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SECTION 240-105-101

2. MAJOR FUNCTIONS 2.06 Th e data control, digit control, and sender
control circuits are described together. All

2.01 Th e major functions of the data, digit, and three circuits make use of the data and digit store
sender control area are to handle incoming a nd they are i n t e r re lated in m any o f t h e i r f u n c ­

and outgoing data messages, to receive digits, and tions. Much of the data control circuitry (the
to outpulse digits. (See Fig. 1.) The data and digit address register, the memory register, and the
store is used in conjunction with all four functions. scanner) is used by the digit control and the sender
The scanner circuit is used to provide sample control. Fig. 2, for general reference, shows the
access between the various data trunks, digit re­ entire data, digit, and sender control area.
ceiver circuits, and the data and digit store. The
four functions can be performed for as many as

3. ORGANIZATION OF DATA AND DIGIT STORE82 switch units on a time-sharing basis.

A. General2.02 Th e switch unit sends an incoming message
to the call processor when a line goes oK­

3.01 T he d ata and digi t store contains 512 words.
hook. This incoming message is received serially

Three-quarters of the store is used for digitby the incoming data trunk circuit and is shifted
receivers. The bottom quarter of the store consists

into the store through the memory register. When
of data information. (See Fig. 8.)

the complete message has been accumulated by the
store, it is sent to the call processor, in parallel
form, through the memory register. 8. Digit Receiver Area

2.03 Th e call processor then sends an outgoing 3.02 Forty-two digit receivers are numbered 2

message to the switch unit to connect the through 48. (See Fig. 8.) E ach digit re­
digit trunk to the l ine which had gone off-hook. ceiver is allotted eight words. A digit receiver area
The message is loaded into the data and d ig i t is described by bits 4 through 9 of the address

store in parallel form. I t is shifted out of the store r egister. B i t s 1 t h r ough 8 i dent ify one of t h e
serially. In this way, the store and the data control eight words in a digit receiver area.

circuit are used for serial-to-parallel and parallel­
to-serial conversion. 3.03 The first four words of the eight words

assigned to each digit receiver are used for
2.04 Wh e n the calling line is connected to a digit control functions. The last four words are used to

t runk at the switch unit, the digit trunk is store digits. A t o ta l of 16 d ig its can be stored,
connected to a digit receiver at the control unit . 4 digits per word. The fifth word contains digits 1
The digit receiver accepts TOUCH-TONE (T-T) through 4, the sixth word contains digits 5 through
signals or dial pulse signals and translates them to 8, the seventh word contains digits 9 through 12,
a 2-out-of-8 paral lel code. The digi t control c i rcu i t and the eighth word contains dig its 18 through 16.
receives this code when the digit receiver is en­ Words one, two, and four are used primarily by the
abled by the scanner. It uses the store to count the digit cont rol . T h ey a r e concerned w i t h r eceiv ing
dial pulses, time the in terdigital in tervals, and incoming digits f rom the d igi t r eceiver. Words
store the digits received. When the digit message three and four are used primarily by the sender
is complete, it is forwarded to the call processor. c ontrol. Th e f o u r t h w or d conta ins the t r unk a n d

switch unit numbers which are used in outpulsing.
2.05 The sender control circuit is used only on

those calls which require outpulsing. The C. Data Area
sender control uses the data and digit store to
count outpulses and to time interpulse intervals 3.04 There are 82 four word switch unit areas.
and interdigital intervals. I t uses the trunk num­ The address for a switch unit word consists
ber, which is stored with the digit information, to of: bits 8 and 9 (which are always 1 and 1), indi­
activate the trunk connector circuit. The trunk cating the bottom quarter of the store; bits 8
connector circuit has a function similar to the through 7, representing the switch unit number;
scanner. It directs the outpulsed message to the and bits 1 and 2, representing one of the four
p roper t r u nk . words.
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ISS 2, SECTION 240-105-101

3.05 Th e f ir s t t h ree words of t he swi tch uni t In this way, the scan of the store is used to handle
area are concerned with the outgoing data data trunks and digit receivers at the appropriate

message. The contents of these words are fed into rate.
the outgoing data trunks. The fourth word con­
tains the incoming data message. The incoming E. Scan Control Circuits
data trunk loads its message into this word.

3.09 The data control command logic is shown

D. Store Scan in Fig. 1 and in more detail in Fig. 2. The
circuits which control the scan are shown in the

3.06 Th e words in the data and digit store are lower left-hand corner of Fig. 2.
read out in a definite pattern. The beginning

of the scan cycle is used to process three digit re­ 3.10 The end of the data scan is determined by

ceivers. Each receiver uses seven word t imes the scan interruption counter which ac­

(seven read,'write cycles). However, when 15 of tivates the STP lead. The first digit receiver num­
the 21 word times have been used, the call proc­ ber is then gated from the temporary receiver

essor is prohibited from interrupting the scan. It number register to the address counter and in turn

must wait until the scan is complete and deliver its to the address register and the first read/write

interruption command during the new scan. Each cycle of this scan then begins.
read/write cycle contains eight 1-@sec phases
known as T00 through T70. Therefore, the three 3.11 Each digit receiver scan has seven word

digit receivers require 21 word t imes (168 @sec) t imes. However, Fig. 3 shows that there

to be processed. This is referred to as the digit are eight words associated with each digit receiver.

scan. The store is then directed to the data area. Certain of the eight words are scanned every cycle

The words in the data area are read sequentially. while others are scanned as needed. Table A shows

The three words concerning the outgoing message the scan sequence for one digit receiver scan. The
seven word times used are shown under the columnare scanned and the fourth word concerning the
"Word Addressed."incoming data message for each switch unit data

area is then scanned. Each succeeding switch unit
data area is processed sequentially until the data TA8LE A

scan is complete. One hundred and twenty-eight SCAN SEQUENCE FOR ONE DIGIT RECEIVER
word times (1024 IILsec) are required to completely
scan the swi tch un i t a r eas.

WORD TIME WORD ADDRESSED

3.07 Tw ent y - one word t i m es ( 168 @sec) are re­
000

served for the call processor to interrupt
the normal scan cycle. However, when 15 of the 001
21 word times have been used, the call processor

010is prohibited from interrupting the scan. I t must
w ait un t i l the scan is complete and del iver i t s i n ­ 011
terruption command during the new scan. Fig. 3

100 or 101 or 110 or 111 or 000
shows some representat ive scan inter rup t ions. The
call processor can address any word in the data and 100 or 101 or 110 or 111 or 000
digit store during a command interruption which

010
can occur during a data or digit t ime. I f the call
processor does not use all 21 word times by the end
of data scan, the system waits unti l the allotted 3.12 Th e d i g i t c ontrol t im ing c i rcuit supplies
scan time is completed, then a new scan cycle is timing phase leads to the digit control dur­
started, the next three digit receivers are scanned, ing the digit scan. This t iming is generated by
etc. combining the eight clocking phases T00 through

T70 with the seven outputs of the word time
3.08 Fifteen scan cycles of the store are used to counter (see FS1 of SD-1H038-01), giving a total

scan all the d ig i t r eceivers. A c t ua l ly , t im e of 56 timing pulses numbered T000, T010,. . . . . .
,

is used for three receivers which are not equipped. T540, and T550 (see Table B). The receiver areas
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SECTION 240-105-101

are also counted. When three receivers have been tually consists of two parallel carry binary count­
scanned, the timing circuit activates the GO-1 lead. ers. The first counter consists of bits 1 through 3.
This lead gates the number of the next receiver The second counter consists of bits 4 through 9,
(first receiver of next scan) from the address The two counter sections are t ied together by
counter to the temporary receiver number register. means of the SAD gate.
The address counter is then cleared (reset) and
the first data address (110000000) is jam set into
the address counter. Jam set here means changing 4.02 T h e counting operation is as follows. Gate
the address to one that is not the next in sequence.

IADG is activated by lead T10. This pulse
The address counter is incremented by one during increments the first parallel carry binary counter.
each following read-write cycle to advance through When bits 1 through 8 are all ones, the SAD gate
the data scan. is activated. The SAD gate increments the second

counter. Inhibit address counter advance leads
3.13 Comm a nds from the call processor may in­ IAD, IAD2, and I AD3 are used to i nh ibi t t he

terrupt the normal d i g i t and data scans at pulsing gates. At T l the address counter is incre­
any time. Al l the interruption commands activate mented. At T7 the new address is gated from the
the command start (CST) lead. This lead activates

address counter to the address register,
the command logic, which in turn gates the normal
scan address from the address counter to the tem­
porary store address register. It also allows the
scan interruption counter to be incremented once 4 .03 T he add r ess i n t he add r e ss counter is ,
every read-write cycle throughout the duration of therefore, effectively ore word time ahead

the command. At the completion of the command of the address regi ter. The address used to access

it gates the normal scan address back to the ad­ the data and digit store is derived from the address

dress counter. register. This is done because the address counter
is in a transition state, but the address register is

4, ADDRESSING AND SCANNING stable during the reading of the store. This holds
true whether the counter is merely adding one to

A. Address Counter facilitate scanning the data area or if interruption
commands are used to change the address to an

4.01 T h e address counter advances the address entirely new location in the store. The address
for a continuous scan cycle of the data and register and the address counter contain the same

digit store. (See Fig. 4.) The address counter ac­ information from T70 through TOO.

TABLE B

DIGIT CONTROL TIPhE PHASES

DIGIT DIGIT CONTROL TIMING I.EADS

CONTROL WORD WORD WORD WORD WORD WORD WORDTIME TIME TIME TIME TIME TIME TIME TIMEPHASE I 2 3 4 S 6 7

T00 T000 T080 T160 T240 T320 T400 T480
T10 T010 T090 T170 T250 T830 T410 T490
T20 T020 T100 T] 80 T260 T840 T420 T500
T30 T080 T110 T190 T270 T850 T430 T510
T40 T040 T120 T200 T280 T860 T440 T520
T50 T050 T130 T210 T290 T870 T450 T530
T60 T060 T140 T220 T300 T380 T460 T540
T70 T070 T150 T230 T810 T890 T470 T550
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B. Scanner TABLE C

4.04 I n addit ion to being used for addressing the SCANNER OUTPUT TO SELECT STORE ADDRESS
data and digit store the output of the ad­

dress register is also used by the scanner circuit. ADDRESS REGISTER BITSSCANNER
The function of the scanner circuit is to enable the OUTPUT
incoming data trunks, outgoing data trunks, and
digit receivers when the appropriate area in the X1
store is being scanned.

4.05 I n scanning the digit area of the data and
digit store each digit receiver is scanned

for seven of the eight words associated with i t
(refer to 3.11). The address of the digit receiver Yl
word is generated by flip-flops AR 1-3. It is neces­
sary that the receiver be addressed throughout the
entire seven word times of the scan. Since bits
AR 1-3 determine which of the seven words of the
scan is being addressed, AR 1-3 need not be used
by the scanner in determining which digit receiver Z1
is being scanned.

4.06 T h e i ncoming and outgoing data t r unks
also make use of the scanner. Whenever

AR8 and AR9 are both set to "ones," this indicates
t hat the switch uni t por t ion of t h e scan is i n
progress. As previously stated, each switch unit
assignment (0 through 31) has a group of four
words associated with i t i n t h e data and d ig i t
store. In order to acquire or deposit information
from or to the appropriate store location, the — = lead not used to obtain scanner output

scanner outputs are used by the incoming data 1 = set state of AR­
trunks to deposit information in word 4, and by
the outgoing d ata t r u n k t o a c q u i re i n f o r m a t ion 0 =.. reset state of AR ­

(from either words 1, 2, or 3) to be sent to the * = b i ts 2 and 1 can be 00, 01, or 10 but not 11
switch un i t .

4.07 Summ ing up, the scanner can be used to (1) Accept bits f rom peripheral circuits to be
enable both digit receivers and incoming or written in to the data and digit store for

outgoing data trunks by the appropriate selection later processing.
of the X, Y, and Z leads formed in the scanner cir­
cuit. Fig. 4 is a general schematic of the transla­ (2) Accept bits which are read out of the store
tion, and Table C gives a condensed formation of and to write them back into the store (see
the X 1-4, Y 1-4, and Z 1-7 leads. For a complete Fig. 5).
application of these leads, see the Data Control
Circuit (SD-1H085-01) Cross Connection. (3) Act as a shift register for processing in­

coming and outgoing data messages.
5. MEMORY REGISTER FUNCTIONS

(4) Act as a counter when necessary in process­
A. General ing digit i n formation. F ig . 5 shows two

views of the memory register. The view called
5.01 The functions of the memory register are bit shifting contains the necessary logic circuitry

to: to explain the shifting function. The view called
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bit counting shows only those gates necessary to time circuitry is used to recognize a 1 in this posi­
accomplish the counting function. tion signifying that a complete message has been

received and that further shifting should be in­
B. Shift Register hibited. The contents of the memory register are

written into the data and digit store without shift­
5.02 T h e data and digit store is read at time T00.

ing and are cycled between the store and memory
The output of the store is used to set the register until the program is ready to accept the

b its in the memory register (MR). I f a bi t in the
message.

store is a 1, it sets the corresponding fl ip- flop in the
memory register when it is read. If it is a zero, no

5 .06 Out g o in g m e ssages a lso use t h e s h i f t i n g
action takes place. Al l the b i ts of the memory function of the store to shift the bits out. It
register are reset to zero at the beginning of the is noted that MR2 cannot shift into MR1 because
read-write cycle. The word in the store is then

the SH1 gate does not have MR2 as an input and
read into the memory register. I f t h e memory the first outgoing data bits are sent to the outgoing
register is not being used as a shift register, the data logic from MR2 as each bit of the word is
inhibit shif t ( I N SH ) l ead is g rounded and the successively shifted into MR2. When bits 3 through
shift enable (SHEN) lead is positive. Therefore, 16 are detected as being all zeros and MR2 is a
IS gates 1A through 16A are enabled and SH gates "one" (outgoing messages always have a one in
2 through 15 are inhibited. When a bit position is bit 16 originally), MR1 will then be sampled (the
set to 1, the set output of the flip-flop for this bit is one in bit 16 originally is not sent out).
in the ground state.

5.07 T h e IN W l ead inhibits both the IS gates5.03 W hen i t i s desirable to use the memory
and the SH gate, thereby causing zero out­

register as a shift register, the SHEN lead
put on all SW leads, which clears the store.is ground and the INSH lead is positive. Now IS

gates 1A through 16A are inhibited and SH gates
2 through 15 are enabled. As an example when C. Counter

MR16 is a 1 (set side at ground state), the SH15
gate is enabled which in turn enables the SW15 5.08 F i g . 5 also shows the bit counting function

of the memory register. Only 4 b i t s aregate. Lead SW15 writes the 1 into bit 15 of th
store. The bit has therefore been shifted one posi­ shown, but the memory register has the capability

t ion to the r ight . By controll ing the INSH and to count in four separate sections. The first counter
consists of bits 1 through 4, the second counterSHEN leads, it is possible to make the memory
consists of bits 5 through 8, a third consists of bits

register write its contents directly into the store
9 through 12 , an d a f ou r t h c o n s ists o f b i t s 1 8in the same relat ive posit ion or to shif t i t s message
through 16. I t i s possible to t ie the fi rst t h reedown one position to the right.
counters together and use bits 1 through 12 as a

5.04 This shifting function is used either to re­ single large counter.

ceive incoming messages or to send outgo­

ing messages from and to the switch unit. The 5.09 T h e counting (CT) gates shown in F ig. 5

incoming message bits are fed to the set side of are not actually part of the memory register

MR16 dur ing t ime T20. A t T 4 0 t h i s bi t i s w r i t t en functional schematic . T h ey b e long to t h e c i r cu i t

into bit 15 of the store. On the next scan at T00, called plus 1 adder. However, it is convenient to

bit MR15 is read out of the store, at time T20 the show their operation directly w ith the memory

next bit of the incoming message is used to set bi t register. The SH gates are disabled during the

16 of the MR, and the first bit is now read into counting function and are not shown.

MR15. Both bits are shifted to the r ight by one
position when wr i t ten back in to the store at T 4 0 . 5.10 C ount ing is accomplished by using the +1

The entire 12 or 14 bits of the incoming message adder, memory register, and the read-write

are processed in th is way . cycle of the store. C onsider tha t M R 1 t h r o ugh 4
are all zeros. The output of each flip-flop goes di­

5.05 S i nce the first bit of an incoming message rectly to its IS gate. In the case of all zeros, all the
i s always a 1, i t w i l l cont inue to shif t down IS gates are inhib i ted because bits MR1 th rough 4

the memory register until it reaches MR2, at which are reset. However, when the CT11 gate is pulsed
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by a positive pulse with MR1 reset, the "and' 6. DATA CONTROL
condition of gate CT12 is satisfied, causing the
output of the SW1 gate to go to ground. Therefore, A. Incoming Message
a 1 is written into bit 1 of the store, while bits 2
through 4 are written as zeros. 6.01 Th e incoming message bits are sent serially

from the switch unit to the incoming data
trunk. (See Fig. 6.) When the word in the data

5.11 On the next scan MR1 is set to a one by the and digit store associated with the incoming data
store while MR2 through 4 remains reset. trunk is addressed, the scanner enables the trunk

The set side of the MR2, MR3, and MR4 being to sample the incoming data. I f the bit in the in­
positive inhibits their respective IS gates. How­ coming data trunk was a 1, the ICDO lead sets
ever, gate IS 1A,B is i nh ibited f rom wr i t ing a MR16 of the memory register. The memory reg­
"one" back into MR1 because gate CT13 is now ister is used as a shift register in this operation.
enabled. Gate CT13 conditions are satisfied be­ The bit is shifted one position to the right when it
cause the reset side of MR2 and the set side of is written into the data and digit store (see Fig. 5).
MR1 are ground, when the CT11 gate is pulsed to On succeeding scans the other bits of the message
ground. The result is that bit 1 in the store is reset are sampled and shifted into the store through the
and bit 2 is set to a one. Bits 3 and 4 are still zeros. memory register.
On succeeding scans, similar techniques cause the
count of bits MR1 through 4 to be incremented 6.02 T he b i t r a t e o f t he i n c om ing m essage is
once every cycle. such that each bit is sampled at least once

( scan cycle time 'message bit duration = 7 /8 ) .
When a bit i s sampled for the second time, the

5.12 T h e preceding description is shown on line
incoming data trunk puts a positive potential on

2 of the counter operation chart (center of
Fig. 5). The first column of the chart shows the the SH8 lead (Fig. 6), which sets flip-flop NSH3A.

state of the memory register which has been read This in turn causes the INSH lead to go to ground

from the data and digit store. The next column and conversely the SHEN lead is positive. The

indicates the particular CT gate which is operated. shifting function of the memory register is in ­

The third column shows the IS gate or gates that hibited at this t ime, the word is wr i t ten into the

are inhibited by the CT output, i f any ; and the store, and the pulse is therefore not double

fourth column shows the information that is writ ­ sampled.

ten into the store.
6.03 When the incoming message has been com­

pletely shifted into the store, bit MR2 con­
5.13 When the lower order bits are all ones (e.g. t ains the start bi t ( see Fig. 7) . The start bi t i s

MR1 through 4), gate CT16 inhibits ones always a 1. MR2, being a 1, enables gate NSH5
f rom being wr i t ten back into b its 1 th rough 4 and in the shif t cont ro l c i r cui t w h ich sets the NSH 3A
c auses gate CT21 (not shown on F ig . 5 ) t o b e flip-flop. This inhibits the shift . B i t MR2, being
pulsed to ground and the second group of 4 bits a 1, causes the WMR2 lead to be positive which
(MR5 through 8) are incremented by one. The inhibits gate NICD so that no further bits can be
second group of 4 bits will be incremented once received by the memory register for th is switch
every time the lower order bits are all "ones." unit. The incoming message is cycled between the

store and the memory register wi thout shif t ing
until the program is ready to accept the message.

5.14 In th i s m anner the memory register, the
plus 1 adder, and the store all operate to­ 6.04 The call processor is organized to handle

gether to perform a counting function. The func­ the problems of each switch unit in what is
tion is limited in that only one count can be added called a sector. At the beginning of each sector a
per scan, and in that the counter is only enabled start (STT) command interrupts the data control
during the digit portion of the scan. Both the digit to perform t h ree f unc t ions :
and the sender control use it for t iming, counting
dial pulses, and count ing i n coming and ou tgo ing (1) It checks to see if the outgoing data trunk
digit positions. for the switch unit is available.
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(2) I t checks to see if an incoming message has go to ground. I f the IDLD lead is ground for this
been received by the data control and if so switch unit, the outgoing data trunk is idle. The

the message is gated to the call processor. call processor remembers this condition and at a
later time sends another command to load an out­

(3) I t causes the digit receiver of the digit con­ going message into the data and digit store. The
trol to be cleared if it was in the appropriate incoming message is interrogated during word 4.

state. The COV flip-flop is set during word 4 to end the
command. The call processor stores the incoming

6.05 Al l int e r rupt ion commands activate the message if it is complete and records the busy-idle
CST lead. The CST lead activates the com­ status at the outgoing trunk. Then it proceeds to

mand control logic. The command control logic process the sector (switch unit area at call store).
directs a number of events. The next normal scan If it becomes necessary to send an outgoing mes­
address is gated from the address counter to the sage, it checks i ts memory t o see i f t h e ou tgo ing
temporary address register. Then word 3 of the trunk was idle at the time of the STT command.
desired switch unit area is loaded into the address If the outgoing trunk is busy, the call processor
counter. This is accomplished by jam setting bits keeps sending request data t runk ( R DT ) c om­
8 and 9 of the address counter to one, gating the mands to the data control circuit. The RDT com­
switch unit number into bits 3 through 7, and jam mand checks word 3 for an idle outgoing trunk.
setting a one into bit 2. The command in progress When the outgoing trunk becomes idle, the next
(CIP1) fl ip-flop is set and i t act ivates the scan RDT command relays this information to the call
interruption counter. The address for word 3 of processor. Now everything is ready to load the
the switch uni t a rea is gated into the address new outgoing message into the data and d ig i t
register, and word 3 is read out of the store. store.
Word 3 is associated with the outgoing message
and its treatment is discussed later. Dur ing the 6.07 Th e l oad data trunk (LD T) c ommand ac­
read/write cycle of word 3, the address counter is tivates the CST lead which enables the com­
incremented by adding one. Then the address for mand control logic and sets the CIP1 fl ip-flop,
word 4 is gated to the address register, and word 4 causing the scan interrupt counter to start t iming.
is read into the memory register. Bi t MR2 con­ The contents of the address counter are then gated
tains the control bi t i f t h e message is complete to the temporary address register. The address
(see Fig. 7) . T h erefore, the incoming message counter is reset, bits 8 and 9 are set to one, the
ready (IMR) l ead t ransfers the indication of a switch unit number is gated into bits 3 through 7,
completed message to the call processor. The in­ and bits 1 and 2 are left zero.
coming message is then gated to the call processor
through a gate w h ich i s l ocated in th e cal l p r oc­ 6.08 Wo rd 1 is cleared from the store by using
essor. In the meantime, the COV fl ip-flop in the the destructive read-out mode during the
command logic circuit i s set . T h i s generates a LDT command. This inhibits the sense amplifiers
command-over signal which resets the CIP1 fl ip­ and all zeros are read into the memory register.
flop, stopping the scan interruption counter. The The outgoing data (Fig. 7) is gated into the store
COV flip-flop also sends a command-over signal to through the outgoing message gate. The first word
the call processor, and it gates the address which of a new outgoing message is gated into the mem­
marks the normal scan location back to the address ory register and written into the store. The ad­

counter. The normal scan is then resumed. dress is advanced by adding one to the address

counter. Word 2 is destructively read out of the

B. Outgoing Message store and the second word of the new outgoing
message is gated into the store. Then word 3 is

6.06 At the beginning of a sector (switch unit destructively read from the store and a third word
area) in the call processor, the STT com­ o f the new outgoing message is gated in. A t t he

mand is used to check for an available data trunk. beginning of each LDT command lead NSHN goes
(See Fig. 8.) The STT command directs the data positive. This inhibits sending of the message to
and digit store to read word 3 of the scanned the switch uni t un t i l the program g ives a go-ahead
switch unit area. I f word 3 contains all zeros, the signal by setting NSHN to ground. This is neces­
gate IDL1 wil l be enabled, causing lead IDLD to sary, for the program may wish to change the
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contents of the outgoing message by giving RED of each scan. The send bit in MR1 logic circuitry
and WRDS commands. sets the NSH7 flip-flop at T50, inhibiting the shift

of words 2 and 8 and also inhibiting the write of
6.09 Mess a ge bi ts a re sent to t he outgoing data the memory register during word 1. Therefore,

trunk on the OGDO lead by way of the out­ on the next scan word 1 is al l zeros and no act ion

g oing message logic, assuming lead NSHN i s takes place.

ground. When the outgoing message words are

addressed in the store, the scanner enables the 6.12 Wh en w o rd 2 i s r e ad, the s end bit in MR 2

corresponding data trunk and a one is written into c ircuitry i s u sed t o s h i f t o u t t h e b i t s
the trunk if the OD1A flip-flop is set. This flip-flop through MR2 of vvord 2. Now the shift is inhibited
is set during T8 of words 1, 2, or 3. A t T50 the during the third word of the data message by

N SH7 fl ip-flop is set to inhibit the shif t o f t h e VSH7. P>its are sent on subsequent scans using

other message words. For instance, if the message send bit in MR2 logic circuitry until the control bit
b its are being shifted out of word 1, the VSH7 of the second word is shifted into MR2. Now the

f lip-flop prevents shifting words 2 and 3. At T50 send bit in MR1 circuitry is used to send the bit in
when the NSH7 flip-flop is set, the first word has M R1 of w or d 2 t o t h e o u t go ing data t r u nk . O n

already been shifted into the store, but the shift word 2, however, the inhibit wr ite function is not
is inhibited for words 2 and 3. used. Instead a one is written into bit MR1. The

control bit in MR2 is shifted out of the store so
that on the next scan word 2 is all zeros except for

6.10 On the first scan after the message has
MR1 being a one.

been loaded, it appears exactly as in Fig. 7.
The message bit position does not necessarily cor­

6.13 T hi s a c t i vates the send par i ty logic por t ion
respond to the memory register bit position. In the

of the outgoing message l ogic. When word 2first word, bit 16 (control bit) is a one and bit 2 is
i s read, the NSH7 fl ip-flop is set to inh ibit t he

a zero. This word, when read into the outgoing
shift of the third word. Word 2 is wr i t ten back

message logic, activates a section of l ogic (not
i nto the store in an i n h ib i t w r i t e f u n c t ion . W h e n

shown in Fig. 8) which generates the start bits of
word 8 is read, the bit in MR1 (parity bit ) is sent

the message. The OD1A flip-flop is set, and a one
t o the outgoing data t runk .

is sent to the data trunk. The NSH3A fl ip-flop in
the shift control circuit (Fig. 6) is set immediately, 6.14 On t h e next scan words 1 and 2 are all zeros.
and the shift is inhibited during words 1, 2, and 3.

When word 3 is read, the message is sent
A one is written into bit position 2 of the first word.

using the send bits in MR2 logic. This is used until
t he control bi t o f w o r d 3 i s r ead in to M R2 . N o w

6.11 On the next scan the second start code bit the send bit in MR1 logic circui t ry sends the bit in
w hich had been w r i t t en i n t o b i t 2 o f t he MR1 (par i ty b i t ) , i n h ib i ts the wr i te f unct ion, and

first word is sent using a portion of the outgoing the message is complete.
message logic called in F ig. 8 send bit in MR2.
The OD1A flip-flop is set because bits 3 through 16 7. DIGIT CONTROL
are not all zeros and MR2 is a one. The NSH7
flip-flop is set at T50 (after word 1 has shifted) A. Receiver Scan
inhibiting the shift of words 2 and 3. On the fol­
lowing scan the send bit in MR2 logic is used again 7.01 Three digit receivers are scanned during

and a one is sent to the outgoing data t runk i f each scan cycle of the store. Seven word
MR2 is a one. The message is shifted out, one bit times (read write cycles) are used for each re­
per scan, unti l the control bi t wh ich was or ig inal ly c eiver. W o r d t im e s 1 t hr o ug h 4 c o r r espond t o
in MR16 has been shifted into MR2. Now, MR3 words 1 through 4 of the digit receiver store area

through MR16 are all zeros and MR2 is a one. A (see Fig. 9). The first 4 words are addressed by
portion of the outgoing message logic to send bit resetting the word address to 000 and adding 1 to
in MRI (not shown in Fig. 8) is activated and sets each read-write cycle to increment the counter.
the OD1A flip-flop if MR1 is a one. It is necessary Words 1, 2, and 4 contain control b i ts used by the
to do this because bit 1 of the store never shifts. d igit control . W o r d s 8 and 4 contain cont ro l b i t s
It is simply rewri t ten into its respective position used by the sender control. Words 5 through 8
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BIT POSITION IN STORE AND MEMORY REGISTER

16 15 14 13 12 11 10 9 8 7 6 5 4 2 I
WORD

TB=TRANSFER BIT
DEC BNY I: I DLE DIG.

INC DIGIT POS CTR DIALED DIGIT CTR MAKE, RCVR SLOTSET BY
BREAK I=BUSY

000 (1DPC) (DDC) TD2 AND TDI TB )D( PDTD (D(: INTERDIG ITAL
INTERVAL

4 3 2 I M 8 MS2 MSI3 2 PDTD: PREVENT
DOUBLE TOLL
DIVERSION

MS:MESSAGE STATES
T IE CENT. TIME AFTER

DIAL TONE AND INTERDIG ITAL TIMING TDT:TOLL
LINE OFF LAST DIGIT

2 0 0 1 TDT DIVERSION
TRANSFER

C8 C9 65 4S I I 10 9 8 7 6 5 4 2

OG DIGIT POS CTR DIAL PULSE TIMER OG DIG. INTERVAL SENDING COMPLETE
OPR: OUTPULSING

3 0 1 0 (ODP) OPR (DPT) SR (SC ) READY
SR: SENDER

4 3 2 3 2 3 2 4 3 2 READY

SW I TCH UNIT NO. SPARECO TRUNK NO. TD I AND TD2:
4 0 I I TD2 TD I

TYPE OF CALL

6 5 4 3 2 5 4 3 2

DIGIT I DIGIT 2 DIGIT 3 DIGIT 4
5 1 0 0

(OOXX)N
4 3 2 4 3 2 I 3 2 4 3 2

DIGIT 5 DIGIT 6 DIGIT 7 DIGIT 8
6 IOI

(OIXX)%

4 3 2 4 3 2 4 3 2 4 3 2 DIGIT
REGISTRAT ION

DIGIT 9 DIGIT 10 DIGIT 11 DIGIT 12
7 I I 0

(IOXX)N
4 3 2 4 3 2 4 3 2 I 4 3 2

DIGIT 13 DIGIT 14 DIGIT 15 DIGIT 16

8 (I I XX)

4 3 2 4 3 2 4 3 2 4 3 2

(xXOO) N (XXOI) N (X X I 0) K (X XI I) + N POSIT ION COUNTER

CONTENTS
((DPC AND ODP)

Fig. 9 — Store Layout of Digit Receiver and Sender Information

contain the stored digits. There is room for 16 the fifth word time. The sixth word time is used
d igits, 4 d ig i ts per w o rd . T h e fi f t h w o r d t i m e i s by the sender control to address the digit being
used by th e d i g i t c o n t ro l c i r cu i t t o s t o r e d i g i t s . outpulsed. Word 1 is addressed during the sixth
The word addressed depends upon the digit being word time if the sender control does not direct the
received. If it is not necessary to read a digit word store to a digit. The seventh word time is always
or. a scan, word 1 or word 5 is addressed during used to address word 3.
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7.02 The control bits and control counters in C. Types of Digit Messages
words 1 through 4 wil l be explained later.

The incoming digit position counter ( IDPC) sec­ 7.04 In t he processing of all types of calls, intra­
tion (MR13 through MR16) in word 1 contains the PBX as well as trunk, the first digit is al­
position of the digit . The two high order bits of ways handled in the same manner. (See Tables
the IDPC describe the word which is used to store D and E.) On the first digit receiver scan after
the digits (see Fig. 9). The two low order bits are the digit has been received, if the digit completed
used to describe the quadrant of the word which register is idle, the digit will be transferred to the
contains the digits. The IDPC bits are used to digit completed register. The digit receiver num­
remember which digit is being received. ber associated with the dialed digit wil l be gated

from the data control address register to the digit
control receiver number register. When the call
store output register (CO) of the program control

B. Receiving Digits contains the same digit receiver number as the
receiver number register and a RED DDR com­
mand is given, the contents of the digit completed

7.03 Th e d ig it receiver is enabled (can pass re­ register are t r ansferred to the CO. T h e d i g i t
c eived digits to the digi t control) by t h e completed register is cleared by the next STT

scanner throughout all seven word times. The command. The program will then decide what type
digit leads (Ll t h rough L4, Hl t h rough H4) are of call is being processed on the basis of the first
fed into the 2-out-of-8 translator (F ig. 10) which dialed digit.
translates the 2-out-of-8 code signal to a binary
number. Leads A, B, C, and D carry ing binary
digit i n formation are fed f r o m t h e 2 -out-of-8 TABLE E
translator into the memory register access circuit.
The leads are fed through OR gates into the digit MEMORY REGISTER TO DIGIT COMPLETED REGISTER

decoder circuit. The only things the digit decoder GATING FOR DIFFERENT CALLS

does is to recognize the dial pulse code (1111), to
send signals over the dial pulse (DP) lead to the MR TO DCR GATING TYPE OF CALL

digit control logic circuit if dial pulses are present,
and to determine whether an 8, 9, or 0 has been OCR

12 9 8 5 4 I

dialed. The digit control logic, in conjunction with I DIGIT
the +1 adder, counts dial pulses and also assem­
bles digits. W hen a d i g i t has been assembled, the Dl MR

16 13 12 9 8 5 4 I
digit control logic circuit presents this digit to the
OR gates in t h e m e mory r e g i s ter access ci rcu i t .
During word 4 the digit word address for word Dl OCR

12 9 8 5 4
time 5 is gated into the address counter from the
digit control logic on leads DRA, DRB, and DRC. 2 DIGIT

These leads are derived from the two high order Dl D2 MR
bits of the IDPC. During word time 5, the store is 16 13 12 9 8

addressed to the word which contains the digit
being received. The two low order bits of the IDPC

DI D2 D3
are fed into the steering circuit which are then DCR

12 9 8 5 4 I

coded to enable one of four gates: DT1A, DT2A,
3 DIGIT

DT3A, or DT4A. T h i s steers the digit into the
proper position in the store. The memory register DI D2 D3 MR

16 13 12 9 8 5 4
set function circuit and the memory register reset
function circuit provide inputs to the memory
register. The d igi t w o rds are fi rs t c leared by D2 D3 D4 DCR
reading the store destructively before steering the 12 9 8 5 4

f irst, fi f t h , n i n th , an d t h i r t eenth d i g i t s i n t o t h e 4 DIGIT

store.
Dl D2 D3 D4

16 13 12 9 8 5 4 I
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Intra-PBX Calls that a 4-digit transfer is required. No further
action is taken by the d igi t control un t i l f our

7.05 1- Digit Call: The reception of the first digit digits have been recorded. Once all d igits have
has been previously described. If no further been recorded, the second, third, and fourth digits

digit information is expected, the program wi l l will be gated to the digit completed register. A
release the digit receiver. RED DDR will transfer the information to the CO.

Again the digit receiver must be released by the
7.06 2- D igit Cal l: Af t e r t r a nsfer of t h e f ir s t program to clear the data and digit store.

digit w h ich c a n be 1 through 7 or
TOUCH-TONE 14, the program wi l l execute a Trunk Calls
WRT DS command to word 4 of the digit receiver
to set TD1 (Fig. 9). This informs the digit control 7.10 Fi r s t d ig it 9 or 8 : I f t h e f ir s t d i g i t o f t h e
that a 2-digit transfer is required. After accumu­ call is a 9, the call is treated as a regular
lating the two digits, the digit control will transfer CO trunk call with no change in the toll diversion
them to the digit completed register and the asso­ transfer routine. However, if the first digit is an
ciated digit receiver number to the receiver number 8, the program must decide if this is a Common
register. A RED DDR, directed to the appropriate Control Switching Ar rangement (CCSA) call or
d igit receiver, w i l l t hen r esul t i n t h e t r a n s fer o f an 8X-type call. I f i t i s a CCSA-type call, the ac­
the two dig i ts f rom the d ig it completed register to t ion taken is s imi lar to the 9- type call . I f t h e ca l l
the CO. If the program does not expect any further is an 8X type, the program must receive the second
digits, it then must release the digit receiver in digit before taking further action. Transfer of the
order to clear the corresponding time slot in the 8X is made in the same manner as the 2-digit call.
d igit receiver connector. This action wil l in turn However, since the first digit is an 8 or 9, bit C9
clear the associated digit receiver memory location is automatically set. This would normally cause
in the data and digit store. outpulsing to start f rom the second digit. Hence,

C9 must be reset and C8 set. The program must
7.07 3- D igit Call: The first digit of a 8-digit call give a WRT DS command to set C8 (bit 16) and

may be any number 1 through 7. After the reset C9 (bit 15) of word 2. Once C8 = 1, the out­
first digit has been received and transferred to the going digit position counter (ODP) will be updated
p rogram control, a WRT D S command wil l be t o a count o f t w o , and ou tpu ls ing w i l l s t ar t w i t h
e xecuted by th e p r o g ram t o se t T D 2 o f w o r d 4 . the third digit . A f te r outpulsing is complete, a
This informs the digit control that a 3-digit trans­ s ignal known as sender complete will (1 ) not i fy
fer is required. When the three digits have been the program that outpulsing has terminated, and
r ecorded, they w i l l b e t r a n s f e r red t o t h e d i g i t (2) cause the data and digit store to be cleared.
completed r e g i s ter . A f t e r ex e c u t ing t h e RE D
DDR, the program wil l release the digit receiver 7.11 TX or T X X : Th e i n i t i a l reception of the T,
and the data and digit store will be cleared in the which can be any digit 2 through 7, by the
same manner as previously described. program must b e decoded to de termine w h ether

TX or TXX is to be expected.
7.08 4-D i g it Cal l : The f ir s t d ig i t of a 4 -d ig it cal l

may be any number 2 through 7. This num­ (a) The transfer of TX to the program control
ber will be processed through the digit control in is performed in the same manner as a

t he same manner as the fi r s t d i g i t o f t h e 2 - a n d 2-digit in t r a -PBX ca l l . H o w ever, before second
3-digit calls, but unlike the first digit of the other dial tone can be given, the C8 bit must be set by
calls, the first digit of a 4-digit call must be stored a WRT DS. This again updates the ODP to a
by the program. Since the digit completed register c ount of 2 so that outpuls ing wi l l s tar t f r om t h e
can handle only t h ree d ig i ts , the second t ransfer third d ig i t .
will gate the second, third, and fourth digits to the
digit completed register . (b) The transfer of TXX to the program con­

trol is handled in the same manner as a
7.09 A f t er r e c e p t ion of t h e f ir s t d i g i t , t he p r o ­ 3-digit in t r a -PBX ca l l , but a f te r TX X h a s been

g ram wi l l execute a WR T D S se t t ing T D 1 decoded as a t i e t r u n k c o de, ou tpu ls ing m u s t
and TD2 of word 4. This informs the digit control start with the next digit . To accomplish this,
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the program must execute two WRT DS com­ 20.4 milliseconds. If t h is t iming occurs during a
mands before proceeding any further. The first dial tone period, counting wil l continue for 12 or
sets C8 and the other updates the ODP to a 24 seconds, at which time a time-out message will
count of 3. clear the store. The program will then be informed

via the digit completed register that the digit re­

Special Case ceiver has timed out. After a digit has been dialed,
time-out can occur in 6 or 24 seconds. In either

7.12 In c e r ta in situations, the program may not case, the counter wil l be reset i f a new d igi t i s

be able to determine how many digits to dialed.

expect, after reception of the first digit. An exam­
ple of this is the 1X or 11X codes. The program 7.16 T h e dial pulse call section of Fig. 11 shows
has no way of determining, after receiving a 1 as the STR lead condition for the last pulse of
t he first d ig i t , whether or not the second digi t w i l l a digit . On the fi rst scan of the break, the M bi t o f
be a 1. For t h i s reason, after receiving the fi rs t 1 , the control register is a 1 and the B bit is 0. These
conditions should be set for a transfer of 1X. It is bit states are gated from the store at time T020.
possible, however, that the 11X code is being When inputs STRA, DP, and NB are all ground at
dialed and that i t m ight be received before the time T030, gate DBS is enabled. The output of this
2-digit transfer is made. If this were to happen, gate resets the M bit, sets the B bit, and adds 1 to
the first two digits would never be transferred to the dialed digit counter (DDC) in the store. This
the digit completed register, since the incoming is accomplished by setting or resetting the bits in
digit position counter (IDPC) would be equal to a the memory r eg ister and t hen w r i t i n g t h e r esul t
c ount of 3 . C i r c u i t r y w i t h i n the d ig i t cont ro l w i l l back into the store. The +1 adder circuit is used
r ecognize t h i s c o n d i t ion a n d e x e cute a 2-d i g i t to add 1 to the DDC. The DDC is used to count the
transfer, even though three digits have been re­ Make-Break cycles of a rotary dialed digit . The
ceived. After the program receives the 11, it digit control logic can detect when a rotary digit is
should then execute a WRT DS command to set complete by timing for 160 msec after a Make= ..

TD2 and the 3-digit transfer of the 11X will ensue. Break cycle. When the digit is completely received
it wil l be transferred from the DDC to the digit

D. Digit Control Logic storage location in the store. Gate WRTD enables
the steering circuit to perform this function. Dur­

7.13 Th e d ig it control logic in conjunction with ing the second word at t ime T110, the dial tone
the +1 adder counts dial pulses, tempo­ time-out count in the t imer wil l be reset by gate

rarily stores the pulses, steers dial pulse or DTOR.
TOUCH-TONE (T-T) d igits into the proper digit
position of the store, and recognizes when the total 7.17 Du r in g t h e n e x t s c an t he t i m e r i s in c r e ­
number of digits have been received. mented, but no other action takes place. On

the first scan of the Make interval, however, gate
7.14 Some of these functions ares hown i n DMS is activated at t ime T030 during the fi rst

Fig. 11. Control leads are from the digit word. This gate updates the M and B bits in the
r eceiver. D u r i n g t h e b r eak i n t e rvals o f a r o t a r y s tore to ind icate a Make condi t ion. Several more
dialed digit and also while a T-T key is depressed, s cars are u sed i n w h i c h t h e o n l y a c t ion t a k i n g
the STR lead is ground which sets the STRF fl ip­ place is to increment the timer. On the ninth scan,
flop (see STR lead bufl'er section of Fig. 11). Leads counting from the first scan of the Break, the
STRA and NSTRA are used to enable various m emory reg ister conta ins a 1 i n M R 4 o f w o r d 2 .
gates in the d ig i t con t ro l l ogic c i r cu i t . During this scan the IDTA,B gate sets the IDTO

flip-flop during the second word time. During the
7.15 Word 2 of the digit receiver store area fifth word time the IDTOG gate is enabled and sets

contains the timer used for interdigital and the IDI ( interdigital interval) bi t in the memory
dial tone t ime (see Fig. 9) . T h i s t imer i s only register. The fifth word time is normally used for
active when the digit receiver is in a busy state addressing word 5 if no digits are being outpulsed.
(I bit of word 1 is a one). When this is the case, T he first word i s read dur ing the fi f t h w or d t i m e ,
gate CT12B w i l l i n c r ement the count once every as a special case, so that the ID I b i t can be set.
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7.18 On t h e next scan the IDI f l i p - f lop in t he B. Abbreviated Dialing of Central OIRce Call
control register is set, enabling a number

of gates. The DPG gate is activated during the
8.03 A f t e r the WRT S command has loaded the

f irst word t ime to reset the M b i t . The N EWD
sender register with the CO trunk number,

gate (see IDI functions in Fig. 11) is also activated switch unit number, and receiver number, the call
during the first word t ime to reset the IDI, reset

processor gives an LSD (load sender) command
the DDC, and add 1 to the IDPC. These actions

to the sender control. This is an interruption com­
prepare the control bits in word 1 to receive the mand. The CST lead (Fig. 2) performs essentially
next string of dial pulses.

the same functions as for any other interrupt com­
mand. The address of the normal scan is saved in

7.19 Th e s tate of the STR lead condition for a the temporary address register and the scan inter­
ruption counter is enabled. The LSD commandT-T call is shown in the lower port ion of

Fig. 11. Dur ing the fi rst scan of the Break the (Fig. 12) gates the receiver number from the

M and B bits are both zero. The STRA lead is sender register to bits 4 through 9 of the address

grounded, indicating the presence of a digit. The counter and sets bits 1 through 8 to 100 (word 5)
with the SD31B lead.MBS gate is enabled to set the IDI bit , the M bit ,

and the B bit. The DTOR gate resets the timer in
word 2. On the next scan the timer is incremented 8.04 Word 5 is read destructively into the mem­
but no other action takes place. On the first scan of ory register and the call processor gates the
the Make interval, the MBR gate is activated. This first four digits into word 5. In the meantime the
gate resets the M and B b i ts . I n t h i s way T -T address counter is incremented by adding 1. Words
digits are stored. 6, 7, and 8 are loaded in the same way. During

word 8 the counter adds 1 and the word address
becomes 000 (word 1). Word 1 is read destruc­

8. SENDER CONTROL tively into the memory register. The address com­
parator circuit sets the I bit to 1, indicating a busy
receiver, and sets the i ncoming d igi t p osit ionA. Regular Outgoing Call
counter (IDPC) to all ones. While word 1 is being
processed, ASK lead jam sets the address counter

8.01 The call processor assigns a trunk number to word 3. Word 3 is read destructively into the
to all outgoing calls. (See Fig. 12.) I t must memory register and the outgoing OPR (outpuls­

load this trunk number into the digit receiver area ing ready) bit is set. The address counter is incre­
o f the store. Th e W R T S c o m mand ( W R K l e a d ) mented by one and word 4 is read destructively
gates the t runk n u mber, the sw i tch un i t n u m ber , into the memory register. The CO trunk and switch
and the digit receiver number into the sender unit numbers are written into word 4.
register. It also gates a 0 or 1 into bit SCR12 of
the sender register to indicate an abbreviated

dialed call or regular outgoing call. C. Outpulsing

8.05 W hen the t runk and switch unit numbers
8.02 T h e SCR12 bit is a 1 for regular outgoing are written into the store and the OPR bit

calls. This bit enables the compare receiver is set, the sender control can access the selected
number circuit in the address comparator. The t runk t h r ough th e t r un k c o nnector and o u tpu lse
receiver number portion of the data control ad­ into it. On init ial digit 9-type calls the SR (sender
dress register is compared with the receiver num­ ready) bi t m us t a lso be set to permi t o u tpu ls ing.
ber in the sender register . W h en a compar ison is This bi t i s set when the second group of d i g i t s i s
made, the COMP fl ip-flop is set. This gates the transferred from the digit control to the program
t runk and sw i tch uni t n u mber i n to the store dur ­ control when bi t TD T i s set .
ing word 4.

8.06 T h e d igits are wri t ten into the store in an
Note: This is not an interrupt type of com­ inverted binary form. T h is is t rue of a l l
mand for a regular call. digit information wr i t ten into the store. This is
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