the program
memory access circuit 186, the program store 100, order
word register 198, AL register 164, and PAR register 1085.
Registering relays for bits 5 and 6 of the order word
register are shown in FIG. 10. Of the leads Lo through
143, shown in FIG. 6, only one at a time s connected to
ground, the selection beine made by the relay contact
trce of program memory access circuit 166 which shows
a ground at the right-hand apex of the triangular symbol.
This ground is extended by work contacts (rnot shown) of
relays 7S¢ through 785 as indicated by the dashed line
coninecting the windings of these relays to the triangular
symbol of the access circuit in FIG. 6. The ground that
13 applied to the row selected by the relay tree can appear
only on the vertical for which holes have not been
punched in the corresponding row of the program card.
Each row of a program card is represented by a corre-
sponding rectangular symbol in FIG. 6. The ground that
13 applied to the row selected by the relay tree only ap-
pears on the verticals for which holes have not been
puncied in the corresponding row of the program card,
Accordingly, the absence of a hole causes the associated

contact to be made and the presence of a hole causes
the associated contact to be opened. The diode in series
with the contact eliminates sneak paths that might other-
wise exist. Accordingly, the pattern of holes and no holes
on a program card results in a pattern of no eround and
ground conditions on the seventeen verticals, verticals 7
through 17 being connected to the windings of relays
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6W?7 through 6W17 in FIG. 6. Verticals 1 through 4 are
connected via contacts of relay 11DALA to the windings
of relays 10ALAO through 10ALAS. Verticals 5 and 6
are respectively connected to the windings of relays
10W5 and 10W6. The latter two relays in turn, via their
No. 1 contacts, extend grounds over make contacts 1 and
2. respectively, of relay 11DALA to the windings of relay
10ALAS and 10ALA4, respectively. Relay 11DALA 1S
operated during clock phase T of every order. Bits W3
and W6 operate relays 10W5 and 10W6, respectively,
because these bits are used by the decoder circuit of FIG.
12 to make certain distinctions among classes of memory
orders and to specify the use or non-use of the insertion
option on registry to memory orders. The availability of
these bits for decoding follows from the fact that on
memory orders only bits in positions 1, 2, and 3 of the
binary format are ultimately interpreted as the address
in the call store, since only three binary bits are required
to designate any of the eight word locations 1 call store
200.

Also shown in FIG. 7 is the program address register
105 and add-one logic circuit 101. During phase TO of
any order, a ground is applied to lead T0 in F1IG. 7 by
the clock and mode control circuitry of FIG. 18. The
eround appearing on lead TO is applied over contacts of
the AL register selectively to operate relays 750 through
7S5 of PAR register 105. This causes the contents of AL
register 104 to replace the contents of PAR register 103.
During phase T1 of clock 103, relay 22TRA is released.
If relay 7SO0 is released, relay 7ALG@ is operated by the
ground on lead T1. If relay 7S0 is operated, relay TALQ
is shunted down and the ground on lead T1 proceeds to
relay 7AL1, which is controlled in a manner similar to
that described for relay 7AL0. The ground on lead T1
propagates as the binary carry for the add-one operation
from lower to higher bit positions until it finds a position
in which the 7S— relay is released. The TAL— relay for
this last position is operated, whereas all the 7A1 relays
for Jower bit positions are shunted down. Thus, the pro-
eram address register 105 is incremented by 1 and the
contents replaced into the AL register during phase T1
of any order. Lead TRA in FIG. 7 is grounded during
phase T3 of clock 103 for any order specifying a transfer.
Relay 22TRA is operated under the same circumstances.
Thus, when a transfer is to occur, the contents of LA reg-
ister 201 (FIGS. 20 and 21) replaces the contents of AL
register 104. During the following phase T0, it is this new
address that is gated from relays 7AL into relays 7S of
PAR register 105. The FA switch in FIG. 7 is a mainte-
nance switch which can open the continuity of lead TRA
to prevent the apparatus from carrying out transfer or-
ders and which also prevents the apparatus from stopping
despite the fact that orders carrying the stop instruction
are being executed. The latter is accomplished in FIG. 18
by opening the continuity of iead STP, thereby opening
the operating path for relay 14E.

FIGS. & and 9 show the call store 200, the call store
access circuit 210, MS register 207, B register 206, and
insertion logic circuit 209. It will be recalled that for any
memory order, except a word to memory order (WM),
the call store address is specified by the sum of the con-
tents of the data address portion of the order and the
contents of the index registers specified by the order. This
addition is performed during phase TO of clock 103 by
the logic arithmetic unit (shown in FIGS. 20 and 21).
The sum is stored in LA register 201 (also shown in
FIGS. 20 and 21), During phase T1 of any memory oOr-
der except a word to memory order, the grounding of
lead TMS in FIG. 9 results in gating the call store ad-
dress from the LA register into the memory select MS
register 207. Relays 9MSO0 through relays 9MS2 receive
the address from the LA register. On word to memory
orders, the call store address is specified by bits 7, 8, and
11 of the order in binary format. During phase T2 of
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these orders, relay 9DAM is operated and, at its contacts
in series with relays 9MS0 through OMS2, moves the
call store address from relays 6W7, 6WS8, and 6W11 of
order word register 108 to the windings of the respective
ones of relays 9MS0 through IMBS2.

The contacts of relays $MS0 through 2MS2, shown 11
FIG. 8, steer the ground made available on lead WM
during phase T3 of any memory order that involves
a write operation to one of relays 8BMO through 8BMT.
The selected 8BM— relay then places the correspond-
ing set of six call store memory relays 8M— under
control of insertion logic circuit 209. For example, if
relay §8BM2 is operated by the contents of MS reg-
ister 207, responsive to the ground on lead WM, call
store memory relays 8M20¢ through 8M23 are rendered
available to insertion logic circuit 209. Bit 6 of the
binary format of a register to memeory order is the
bit used to specify insertion masking. If bit 6 is U,
ie., no insertion masking required, the contents of ths
LA register, as represenled by the contacts 20L.A0
through 20LAS in FIG. 8, operates the respective Ones
of the 8M relays of the call store; for example, relays
§M20 through 8M25 mentioned above. On the other
hand, if bit 6 is equal to “1,” the operation of the atore-
mentioned call store memory relay depends upon the
contents of the L and B registers, respectively. If a par-
ticular bit of the L register is “0,” the corresponding
bit of the B register determines the operation of the
respective 8M— relay of the call store. If a particular
bit of the L register is equal to *1,” the corresponding
bit of the LA register operates the associated one of
the 8M— call store memory relays. In FIG. 8, a back
contact of relay 12D is inserted between the WM lead
and the steering contacts of memory select register 207.
Relay 12D is a slow operate relay which is energized
during phase T3 of all orders. The break contact of
relay 12D removes the selected call store location from
the control of insertion logic 209 before the termination
of clock phase T3. As far as B register 206 ¢ FIG. 16)
is concerned, when the insertion option is specified in
an order, relay 16MBB is operated. Accordingly, only
at a bit position for which the associated relay of the
L register is operated does the corresponding B register
relay come under control of the associated LA register
relay.

Referring to FIG. 9, it is seen that for each state of
the MS register 207 a unique path is established from
lead RTM to one of the horizontal leve's of the relay
tree shown in the upper part of the figure. During phase
T1 of any memory order that 1nvolves a read operation,
jead RTM is prounded by the decoder circuit of FIG.
11. This ground places unmasked bus relays 13UBD
through 13UBS in FIG. 13 under control of the selected
row of six call store memory reiay contacts, shown in
F1G. 9. The information contents of the call store mem-
ory transferred to relays 13UBGQ through 13UBS is en-
tered into B register 206 via work contacis of relays
13UBO through 13UBS in FiG. 16 which transfer the
around from lead B to the respective one of refay wimd-
ings 16B0 through 16B5. Additional contacts of relays
13UB¢ through 13UBS5 are employed in the mask and
complement logic circuits of FIG. 16 controlling the
operate paths for the MB register relay windings shown
therein.

FIG. 10 shows the circuitry for gating information
into ALA regisier 109. During phase T¢ of any order,
relay 11DALA is operated. Contacts of this relay, shown
in FIG. 10, connect bits 1 through 6 of the binary for-
mat of the order, i.e., the data address portion of the
order, to the corresponding windings of relays 10AL A0
through 10ALAS. Lead KLA and relay 16KLA are acti-
vated during phase T2 of ADD, COMPARE, and LOGI-
CAL orders as denominated in Table 1II. Relay 10KLA
operated enables the contents of K register 24 to replace
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the contents of ALA register 109 during phase T2. Relay
17QLA, in FIG. 17, is energized during phase T2 of
shift and rotate orders, gating the rotated contents of
K register 204 into ALA register 109 via its 17QLA
contacts shown in FIG,. 10.

FIGS. 11 and 12 show the decoder logic. Grounds
are provided by the clock and mode control circuitry of
FIG. 18 to leads TO, T1, T2, and T3 in ihat order.
Contacts of the order word register relays 6W— con-
trol the transmission of the clock provided grounds to
the other circuits of the apparatus in accordance with
the coding of the binary order statements written in the
program store memory cards of FIG. 6.

FIG. 13 shows the circuitry for transferring informa-
tion from any of registers X, Y, Z, J, K, 1, SCO0, or
SC1 to unmasked bus 110. During phase TO of clock
103, a ground is made available to one of leads XX.
YY, or RI of FIG. 13 by the decoder logic circuiiry of
FIG. 11. Lead XX is associated with registers SC0. X,
J, and K; lead YY is associated with registers SCO.
SCl, X, Y, Z, I, K, and L: and lead RI is associated
with registers X, Y, Z, and K. Considering lead Y'Y,
for example, the selection of one register from the
aforementioned set with which this lead is associated is
made by contacts of order word register relays 6W185.
6W10, and 6WI11. The contacts of the selected one of
the registers associated with the YY lead then control
the operation of the corresponding one of relays 13UB0
through 13UBS5. Similar considerations apply to leads
XX and RI Lead RR is activated by the decoder logic
of FIG. 11 during phase T1 of register to memory or-
ders. When s0 activated, it selects one of registers X,
Y, Z, J, K, L, SC1, or SC0 to bs connected to unmasked
bus 110. In register to memory orders, ore of the rez-
1sters may be used during phase TO of clock 103 to
designate the location in memory to which the contents
of one of the other registers is to be moved. Accord-
ingly, leads XX, YY, or RI are grounded during phasza
T0. whiie lead RR is grounded during phase T1 to
utilize the contents of these respective seis of registers.

To effect the return address saving option, which is
available on transfer orders, access must be gained to AL
register 104. Lead ALB is therefore activated during clock
phase T1 of all transfer orders thereby cornecting the
contents of the AL register via its contacts TALO through
TALS in FIG. 13 to the verticals of unmasked bus 116,
Lead LAB is used for gating the contents of LA register
201 to unmasked bus 110 during phase T1 of certain or-
ders, This is accomplished via contacts 281.A0® through
20L.AS, shown in FIG. 13, The contents of LA register
201 are connected to unmasked bus 118 during the execn-
tion of shift and rotate orders. During such orders, the
data address portion of the format statement is stored in
LA register 201 during phase TO of clock 183. During
rhase T1, the contents of the LA register is connected to
unmasked bus 118, At the sanie time. unmasked bus 118
18 connected to operate relays 16MBO through 16MBS of
MB register 112, shown in FIG. 16. Thus, on shift and
rotate orders the data address portion of the format state-
ment 18 transferred from the LA register into the MB
register so that logic arithmetic unit 202 may form the
logical product of the data address portion of the instruc-
tion with the rotated contents of K register 204, the latter
being stored in ALA register 109 (FIG. 10). The masking
operation with an appropriate dala address portion of the
order can convert a rofate order into a shift order. The
contents of the LA register may be applied to unmasked
bus 119 also for the purpose of executing product mask-
ing and/or complementing instructions as specified by the
format statement. The mask and complement logic cir-
cuitry is shown in FIG, 16. Lead BP and relay 12BYP are
respectively grounded and operated to connect the un-
masked bus to the MB register without modification and

thus provide for bypassing the mask and complement
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logic. Lead PC is grounded by the decoder logic of FIG.
11 during phase T1 of any order for which the product
masking of complementing options are available. Relays
16P and 16C are energized whenever order word regis-
ter 183 1s occupied by an order in which the product mask-
ing and complementing options, respectively, are used.

FIG. 14 shows the scanner circuitry. Relays 14SC00
through 145C05 constitute the SCO register. Relays
145C10 through 145C15 constitute the SC1 register. Each
of the aforegoing relays is controlled by a respective three
position locking key. One position of the associated key
provides a ground to operate the corresponding SCO regis-
ter relay. Another position of the locking key provides an
open circuit to the respective SCO relay. The third position
connects the SCO relay to an external jack for remote
operation. A similar set of keys and jacks is provided for
the SC1 register. In addition, register SC1 may be placed
vader the control of the inputs to the SCO register through
a netwoerk of confacts of registers X, Y, and Z. This con-
trol choice is made by contacts of relay 14SCX which, in
turn, 15 controlled by selector switch SCXFR. This sclec-
tor swiich has two positions. In the TEL position, back
contacts of relay 14SCX connect the windings of relay
145C10 through 14S5C15 to the network of contacts con-
trolied by registers X, Y, and Z. In position ARITH of
the selector switch, the contacts of relay 14SCX isolate
the windings of the SC1 register relays from the afore-
mentioned network of X, Y, and Z register contacts.

FIG. 15 shows the circuitry for writing into registers
J, K, L, X, Y, and Z. The source of the data to be written
into one of these registers is LA register 201. Lead LMB
is grounded by the decoder circuitry of FIG. 12 during
phase T3 of any order. If relay 15MBB is operated (as it
is during transfer orders when the MB register may be
connected to unmasked bus 110) the gating of the LA
register contents to masked bus 205 is inhibited. Even if
this gating is not inhibited, LA register 201 may not have
1ts contents transferred to one of registers X, Y,Z,.I.K, or
L vnless one of gating relays 15RJ, 15BK, 153BL, 15BX
13BY, or 15BZ is operated. Lead WR is grounded during
the execution of word to register or memory to register
orders. The particular one of the registers is selected by
contacts 6W13, 6W14, 6WIi2, 6WI11, 6W1S, or 6W17 of
order word register 108. Lead WOR is grounded during
non-transfer network orders to insert data into one of
registers K, X, Y, or Z. The remaining classes of orders
for which data is written into a register are shift and ro-
tate orders and those orders during which arithmetic or
logical operations are performed. In each of these orders,
the destination register is K register 204 and the ground-
ing of lead WK operates relay BK during phase T3 of
such orders. Relays 15BJ through 15BZ do not remain
operated during the entire T3 clock phase bacause of the
break contacts of slow operate relay 12D which interrupt
the continuity of the T3 grounds present on leads WX,
WOR, and WR. This procedure, as was true of the opera-
tions for writing into call store 200 in FIG. 8, assures that
a register Is exposed to the infoermation on the bus only
while the correct data is on the bus. Specifically, when the
clock phase advances from T3 to TO, the contents of the
LA register 1s altered. If any relay of the LA register
changed before the previously selected bus to register
relay had released, an incorrect bit might have been writ-
ten mnto the register. Accordingly, the bus {o reaister patfes
are closed shortly before the termination of the T3 clock
piase,

FIG. 17 shows the rotate logic. Of the four bits of a
shift or rotate order stored in order word resister relavs
6W7, 6W8, 6W10, and 6W11 of order word register 108,
only one may have the binary value “1” in any order.
Relay Wil is operated for a rotation to the Jefi by cne
bit position. Relay 6W8 is operated for a rotation to the
left by two bit positions. Relay 6W?7 is operated for a rota-
ticn to the right by two bit positions.
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F1G. 18 shows the clock and mode selection control
circuitry. The selection of clock speed and the mode 1n
which the apparatus is to operate is made by means of
the five-position switches A12, A6, C12, and B12 in FIG.
18. Relays 18AA and 18AB are energized only when the
mode control switch is in 1fs extreme clockwise position.
This position is the manual word, manual clock by
stepping position. The contacts of relays 18AA and 18AB,
shown in FIG. 6, switch the control of order word regis-
ter 108 from the program store 100 to the seventeen togele
switches shown in FIG. 6 to provide for the manual setting
of an order.

The control clock comprises relays 18A, 18B, and
18CL and has four stable states. The transition from one
<tate to the next is caused by a change of the single clock
input from ground to open Or vice versa. During opera-
tion in one of the automatic clock, automatic word modes
(the extreme two counterclockwise positions of the five
position switch) the clock input is interrupted periodically
by one of the two microsecond switches operated by a
motor driven cam (not shown), one for high speed and
the other for low speed.

A stop order energizes relay 18E during clock phase
T3 (when relay 18A is operated and 18CL is released).
Relay 18F then supplies a permanent around to the clock
input. After relay 18G has been energized by depressing
the cord switch button, relay 18E is shunted down on the
following micro-switch closure through a contact of relay
18G. This returns the control of the clock input to either
of the micro-switches. The clock input remains grounded
throughout the transition so that the next change of state
of the clock after a stop (the transition from T3 to T})
oceurs at the beginning of the first complete open state
of the micro-switch. This insures that TO will be of nor-
mal time duration. In the automatic word, manual clock
by instruction mode of operation (the centermost posi-
tion of the five position switch) relay 18E is operated
during clock phase T3 of every order through the low
speed micro-switch and the five position switch, This stops
the clock at phase T3. Operation is resumed in exactly
the same manner as described above for a stop order.
During operation in a manua] clock by stepping mode (the
two most clockwise positions of the five position switch)
the relays 18E and 18G have no control on the clock, In
this case, it is intended that the instructor or student gen-
erate the interruptions by operation of the cord switch.

The standby operate switch STBY 15 used to nsure
smooth transitions during mode switching and to provide
for a smooth stariup. The operator releases relay 1580PR
by placing the standby operate switch STBY in the stand-
by, i.e., its extreme rightmost, position. During the next
occurrence of a TO clock phase, or immediately if relay
18E is operated, relay 180PR is shunted down. Relay
18E is operated if either the mode of operation is aulo-
matic word, manual clock by instruction (the centermost
position of the five position switch), or the mode of
operation 1S sutomatic word, manual clock (high or
low speed) and the machine is stopped at phase T3
of a stop order. When relay 180PR releases, it places
a permanent open circuit at the clock input. If the clock
was stopped at phase T3, this indicates a transition from
phase T3 to TO. After the mode of operation has been
changed by the operator, the standby operate switch
STBRY is returned to the operate position. Relay 180FPR
can be operated only when an open circuit exists at the
clock input regardless of the mode of operation. This in-
sures the phase T1 will be of normal duration.

FIG. 19 shows the network and output display con-
trol relay circuitry. The operation of network conirol re-
lays 19N0 through 19N2 is controlled by bit positions 12,
13, and 14 of the format statement. When relay NQ 18
operated, it permits the contents of the X register to con-
tro! the display lamps of FIG. 3, as shown In somewhat
more detail in FIG. 25. Similarly, the coniacts of relays
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1971 and 19N2 permit the contents of the Y and Z reg-
isiers to control the netwaork display of FIG. 3. Although
not shown in detail, work contacts of relays 13D@ through
19D2 control displays in similar fashion to the lamps
<shown in FIG. 25. Lead ND in FIG. 19 is grounded dur-
ing clock phase T3 of any non-transfer network or dis-
play order, Bit 12 of the order word register differentiates
etween network and display orders. Bits 13 and 14 effect
the one-out-of-three choice among the X, Y, and Z regis-
ters. The result is the operation of one of the six relays
19N0 through 19N2 or 19D@¢ through 19D2. Fach of
these relays has a latching path so that it will remain oper-
ated until shunted down by a succeeding TUN or TUD
order. During the execution of display and stop orders,
since bit 7 of the binary format statement is “0,” ground
‘s transmitted to the operating path of relay 18E, stop-
ning the clock from advancing to phase T0. Lead UND
is grounded during phase T3 of TUN and TUD orders.
Here bit 8 diferentiates between network and display
orders. Any combination of the three 19D— or 19N —
relays may be shunted down on one TUN or TUD order.

FIGS. 20 and 21 show the logic arithmetic unit 202
and the LA register 201. In addition, the H and S flip-flops
are shawn with their respective relays 20HOM and 205.
During clock phase T3 of any order other than a transfer
order., or the no operation order EE, leads HOM and S
are grounded through the decoder logic circuitry of FIG.
12. Relay 18S is operated by relay 20 AS of LA register
201. This bit of the LA register is designated the sign bit.
Relay 20HOM is energized only 3f all six bits of the LA
register have the same value, i.e., all “0's” or all “1’s”;
otherwise it is shunted down. Once relay 205 or 20HOM
is orerated, it locks over a respective make contact to
provide the memory function.

Whenever an AND, OR, or EXCLUSIVE-OR oper-
ation is to be executed by the logic aritbmetic unit, the
corresponding relay 20AND, 200R, or 20XOR is ener-
vized, placing the 20L.A0 through 201.AS relays of the
ILA register under the control of the appropriate logic
circuitry. The operation of any of the aforementioned
three relays operates relay 26LOP which serves to isplate
each bit position of the LA register from sneak paths.

The logic arithmetic unit performs arithmetic addition
of the signed contents of the ALA and MB registers when
lead ADD is grounded. The ground is transmitted to input
G of each of the blocks labeled S1. These blocks operate
on the magnitude bits. The ground is also transmitted to
the G input of the block labeled S§ which operates on
the sign bits. Fach block labeled S1 has a pair of inputs
1abeled CO and C1 which provide the value of the carry
from the preceding (lower) bit position. If the carry 1s
“1” C1 is grounded; if the carry is “0,” C0 is grounded.
Each block labeled S1 has two pairs of output leads, S0
and S1, and CO and C1. S0 and S1 provide the sum bit
to the corresponding 20L.A— relay. S0 is grounded if
the sum bit is “0: S1 is grounded if the sum bit is “1.”
C0 and C1 provide the carry for the following (higher)
bit positions. In addition to the outputs S0 and 51 to relay
20LAS5, block S5 controls relay 21CRY. The function of
the relay is to provide an end around carry when appro-
priate. Relay 21CRY is operated to provide a carry into
bit position 0 when the contents of the ALA and MB
registers are both negative numbers, or when their signs
differ and there is a carry from stage four. Block 85 also
provides an overflow output OVF. An overflow occurs
when two numbers of like signs are added and the magni-
tude of the sum exceeds 31.

FIG. 22 shows the transfer logic. Lead T is grounded
during phase T3 of transfer orders. The ground on lead
T is extended fo operate relay 22TRA if a transfer 15 to
occur. Lead WJ is grounded if a transfer is to occur and
the } option is specified in the order. The specifying of the
option in the order is accomplished by making bit 7 of the

order word equal to “1” to operate relay 6W7 of order
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word register 108 and its contact in series with lead WIJ
In FIG, 22. The grounding of lead WJ gates the contents
of MB register 112 into J register 212, as shown in
FIG. 15.

During the execution of unconditional transfer orders, 5
bit 16 of the instruction is “1” so that relay 22TRA is di-
rectly operated. During the execution of conditioral trans-
fer orders, on the other hand, bit 16 is equanl to “0” so
that relay 22TRA may or may not be operated depend-

39

ing upon whether the specified transfer condition is or is
not fulitiled. The transfer condition is specified by bits 8,
12, 13, and 14 which determine the states of order word
regisier relays 6W8, 6W12, 6W13, and 6W14, respective-
ly. if, for example, the order is TCLZ, relays 6W16, 6WS8,
6W13, and 6W14 are released and only relay 6Wi2 is
operated. The ground will accordingly be transmitted to
relay 22TRA if relay 20HOM is operated and relay 208
15 released, i.e., if a logical ”0” is indicated.
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APPEMDIX —Continued

TADLE I—Continued

(B) THE BINARY VARIABLES BELOW ARE SET TQ 1 WHEN
THE CORRESPONDING OPTICHS ARE USED.

[ p | PRODUCT MASKINC

e | INSERTION MASKING
i1 JUMP OPTION.

et Bl P LI B TR '

| REGISTER SPECIFIED IN RM FIELD
'-?_? COMPLEME NT { MG

ny" SHOWN I8 EiTHER THE SYMEOLIC QR BINARY
ORDER, MEAMS A NUMERIC. FOR EXAMPLE €M(X)

STANDS FOR WM),wh2,----. THE BIRARY
EQUIVALENT OF THE RUMERIC 1S ERCODED 1R THE

PITS ALSO DESIGHATED BY X,

TABLE ]I

ADBREVIATIONS USED 1M CHART.

(A) A VARIABLE ELEMENT IN A SYMBOLIC ORDER
FOR INSTARCE W{R)} STANDS FOR WX, WY,-----.

ENCODED AS FOLLOWS:

IS DESIGRATED IN PARENTHESES.
THESE VARIABLES ARL

————————

r3

(C) THE FOLLCWING VARIABLES IH THE BINARY ORDEXR
CORRESPOND TO INDEX  REGISTERS AS SHOUWNH.

o s ]t
| PO [POS 1T 1ONS |
| 15 | | , _ '
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TABLID ITI

0,1,2,- — — 31 (DEC!
0,1,2,~ -~ -~ 63 {DEC)
0.1,2,~--7

: 0,1,2,~~- — 83 (DEC)

&l L X

P

 (J,K.L,7.2)

1[p 1P} € —>x CF

1 (G,1,2,3,4,%,8)

O ~—> B H{T),CF
| (sc0,5¢9, J4,K,L, [WITHCUT INSERTION MASKING {X-L2)S—e 8, H(g),CF
¥.2) WITH INSERTION MASKING XS.L L B-L* —e B, N(g),CF

| (J!‘ﬂ-ilfli} H{pj et : :EH(P}‘Lﬁ] ¢ -2 X,CF

1K ¢ 0 LP —o K, CF

(H{g) =8 K 2 H(P)'LP —aK,CF

ﬂ{ﬁ} —»pR : K- H{ﬂ)*L’ s CF

0 -. |
| UWK Dy, Rq, PLC X L [o-iP}e —s i, CF
G n—_-ﬂmm_mx.._, | ’ -——m___“m?——_—_—m___,
_ XK Dy, Ry, PLC | X ® {2 L8JC —o ¥, CF
. I w“: *
P LT Mip) —s8 ;K- [M{g}LP)E —e,CF

Pl . : . skl PR S S re— e e S« S S S . s i it b w A

Mlp) —sp ; KLIM(D) L2 —o i CF

(#la) — 8, Ro[M{p)-LP]C —s K, CF

e _ A oo

N0 OFERATICH

el o i .

NOTE—-~The “execution description” is given only far the underscored variable, Variables 1n tlie center col-
ump may be speclfied 1n place of the underscored variable in the format stntement,
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TABLR IV

Instruction Format, with Options, Bxecution Desceription

1{L2,A2,LE N LU, M,
GE,MZ,UM2)-

(001,010,011,100,
101,11%)

| (001,010, 100,101,
m 0_1— az' Ri' ‘

]ﬂlﬂ&FEl.CﬂlﬂlTlﬂls

1. TUN ‘abc ERASES THE NETWORK DISPLAY AS FOLLOMS:

IF a = t REMOYE NETWORK DISPLAY MO.
tF b = 1 REMOVE NETWORK DISPLAY N1,
IF ¢ = 1 REMOVE METWORK OISPLAY N2.

TUO abe ERASES THE OUTPUT DISPLAY LANPS AS FOLLOWS:

{F a = ¥ RENOVE OUTPUT DISPLAY §OO.
IF b = 1 REMOVE OUTPUT DISPLAY §01.
IF ¢ = 1 REMOVE OUTPUT DISPLAY #02.
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TABLE V

_INSTAUCTiOM FORMATS WITH OPTIONS

| OISPLAY |

_ age o
s ORDERS | : 33.2,)
TABLE VI
Definitions
A Boolean wvariable which has the wvalue “1 if the
indexing option i{s used, i.e., il there 1s 3 registar
specified in the RM portion of the format statement.
if the RM portion is blank, i=0.
| A Boolean variable which has the valua “1" if the
Produet Masking (PL) option is used.
G . A Boolean variable which has the value “1” if the
compiement (C) option 1s used.
Le . __.__. If]]z]., Le=1..
If p=0, Le=11] 111.
Thus, R.-Lp = f }g-%gﬁf{}—l

D, 1 ¢=1, Xe is the binary complement of X.
Jfe=0, Xoe=3X.

Mp) ... i'ne Call Store location identified by p.

1X B ___ ... Arithmetic product of i and R.

K+X_ _ . Aritlitnetic sum of K and X.

K-—-X__ ... Arithimetie difference of K and X

KX ___ ... Liogteal product (ANTY) of K and X,

Ki1X_ ___.___. Logicsl union {OR) of X and X,

KX . .. Excluszive OR of K and 3.

AB_. . __. if A, then B.

K—-+X Y __ .. __ the contents of register K replace the contents of
register X and register Y. Register K remains un-
changead.

LA-CPF_____.__ The C F/8’s, 8 and II, are set to reflect the sipn and
%&Iﬂﬂ@ﬁﬂﬁit}" of the conlents of register LA during

ER L 7 T - Transfer to the Program Store Location g,

Ky M. __._ ... Contents of the X register shifted to the left by M bit
positlons,

K2 2M.._. ... Contents of the K regisier shifted to the right by A bit
positions,

E-ﬂ) Mo Contents of the K register rotated clockwise (left) by

r M bit positions.

KN M______. Contents of the X regisier rotated counterclockwise
(right) by M bit positions.

DA L Pata-address part of an order.

| Contents of register specified by the RA! portion of the

format statement.
The result of indexing is desiznated by

It mndexing is net available or is available but not spaci-
fled (i=0),

p=DA
It indexing is available and specified (i=1),

p=DA-+R

15,4,3,2,,0 *MTWRK, 5 4 9,13,07

’5.4,3,2,1,0 OHETWORKyy 5 14 05, 16,18
k5.4,3,2,1,0 —SOUTPUTy, 5 4 3 3 1
2.1,0

| EXECUTION OESCRIPTION '

IF {1 :03.Ry —2X,CF; STOP . »
IFi=0:0; —eX,cF; STOP SEE B BELOW

IF L =1 ¢ 0y Ry =X, CF
xF iﬂﬂ : 03 -—sX . CF

IF = :03-Ry —X CF
IF | =0 iﬂl -sX ,CF

SEE "B BELOW

SEE "A’ BELOW

| IF =1 Dy oy o) CF
IF {=3: Dy =X, CF

SEE *8” BELow

IF i=%:

| IF {=0: Py -X CF:

ACTI0M

s Eﬂ.ﬂﬂ”"n ..?

Accordingly, it is seen that a stored program, word
organized computing apparatus is provided for displaying
to the programming student both the details of its in-
ternal intormation processing during discernably distinct
phases of its operation as well as a tangible representa-
tion of the product of its computations. It is to be under-
stood that the above-described arrangements are merely
iliustrative of the application of the principles of the in-
vention. Numerous other arrangements may be devised
by those skilled in the art without departing from the
spirit and scope of this invention.

What is claimed is:

1. A stored program teaching machine comprising an
information processing wnit and a display unit, said in-
formation processing unit having a program store, a plu-
rality of registers, a plurality of gates, and apparatus for
performing arithmetic and logical operations, means for
selectively decoding instructions in said program store, a
plurality of displaving means within said display unit for
displaying, respectively, the contents of said registers, the
state of each of said gates and the type of operation
being executed at any time by said apparatus for per-
torming arithmetic and logical operations, and means
controlled by the instructions in said prosram store for
selectively activating said displaying means in accordance
with the contents of predetermined ones of said registers.

2. A stored program teaching machine in accordance
with claim 1 wherein the contents of individual bit posi-
tions of said predetermined ones of said registers control
respective ones of said displaying means within said dis-
play unit,

3. A stored program teaching machine comprising an
mformation processing unit and a display unit, said in-
formation processing unit having a program store, a plu-
rality of registers, a plurality of gates, and apparatus for
performing arithmetic and logical operations, multiphase
clock means, means for selectively decoding a portion of
eachi 1astruction in said program store during a respec-

40

$13

60

G5

70

75 tive phase of said clock means, means for selectively dis-
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playing on said display unit during respective phases of
said clock means the conlents of said registers, the state
of each of said gates and the type of opcration being exe-
cuted at any time by said apparatus for performing arith-
metic and logical operations; and means controlled by
the instructions in said program store for selectively actl-
vating said display unit in accordance with the contents
of predetermined ones of said registers.

4. A stored program teaching machine 1n accordance
wtih claim 3 further including means responsive to 1n-
structions in said program store for isolating said display
unit from said predetermined ones of said registers.

5. A stored program teaching machine comprising an
information processing unit and a display unit, said in-
formation processing unit having a program store, a plu-
rality of registers, a plurality of gates, and apparatus for
performing arithmetic and logical operations; means for
selectively decoding instructions in said program store.
respectively, to designate a particular operation of satd
apparatus, and to enter particular information bits of said
instructions into said registers, means for displaying o1
said display unit the contents of said registers, the state
of each of said gates and the type of operation bemg
executed at any time by said apparatus for performing
arithmetic and logical operations, and means controlled by
the instructions in said program store for selectively
activating said display unit in accordance with the con-
tents of predetermined ones of said registers.

6. A stored program teaching machine in accordance
with claim 5 further including means for selectively alter-
ing the contents of individual bit positions of said prede-
termined ones of said registers to control respective dis-
play portions of said display unit in accordance with said
program instructions.

7 In a stored program teaching machine having a
plurality of registers, logic function execuling devices,
gates and interconnecting buses, a block display diagram
depicting said registers, said logic function executing de¢-
vices, said gates and said interconnecting buses, means
for displaying on said diagram the instantaneous contents
of said registers and the states of said gates respectively,
multiphase clock means, memory means for storing pro-
gram instructions, means for decoding said instructions
to operate said registers, logic devices, gates and 1nter-
connecting buses in sequence with the phases of said
clock, and means for selectively stopping said clock to

prolong the instantaneous display of the contents of said
registers on said diagram.

8. In a stored program teaching machine according to
claim 7 wherein said means for stopping said clock is

by |

i{)

15
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selectively operable in accordance with program inst{ruc-
tions stored in said memory nicans.

9 A machine for teaching the programming of stored
program controlled communications switching systems
which include telephones, trunks, and interconnecting
switching paths comprising means for displaying the re-
spective busy and idle states of each of said telephones,
trunks, and interconnecting switching paths of said sys-
tem, means for storing a plurality of program orders {or
conirolling the operation of said system, means for exe-
cuting the logical and arithmetic operations called for
by said orders, a plurality of register means for tempo-
rarily storing the information developed by said exccuting
means during the execution of said orders, first means
controlled by said registers for displaying the information
respectively stored therein, and second means Iespec-
tively controlled by said registers in response to prede-
tarmined ones of said orders for operating said means for
displaying said respective busy and idle states of said tele-
nhones, trunks, and interconnecting switching paths of
said system,

10. A teaching machine in accordance with claim 9
wherein said last-mentioned means includes means for
controlling the display of the busy and tdle state of said
telephones, trunks, and interconnecting switching paths 1
accardance with the execution selectively of logical prod-
act and logical union operations upon the information
contents of said registers,
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