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|
FlG. 20 READ-L1 (SUPERVISORY SCAN OF
READ-S SUBSCRIBERS LINE 0925)

(S=0, L1=0 LINE IDLE OR
BEING SERVED BY COMMON CONTROL)

(S=1, L1=1 LINE IN
TALKING CONDITION OR

DENIED SERVICE) MATCH
MISMATCH
T
L (
S=1, L1=0 ORIGINATION OR TRANS|-
DISCONNECT) gé?N,IN A LINE OTHERWISE SERVED BY
READ-L2
TRANSFER TO .
DISCONNECT (L=t cc) L1[L2[LINE CONDITION
SEQUENCE - o| ofipLe
L2=0
RaainaTioNn [0 1|L1NE serveD BY cc
ADVANCE TO (HUNT FOR | 1| o|TALKING
SUPERVISORY SCAN oF AEEE)OR'G- 1| V[DENIED SERVICE
SUBSCRIBERS L INES READ-O-A (1ST REG.
Al=1 A1[a2[oR1G. REG. COND.
0-A1=0 0[REG. IDLE
\ (REG, POS- 1 BUSY-NOT READY
ADVANCE TO SUPERVI- s18Ly 1oLe) || '|For DIAL PULSES
SORY SCAN OF SUCCEED-
BUSY-READY FOR
ING SUBSCRIBERS L INES READ-0-A2 BRIErriradi
(A2=1.REG, BUSY)
CHECK SUCCERD ING A2=0 (REGISTER IDLE)
ﬁﬁG:SZERgR?gT'kEG WRITE 1-0-A2 (SEIZE ORIGINATING REGISTER)
IS FOUND !

WRITE 1-L2 (SET LINE TO THE "SERVED
BY COMMON CONTROL" CODE)

WRITE-OLE NUMBER IN ORIG, REG, (ASSIGNS REGIS-
TER TO A PARTICULAR CALLING LINE)
(12 BIT ADDRESS

FIRST SEVEN DEFINE CONCENTRATOR
NUMBER, LAST FIVE DEFINE 1 OUT OF 30
SUBS. LINES)

WRITE O-{0-PSPD, 0-DLC, O-PC]
(RESET ORIG. REGISTER)

WRITE 1 O-LL (RECORD LAST READ STATE OF
CALLING LINE)

WRITE 1 0-DT (ESTABLISH DIAL TONE CONNECTION)

W.A.BUDLONG
INVENTORS: G.G.DREW
1% J.A HARR
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Oct. 4, 1960 W. A. BUDLONG ET AL 2,955,165
ELECTRONIC TELEPHONE SWITCHING SYSTEM

Filed Oct. 7, 1957 53 Sheets-Sheet 21
FilG. 2/ READ-N-A (DETERMINE WHETHER NETWORK 1S IDLE
| OR BUSY)
N-A=1 NETWORK BUSY
| -
WRITE 1-N-RWO N-A=0
(INDICATE THAT WRITE 1-N-A (SEIZE NETWORK BY ABOQVE
OR1G, REG. ORIGINATING REGISTER)

REQUESTS SERVICE)

WRITE 1-0-RN GATE-OLE FROM ORIG. REG., OLE-O THROUGH
ATE-O . -
(RECORD REQUEST _ ‘oM
FOR NETWORK | OLE-11 TO CONC. LINE SELECTOR
SERVICE IN THE
OR1G. REG.) SET CONCENTRATOR NETWORK CONTROL

REGISTER TO "CONNECT A"
{ IMMED |ATELY SUCCEEDING TIME Tl)l

.
SEND CHECK TO |

COMMON CONTROL SET N-NPAO THRU N-NPA-13 IN NETWORK
REGISTER TO THE PARTICULAR FSS ADDRESS TO
. WHICH A TRANSFER IS TO BE MADE UPON
ESTABLISH CONNECTION COMPLETION OF CURRENT NETWORK JOB
BETWEEN CALLING
LINE AND AN IDLE
AT TRUNK

APPROX,
2.5 NS
(COMMON CONTROL PROCEEDS WITH
OTHER ORDERS AS THIS CALL MUST
WAIT UNTIL NETWORK COMPLETES
ITS CURRENT JOB)

SET IDENTIFIER TO THE
DISTRIBUTION NETWORK
ADDRESS OF TRUNK
CONNECTED TO

CALLING SUBSCRIBER

OPS-1, OPE-1 TO

BN [COMMON CONTROL

JOB NOT COMPLETED

CHECK NETWORK FOR COMPLETION
OF CURRENT JOB

1
AS ABOVE, CC PROCEEDS WiTH JOB COMPLETED
OTHER ORDERS UNTIL SUBSEQUENT
CHECK OF NETWORK {NDICATES
COMPLETION OF CURRENT JOB

W.A.BUDLONG
INVENTORS: G.G.DREW
8y J.A HARR

Oyok
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ELECTRONIC TELEPHONE SWITCHING SYSTEM
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FlG. 22 TRANSFER FSS TO THE PROGRAM
ADDRESS IN THE N-NPA SPOTS

CHECK CONCENTRATOR FOR COPS SIGNAL

COPS-0

MAKE ANOTHER ATTEMPT COPS-1

TO COMPLETE CONNECTION
THROUGH CONCENTRATOR

HUNT THROUGH DIAL TONE
TRUNK T3 SPOTS UNTIL AN
IDLE TRUNK IS FOUND

WRITE 1~T3 SPOT OF IDLE DT TRUNK
(SEI1ZE DT TRUNK)

TRANSFER FSS TO THE ADDRESS
CORRESPONDING TO THE BGS ADDRESS
OF THE SEIZED DIAL TONE TRUNK

(AT THIS FSS ADDRESS WE OBTAIN
THE DISTRIBUTION NETWORK TRUNK
EQUIPMENT NUMBER (DIST. NET. SEL.
ADDRESS) OF THE SEIZED DT TRK.)

GATE THE DISTRIBUTIOR

NETWORK SELECTOR ADDRESS (MARK B SIDE OF DIST. NET,
OF THE SEIZED DT TRUNK TO AT DT TRUNK ADDRESS)

THE DIST, NET. "B" SEL. REG.

GATE CONCENTRATOR TRUNK IDENTIFIER é'fg?r'( Ny oE ggDRESS

QUTPUT TO THE DISTRIBUTION NETWORK ~
e OF TRUNK CONNECTED TO
A" SELECTOR REGISTER CALLING SUBSCRIBER)

SET DISTRIBUTION NETWORK
CONTROL REGISTER TO THE
CONNECT CONDITION

W.A.BUDLONG

INVENTORS: G.G. DREW
J. A.HARR

8y
%‘k&sﬂ.&
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FIG. 23 |

(SEND CHECK T0 CC ‘

SET N NPAQ THROUGH N-NPA-13

IN NETWORK REGISTER TO THE
APPROX. | ESTABLISH CONNECTION PARTICULAR FSS ADDRESS TO WHICH
2.5 MS <§ BETWEEN MARKED TRKS, A TRANSFER !S TO BE MADE UPON

I - COMPLETION OF CURRENT NETWORK JOB

SEND 0OPS AND OPE
TO COMMON CONTROL

]
]
]
| i
»! (COMMON CONTROL PROCEED WITH
| OTHER ORDERS UNTIL NETWORK
COMPLETES CURRENT JOB)

TIME T2 CHECK NETWORK FOR COMPLETION OF CURRENT JOB

NOT COMPLETE

i
CC PROCEEDS WiTH
OTHER ORDERS UNTiL
NETWORK IND!CATES
COMPLETION OF
CURRENT JOB

COMPLETE
TRANGFER FSS TO PROGRAM

ADDRESS IN THE N-NPA
SPOTS

CHECK DIST. NETWORK 0PS

DN OPS O
DN 0PS1

MAKE ANOTHER ATTEMPT
TO COMPLETE CONNECTION
THRU DISTRIBUTION NETWORK

Wi-0-A1 (SET ORIG, REG. TC 10 MS
| DIAL PULSE SCAN)

|
GATE LAST 4 BITS OF THE ADDRESS
IN THE CONCENTRATOR IDENTIFIER
TO THE O-CLNO THRU 0-CLN3 SPOTS
(IDENTIFIES TRUNK CONNECTED
TO THE CALLING LINE)

READ NR-WR, NR-WD, NR-WO, NR-W1 SPOTS IN NETWORK
REGISTER TO DETECT REQUESTS FOR NETWORK SERVICE

W.A.BUDLONG
INVENTORS: G.G.DREW
BV J. A HARR

<5 ok
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FiG. 24 l
/|\
[}
{
|
|
|
|
I
|

IF A REQUEST FOR
NETWORK SERVICE IS
DETECTED, THE DESIRED
ACTION IS DETERMINED
AND EFFECTED

L

COMMON CONTROL PERFORMS NECESSARY
CONTROL ACTIONS WITHOUT REGARD
FOR THE CALL SERVED B8Y THE
NETWORK

(START 10 -MS SCAN FOR DIAL PULSES)

R-0-A1 (DETECT ORIG, REG, TQ BE
SERVED BY 10 MS SCAN)

Al=1
ADVANCE TO NEXT l
ORIG, REG, SET ACCESS REG, 1150 IN

- TO ADDRESS SCANNER
ACCORDANCE WITH O-OLE SPOTS TO CALLING LINE

, SERVED BY THE
GATE OLE NUMBER FROM PARTICULAR ORIG.
ACCESS REG. TO THE SCANNER |REGISTER

ADDRESS REG. 420

R-5 (COMPARE PRESENT STATE OF LINE
Ro-L WITH LAST READ STATE TO DETECT
LINE TRANSITIONS)

S=0,LL=0
S=1,LL=1 MATCH (NO CHANGE)
Y ‘ MISMATCH
NO TRANSITION SINCE LAST LOOK S=0, LL=! sorr HOOK TO ON Hooxg
NO ACTION REQUIRED . S=1, LL=0 {ON HOOK TO OFF HOOK
R-0-LL
LL=0
LL=1
INDICATES CHANGE FROM :
ON HOOK TO OFF HOOK W-0-LL (SET LL IN ACCORDANCE WI1TH SCANNER)
DETAILS OF ACTION SHOWN
IN CALL AS THEY OCCUR W-0-0-A1T (TO START INTERVAL TIMING)

ADD 1 TO OR{G. REG. (TO RECORD 1ST OFF HOOK
PULSE COUNTER TO ON HOOK TRANSITION)

R-0-DT (TO DETECT PRESENCE OF
DIAL TONE CONNECTION)

W.A. BUDLONG
INVENTORS: G.G. DREW
J.A. HARR
8y
s~«STP<ka
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DT=0

FlG. 25

-

DT=1

THIS PATH IS FOLLOWED ON
ALL BUT THE FIRST OFF HOOK TO
ON-HOOK TRANSITION AND 1S SHOWN

WRITE-0-0-DT (RELEASE DIAL TONE CONNECTION)

IN DETAIL AS SUCCEEDING
TRANSITIONS OCCUR

N-A=1 (NET

. Busy) J

READ-N-A (TO DETERMINE WHETHER NETWORK
IS IDLE OR BUSY)

CHANGE THE LAST 4

53 Sheets-Sheet 25

!

N-A=O (NETWORK IDLE)

WRITE 1-N-A (SEIZE

BITS OF OLE

NUMBER STORED IN THE ACCESS REG.,

1150 TO AGREE WITH O-CLNO THRU

0-CLN~3 SPOTS "IN THE ORIG.REG,

SET THE DISTRIBUTION

NETWORK

A TRUNK SELECTOR IN ACCORDANCE

WITH MOD!F{ED ADDRESS

ACCESS REG.

.SET DIST, NET,

IN

. o
SEND CHECK TO DIST. NETWORK
CONTROL REGISTER

RELEASE CONNECTION IN
DISTRIBUTION NETWORK
BETWEEN DIAL TONE TRUNK
AND TRUNK TO CALLING SUB-
SCRIBER

SEND OPS, OPE SIGNALS
TO COMMON CONTROL

SET N-NPAO THRU N

NETWORK)

IST 7 BITS OF OLE NUMBER
DEFINES THE PARTICULAR CON-
CENTRATOR, FOUR BITS FROM
0-CLN SPOTS DEFINE THE
PARTICULAR CONC. TRUNK, THE
11 BITS IN COMBINATION FORM
THE DISTRIBUTION NETWORK
TRUNK SELECTOR ADDRESS OF THE

,

PARTICULAR TRUNK

TO MARK THE "A" TRUNK
TO BE RELEASED

CONTROL REG. TO "RELEASE A"

TIME T4

-NPA-13 TO

THE PARTICULAR FSS ADDRESS
TO WHICH A TRANSFER IS T0. BE

MADE UPON COMPLET

10N OF

CURRENT NETWORK JOB

W.A.BUDLONG
INVENTORS: G.G.DREW
J.A.HARR
8y
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CHECK NETWORK FOR

COMPLETION OF JOB

NOT COMPLETE

NETWORK PROCEEDS WITH
OTHER ORDERS UNTIL
NETWORK INDICATES

—~ COMPLETION OF CURRENT- JOB

CHECK FOR D

COMPLETE

IST. NETWORK OPS SIGNAL

l DNOPS=0

MAKE ANOTHER
ATTEMPT TO
RELEASE. CONNECTION

GATE THE ADDRESS IN THE

DN-0OPS=]

TRANSFER FSS TO ADDRESS
IN N-NPAO THROUGH N-NPA-13
SPOTS IN NETWORK REGISTER

PREPARE. TO HUNT FOR

DISTRIBUTION NETWORK B TRUNK |BGS ADDRESS OF T3
IDENTIFIER TO THE MEMORY AND JSPOT ASSOCIATED WITH

~MATCH REGISTER 743

RELEASE DIAL TONE TRUNK

|
DIRECT FSS TO THE T3.SPOT
TRANSLATION AREA FOR THE
FIRST DIAL TONE TRUNK

SET ACCESS REGISTER IN ACCORDANCE
WITH T3 SPOT TRANSLATION WORD

MATCH WORD IN ACCESS REGISTER 1150
WITH CONTENTS OF MEM. & MATCH REG. 7.3

MISMATCH

!

PROCEED WITH SUCCEEDING

WRITE "O" IN T3 SPOT AT THE
UnrirOT TRANSLATION AREAS gac'i O ! CORRESPOND NG
TO THE ABOVE TRANSLATION

UNTIL A MATCH 1S FOUND

MATCH

(RELEASE DAL
TONE TRUNK)

AREA ADDRESS

READ 0-A1 (HUNT FOR ORIG. REG. READY T0

Al=0

DETECT DIAL PULSES)

PROCEED TO NEXT
ORIG. REG.

SET ACCESS R
SCANNER ADDR
IN ACCORDANC

Al=]

3 el o (ADDRESS SCANNER
E WITH 0-OLE spoTs | 10 CALLING LINE)

: W.A.BUDLONG
INVENTORS: G.G.DREW

J.A.HARR
8y
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" FIG. 27 READ SCANNER
‘ READ O-LL

MISMATCH

TIME TS5

[ MATCH
PROCEED TO DIFFERENTIATE |
BET¥E§=ST¥75§ OF " SEVERAL 10 MS DIAL PULSE SCANS OCCUR
AFTER DIAL TONE IS RELEASED AND
BEFORE LINE RETURNS TO OFF HOOK STATE.
INTERLEAVED IN THIS PERIOD ARE THE
100 MS SUPERVISORY SCAN AND THE 100 MS
TIMING SCAN AS FOLLOWS

READ L1 - (100 MS SUPERVISORY
READ SCANNER  SCAR)

MISMATCH

MATCH
" CHECK L2 SPOT TO
DIFFERENTIATE BETWEEN READ O-A1
D1SCONNECT, ORIGINATION

& LINE SERVED IN CC

, A1=0
Al=1 (LINE SERVED
1 ') TIME T6
ADVANCE TO NEXT (100 MS INTERVAL
COMMON CONTROL JOB READ O-A1T  1yiNG SCAN)
‘ 0-A1T=1
! 0-A1T=0
TIMEOUT SHOWN -IN
DETAIL BELOW WRITE 1 IN O-AIT (RECYCLE INTERDIGITAL TIMER)
READ 0-A1
(10 MS DIAL PULSE SCAN)
A0
l Als]
PROCEED TO NEXT
ORIGINATING REGISTER
SET ACCESS REG. 1150 AND
SCANNER ADDRESS REG, 420 IN
ACCORDANCE WITH O-OLE SPOTS
READ SCANNER
v TIME T7
VATCH READ 0-LL
| | MrswacH
PROCEED TO SCAN OF READ O-LL
NEXT ORIG. REG.
W. A. BUDLONG
INVENTORS: G.G.DREW
J.A.HARR *
)1
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FIG. 28 oot I
l I 0-LL=0
WRITE 1 IN O-LL

WRITE O IN O-AIT

SEVERAL 10 MS DIAL SCANS OCCUR AFTER PRECEEDING
TRANSITION FROM ON HOOK TOQ OFF HOOK AND IN

EACH CASE NO CHANGE IS NOTED IN SUPERVISORY STATE
UNTIL TIME T8 WHEN THE SECOND TRANSITION FROM
OFF HOOK TO ON HOOK 1S DETECTED AS FOLLOWS

0-Al=0

READ 0-A1
l (10 MS DIAL PULSE SCAN)

PROCEED TO NEXT
ORIG, REGISTER

MATCH

l 0-Al=1

SET ACCESS REG. 1150 AND
SCANNER ADDRESS REG. 420 IN
ACCORDANCE WITH O-OLE SPOTS

READ SCANNER
READ O-LL

PROCEED TO NEXT
ORI1G. REGISTER
0-LL=0

MISMATCH
READ O-LL

TIME T8

PROCEED AS
PREV. DESCRIBED

DT=1

O-LL=1 :
WRITE O IN O-LL (SET LAST LOOK iN
| ACCORDANCE WITH SCANNER)

WRITE O IN O-AIT (RECYCLE INTERVAL TIMER)

ADD 1 TO PULSE COUNTER (70 RECORD SECOND

PROCEED TO DESTROY
DIAL TONE CONNECTiON

IN ORIG. REG. DIAL PULSE)
READ 0-DT
DT=0
W.A.BUDLONG
INVENTORS: G6.G.DREW

gy J.A.HARR
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FlG. 29

10 MS DIAL PULSE SCAN CYCLES OCCUR WiTH-
OUT FINDING ANY CHANGE IN STATE; 100 MS TINE T8

SUPERVISORY SCAN FINDS ORIG. REG. O-A1

IN 1 STATE AND PASSES BY, 100 MS INTERVAL T0 T10
TIMER SCAN SETS O-A1T TO 1 STATE AND
COMMON CONTROL ACTION PROCEEDS

READ 0O-A1 (10 MS DIAL PULSE SCAN)

0-A1=0 _ [ TIME 10

[Al;l

SET ACCESS REG. 1150 AND
SCANNER ADDRESS REG. IN
ACCORDANCE YuTH 0-OLE SPOTS
READ SCANNER
_ READ O-LL SPOT
MATCH

MISMATCH
PROCEED TO NEXT READ O-LL
ORIG, REG.
LL=0
1

RECORD DIAL PULSE WR!TE 1 IN O-LL (UPDATE LAST LOOK SPOT)

& UPDATE ORIG. REG.

WRITE O .IN 0~-AIT (RECYCLE TIMER)

SUCCEEDING 10 MS DIAL PULSE SCANS FAIL TO DETECT
ANY CHANGE IN SUPERVISORY STATE DURING THE
INTERDIGITAL PER1OD; 100 MS SUPERVISORY SCAN
FINDS O-A1 IN 1 STATE AND PROCEEDS TO SERVE

THE NEXT LINE .

READ 0-A1
Al=0 (100 MS SUPERVISORY SCAN)
Al=l
PROCEED TO SERVE READ O-A1T (100 MS INTERVAL TIMING
NEXT ORIG. REG, AlT=1 SCAN) :
I AlT=0 . TIME T
TIMEQUT DETAILS TO BE
EXPLAINED LATER
‘ W.A.BUDLONG
INVENTORS:  G.G.DREW
J.A.HARR
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FlG. 30

WRITE 1 Ir 0-A1T
i

[
10 MILLISECOND DIAL PULSE SCANS PROCEEDS
WITHOUT TAKING ACTION AS NO CHANGES IN
SUPERVISORY STATE ARE NOTED.
100 MS SCAN PASSES ON AS 0-Al=)

READ 0-A1 (100 MS INTERVAL TIMING
SCAN)
Al=0

: Alal
'PROCEED TO SERVE - TIME T12
NEXT ORIG. REG. R-0-A1T

AlT=0

AlT=1 (DENOTES TIMEOUT)

CHANGE A1T AND '
PROCEED TO NEXT REG. READ O-LL

LL=0

' LL=) (DENOTES INTERD1GITAL
TIMEOUT)
ABANDONED CALL _
READ DIGIT LOCATION (TO DETERMINE WHICH DIGIT
SPOTS IN ORIG. REG. SLOT IS TO BE USED)
OTHER THAN O ‘
DLC=0 (INDICATES THAT THE CODE IN THE
MOVE CODE IN PULSE COUNTER FULSE COUNTER IS THE FIRST
TO PROPER DIGIT SLOT 1GIT) :
bemto EVALUATE CODE IN 0-PC (DETECT OPERATOR CALLS)
PC=OTHER THAN 10

CALL TO OPERATOR

MOVE CODE IN ORIG. REG,
PULSE COUNTET T0 DIGIT SLOT 1

RESET O-PCOITHRU 0-PC-3 T0O 0  (PREPARE FOR NEXT DIGIT)

I
ADD 1 TO DIGIT LOCATION COUNTER

WRITE O IN O-A1T (RECYCLE INTERVAL TIMER)

WRITE O IN O-PSPD SPOT (RECYCLE PERMANENT
SIGNAL-PARTIAL DIAL

TIMER)
W.A.BUDLONG
INVENTORS: G.G.DREW
8y J.A.HARR
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Fl6. 3/

SECOND DIGIT IS -SIMILARLY DETECTED AND

ITS CODE 1S MOVED FROM THE PULSE COUNTER

TO DIGIT SLOT 2 AFTER THE INTERDIGITAL TIMEOUT

OCCURS. EVALUATION TO DETECT OPERATOR CODE IS OMITTED

THE THIRD DIGIT 4S SIMILARLY RECORDED IN THE

PULSE COUNTER. AFTER THE THIRD INTERDIGITAL

TIMEQUT OCCURS, THE FOLLOWING ACTION WHICH IS REQUIRED TO
DISTINGUISH INTRA-OFFICE, INTEROFFICE AND SERVICE

CODE CALLS 1S UNDERTAKEN

EVALUATE CODES IN FIRST, SECOND
AND THIRD DIGIT SLOTS

_ OTHER THAN 23k

DS i=] OTHER THAN 234 DS1=2
EXCEPT SERVICE

DS2=1 CODES AND DS2=3
ERROR CODES :

DS3=X DS3=l

SERVICE CODES INTEROFFICE
TO OPERATOR

WRITE O IN 0-0GC (DEWOTES AN INTRA-OFF ICE CALﬁ)

SUCCEEDING DIGITS 4 THRU 7 ARE COUNTED IN
THE OR1G. REG. PULSE COUNTER AND SUBSEQUENTLY
STORED IN DIGIT SLOTS 4 THRU 7 RESPECTIVELY
UPON 80MPLET|ON OF DIALING ]

WRITE 0-0-A1 (TO STOP 10 MS DIAL PULSE
SCAN OF CALLING SUBSCRIBER)
TIME T13

READ 0-0GC

06C=1

[ 06C=0
INTEROFF ICE OR SERVICE CODE CALL

W.A.8UDLONG
INVENTORS:® G.G.DREW
gy J-AHARR
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Fl6.32

SET THE LAST 14 CELLS OF THE ACCESS|[ THIS ESTABLISHES THE X
REG. 1150 SO THAT CELL GROUPS 19-25] AND Y ADDRESSES OF THE
AND 26-32 EACH HAVE THE DECIMAL BASE OF THE CODE
VALUE 32 . COMPRESSION TRANSLATION
TABLE IN THE FSS

SET CELLS 22, 23, 24 AND 25 IN TO ESTABLISH THE Y
ACCESS REG, TO HAVE IN COMBINATION | ADDRESS OF THE DESIRED
THE CODE STORED IN DSY OF THE ORIG.Y CODE COMPRESSION
REG. TRANSLATION WORD

COMPRESSION OF

8 BIT CODE OF
DIGITS 4 AND 5 <
T0 A 7 BIT

. FSS X ADDRESS

SET CELLS 29, 30, 31, 32 IN ACCESS
REG. TO HAVE IN COMBINATION THE TO ESTABLISH THE X
CODE STORED IN DS5 OF THE ORIG, < ADDRESS OF THE
REG. DESJRED CODE TRANS- -
_ LATION WORD

TRANSFER FSS TO THE MODIF IED (TO OBYAIN THE X
ADORESS IN CELLS 19 THRU 32 OF ADDRESS OF THE
THE ACCESS REG. AND SET CELLS DIRECTORY NUMBER
1-7 OF FIRST MEMORY REG. IN. < TO EQUIPMENT NUMBER
ACCORDANCE WITH B AND C CODES TRANSLATION AREA
OF THE ORDER WORD AT THAT ADDRESS | OF THE CALLED

~ | SUBSCRIBER

SIMILARLY_THE CODES FOR DIGITS 6
R oo o | AND 7 OF THE CALLED DIRECTORY
B1et1s e anD 7 J NUMBER ARE COMPRESSED TO PROVIDE
ok || ALERCES P
FSS Y ADDRESS | THE 1ST MEMORY REG.

SET MEM. AND MATCH REG. 743 IN
ACCORDANCE WITH CODES N CELLS 1-1%4
OF THE FIRST MEMORY REGISTER

: W. A. BUDLONG
INVENTORS: G.G.DREW
gy JAHARR
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F16.33 COMPARE SPOTS 1~-14 OF FIRST

RECENT CHANGE REGISTER WiTH
CODES {N MEMORY AND MATCH REG.

MATCH
MISMATCH
OBTAIN EQ. NUMBER OF
CALLED SUBSCRIBER CHECK SUCCEEDING RECENT (NO RECENT CHANGE
FROM SPOTS 15-32 CHANGE REGISTER UNTIL LAST  INDICATED SO PROCEED
OF MATCHING RECENT : REGISTER HAS BEEN CHECKED T0 DIRECTORY NUMBER
CHANGE REGISTER TO EQUIP. NUMBER
TRANSLATION IN FSS)
TRANSFER FSS TQ THE XY ADDRESS (18 BIT TRANSLATION

IN CELLS 1-14% OF FIRST MEMORY REG. WORD COMPRISES THE
SET CELLS 1-18 OF ACCESS REG, IN q 12 BIT EQUIPMENT
ACCORDANCE WITH TRANSLATION WORD NUMBER OF THE CALLED
AT THIS ADDRESS SUBSCRIBER AND 6 BITS
CODED TO DEFINE CLASS
OF SERVICE OF THE
CALLED SUBSCRIBER

AND THE APPROPRIATE
RINGING TONE

~

RINGING | CLASS

BIT 1 2 3 {4 5 &
VACANT [ x x x |x x 1
INDIVIDUALl X X X | X 1 o
1STPARTY| 0 0 0 |x 0 o
28D PARTY| 0 0 1 X 0 ©
3RD PARTY|{O 1 0 |X 0 o
4TH PARTY [0 1 1 |Xx 0 o
5TH PARTY| 1 0 0 |X 0 ©
6TH PARTY | 1 © X 00

W.A.BUDLONG

INVENTORS: G.G,DREW
gy Y A.HARR
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|
FlG. 34 READ CLASS AND RINGING BIT 6
 BIT 6wl

BIT 6=0

NO SUCH CALLED NUMBER SEQUENCE
PROCEEDS TO CONNECT CALLING
PARTY TO NO SUCH NUMBER TONE

READ CLASS AND RINGING BIT 5
 BIT 5=l v

BIT S=0 (INDICATES PARTY LINE)

INDIVIDUAL LINE SUBSCRIBER ’
PROGRAM PROCEEDS TO TEST

FOR BUSY, ESTABLISH OPENING
CONNECTIONS, ETC.

MORE CONTENTS OF O~OLEO THRU 0-QLE 11
TO THE MEMORY AND MATCH REGISTER 743

COMPARE CALLED LINE EQUIPMENT NUMBER
IN ACCESS REGISTER WITH CONTENTS OF
MEMORY AND MATCH REGISTER

MATCH

MISMATCH  (NON-REVERTING CALL)
REVERTING CALL
MOVE THE 12 BIT CALLED LINE EQ RECORD CALLED

uipP- .
MENT NUMBER AND THE 3 BIT RINGING SUBSCRIBER DATA
CODE FROM ACCESS REGISTER TO ODSh, FOR FUTURE

0DS5, 0DS6 AND 0DS7 REFERENCE
READ L1 OF CALLED PARTY
L=l
TALKING OR L1=0  (LINE IDLE OR SERVED BY
DENIED SERVICE COMMON CONTROL)
READ L2 OF CALLED LINE ’
READ L2 OF CALLED LINE
L2=]
L2=0 L2=1
gannao SERVICE [
ALLING PARTY
CONKECTED T0 | I L2=0
INTERCEPT e
CALLED LINE BUSY

W.A.BUDLONG
INVENTORS: G.G. DREW
» gy J-AHARR
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F16. 35 WRITE 1 IN L2 OF CALLED LINE(SEIZES CALLED LINE

AND INDICATES IT IS .
BEING SERVED BY
COMMON CONTROL)
, READ N-A
N-A=1

.

NETWORK BUSY CC PROCEEDS
WITH OTHER ACTIONS UNTIL
NETWORK 1S IDLE

N-A=O0 (NETWORK IDLE)

WRITE 1 IN N-A (SEIZE NETWORK)

SET THE LINE SELECTOR REGISTER 436
IN ACCORDANCE WITH 12 BIT CODE

MARK THE CALLED LINE
IN 0-DS4 THRU 0-DS6 ‘

SET CONCENTRATOR NETWORK CONTROL
REGISTER 516 TO THE "CONNECT B" ORDER

SEND CHECK SIGNAL }

REGISTER TO_THE PARTICULAR F
E T BLISH CONNEC T ON BETUEEN,  TO WHICH A TRANSFER IS TO BE_MADE
CALLED LINE AND AN IDLE TRUNK  UPON COMPLETION OF CURRENT NETWORK JOB

NETWORK

SET THE CONCENTRATOR IDENTIFIER
TO THE DISTRIBUTION NETWORK
ADDRESS OF THE TRUNK WHICH 1S
CONNECTED TO CALLED SUBSCRIBER

SEND OPS}, OPE} TO
COMMON CONTROL

(COMMON CONTROL PROCEEDS WITH.
OTHER ORDERS. AS THIS CALL MUST
WAIT UNTIL NETWORK COMPLETES
ITS CURRENT JOB)

W. A. BUDLONG
INVENTORS: G.G.DREW
J.A.HARR

|
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F16.36 CHECK FOR COMPLETION OF NETWORK JOB

I JOB COMPLETE
‘NOT COMPLETE

PROCEED WITH OTHER

COMMON CONTROL ACTIONS READ COPS

~ COPS=0
1 COPS=1
TRY AGAIN TO ESTABLISH A ’

CONCENTRATOR CONNECTION
TO CALLED SUBSCRIBER

READ RINGING SUPPLY T3 SPOTS
(HUNT FOR AN IDLE

T3l RINGING SUPPLY)
l T3-0
ADVANCE TO .
NEXT RINGING  WRITE | IN T3 SPOT OF IDLE RINGING SUPPLY (SEIZE RINGING
SUPPLY SUPPLY)

AT THIS ADDRESS WE
OBTAIN THE 12 BIT
TRANSFER FSS TO THE ADDRESS CORRESPONDING LINE EQU!PMENT

TO THE BGS ADDRESS OF THE SEIZED NUMBER FOR THE
RINGING SUPPLY T3 SPOT AND PLACE THE [NDUCTION TONE OF
TRANSLATION WORD IN THE ACCESS REGISTER THE SEIZED RINGING

‘ _ SUPPLY

GATE THE 12 BIT LINE EQUIPMENT NUMBER RINGING CONCENTRATOR

OF THE SEIZED RINGING INDUCTION TONE TO LINES ARE DIVIDED INTO

THE LINE SELECTOR REGISTER 436 FOUR GROUPS OF 8 LINES

EACH TO PROVIDE SIX
DISTINCTIVE RINGING
TONES, RINGING INDUC-
TION AND SUPERVISORY
TONE. THE FIRST SEVEN
BITS OF THE ADDRESS
DEFINE THE RINGING
CONCENTRATOR. THE
SIXTH AND SEVENTH
BITS IDENTIFY THE
RINGING SUPPLY AND
THE REMAINING THREE
BITS DEFINE THE

TONE WITHIN THE

| SUPPLY
W.A.BUDLONG
INVENTORS: G.G.OREW
ay J.A. HARR
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GATE THE 12 BIT LINE EQUIPMENT NUMBER
OF THE SEIZED RINGING SUPPLY RINGING [NDUCTION
TO THE SECOND MEMORY REGISTER 903

‘GATE THE CONCENTRATOR IDENT!FIER (TO RECORD THE/EQUIF—
OUTPUT TO THE FIRST MEMORY RE- MENT NUMBER OF- THE
GISTER 902 TRUNK WHICH 1S CON-
NECTED TO CALLED
LINE)
SET CONCENTRATOR NETWORK CONTROL
REGISTER 516 TO CONNECT "8"
—
SEND CHECK TO CC
'ESTABL!SH CONNECTION BETWEEN SET N-NPA SPOTS TO THE
RINGING INDUCTION AND AN 'FSS ADDRESS TO BE EMPLOYED
IDLE B SIDE TRUNK UPON COMPLETION OF ABOVE
NETWORK JOB

SET CONCENTRATOR I1DENTIFIER
TO ADDRESS OF SEIZED !DLE TRUNK

|

|

|

I

SEND OPS1, OPE? TO CC |
|

I

I

|

> |

{COMMON CONTROL PROCEEDS
WITH NECESSARY JOBS)

CHECK NETWORK FOR COMPLETION OF CURRENT JOB

PROCEED WITH OTHER CC
ACTION UNTIL CURRENT NETWORK
JOB IS COMPLETE

COMPLETE

CHECK CONCENTRATOR OPS

COPS=0

!

AS PREVIOUSLY SHOWN MAKE
ANOTHER ATTEMPT TO ESTABLISH
PATH IN THE CONCENTRATOR

COPS=1

W.A.BUDLONG
INVENTORS: G.G.DREW
J. A.HARR
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F16.38 SET_DISTRIBUTION NETWORK B TRUNK (MARK B S IDE

SELECTOR REGISTER 540 IN ACCORDANCE TRUNK CONNECTED

WITH THE CONCENTRATION IDENTIFIER TO RINGING .

ouTPUT INDUCTION)

SET ACCESS REGISTER CELLS 19 THRU 26 (TO ESTABLISH THE

TO THE FIRST 7 BITS OF THE ORIGINATING [DENTITY OF THE

LINE EQUIPMENT NUMBER STORED IN THE CONCENTRATOR - CONNEC -
ORIGINATING REGISTER TED TO THE CALLING
SUBSCRIBER)

SET ACCESS REGISTER CELLS 27 THRU 29 (TO DEFINE THE

IN ACCORDANCE WITH THE O-CLN SPOTS EQUIPMENT NUMBER
IN ORIGINATING REGISTER OF THE TRUNK WHICH
- IS CONNECTED TO THE
CALLING SUBSCRIBER)
SET DISTRIBUTION NETWORK A SELECTOR (MARK TRUNK CONNECTED
REGISTER 539 IN ACCORDANCE WITH TO CALLING SUBSCRIBER)

MODIF IED CODE IN CELLS 19 TO 29 OF
ACCESS REGISTER

SET DISTRIBUTION NETWORK CONTROL
REGISTER 538 TO CONNECT

SEND CHECK TO CC

ESTABLISH PATH BETWEEN CALLING SET N-NPA SPOTS TO FSS
PARTY AND RINGING INDUCTJON ADDRESS TO BE RETURNED
TO UPON COMPLETION OF
SET A AND B IDENTIFIERS IN CURRENT JOB IN COMMON CONTROL
ACCORDANCE WITH ADDRESSES
OF MARKED TRUNKS

SEND DN-OPS1 AND DN-OPE1

CHECK FOR COMPLETION OF CURRENT NETWORK JOB

(COMMON CONTROL PROCEEDS WITH
OTHER NECESSARY JOBS)

W.A. BUDLONG
INVENTORS: G.G. DREW
ar J.A. HARR
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Fl6.39
NOT COMPLETE

l ' COMPLETE

PROCEED WITH OTHER CC
UNTIL CURRENT JOB IS COMPLETE

CHECK DN-OPS

1 : DN-0PS=1
TRY AGAIN TO MAKE
REQUIRED CONNECTION SET THE ACCESS REGISTER CELLS 19-30

IN ACCORDANCE WITH LINE SELECTOR
ADDRESS OF THE SEIZED AND CONNECTED
RINGING INDUCTION TONE

TO IDENTIFY THE
MOD IFY CELLS 28-30 IN ACCESS LINE SELECTOR
REGISTER TO AGREE WITH RINGING ADDRESS OF THE
CODE INFORMATION OF CALLED SUBSCRIBER < PROPER RINGING
WHICH IS STORED 1IN 0-DS7 of ORIGINATING|CODE ASSQCIATED

-REGISTER WITH. THE SEIZED
RINGING SUPPLY
SET LINE SELECTOR REGISTER 436 IN MARK RINGING CON-
ACCORDANCE WITH MODIFIED ADDRESS N CENTRATOR AT THE
CELLS 19-30 OF ACCESS REGISTER DESIRED RINGING

TONE SOURCE

SET CONCENTRATOR NETWORK
CONTROL REGISTER TO CONNECT "A"

F

SEND CHECK TO CC SET N-NPA SPOTS

ESTABLISH PATH IN
CONCENTRATOR FROM
RINGING CODE TO

A SIDE TRUNK

|
]
l
I
l

| (COMMON CONTROL PROCEEDS

I WITH OTHER JOBS)

SET CONCENTRATOR IDENTIFIER |
. ‘ |
R 1
|
|
|
]

SEND C~OPS1, C-OPE1

W A. BUDLONG

INVENTORS: 6. G. DREW

- gy AHARR
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CHECK COMPLETION OF NETWORK JOB

COMMON CONTROL PROCEEDS

WITH OTHER JOBS

NOT COMPLETED
COMPLETE
CHECK COPS
COPS=0
I COPS=1

SET DISTRIBUTION NETWORK

"A"™ SELECTOR REGISTER 539 IN
ACCORDANCE WITH CONCENTRATOR
IDENTIFIER OQUTPUT

SET DISTRIBUTION NETWORK "B"
SELECTOR REGISTER IN ACCORD-
ANCE WITH ADDRESS IN FIRST

MARK THE DISTRIBUTION
NETWORK A SIDE TRUNK
WHICH CONNECTED TO THE
DESIRED RINGING TONE -

MARK B SIDE TRUNK
WHICH IS CONNECTED
TO THE CALLED

MEMORY REGISTER

SET DISTRIBUTION

SUBSCRIBER

NETWORK CONTROL REGISTER

TO THE CONNECT CONDITION

SEND CHECK TO CC

SET N-NPA IN
ORIGINATING REGISTER

ESTABLISH DISTRIBUTION NETWORK
CONNECTION BETWEEN THE TRUNK
CONNECTED TO THE CALLED PARTY
AND THE TRUNK CONNECTED TO
RINGING TONE I

SET THE IDENTIFIER IN ACCORD-
ANCE WITH THE MARKED TRUNKS

SEND OPS, OPE TO CC

COMMON CONTROL PROCEEDS

CHECK FOR JOB COMPLETE
AND CONCENTRATOR OPS

W.A. BUDLONG
G.6. DREW
J.A. HARR

< SPeef
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FlG. 4/ NOT COMPLETE

COMPLETE, COPSm])

CC PROCEEDS UNTIL THE READ R-A
NETWORK JOB IS COMPLETE

A=O (RINGING REGISTER IDLE)
PROCEED TO SCAN

REMAINING RINGING REGISTERS
UNTIL AN IDLE REGISTER 1S FOUND

TIME T15 WRITE 1 IN R=A (SEIZE RINGING REGISTER)
WRITE THE EQUIPMENT NUMBER OF THE

CALLED LINE IN R-CDE SPOTS OF SE!ZED
RINGING REGISTER

WRITE THE DISTRIBUTION NETWORK ADDRESS OF THE

TRUNK WHICH IS CONNECTED TO THE RINGING TONE,

AS OBTAINED FROM THE DISTRIBUTION A IDENTIFIER
OUTPUT, IN THE R-RTE -SPOTS

WRITE 1 IN L1 SPOT AND WRITE O | PLACE CALLING LINE
IN L2 SPOT OF CALLING LINE IN TALKING CONDITION

TIME T13

WRITE O IN BOTH‘O-AI_AND (RELEASE ORIGINATING
0-A2 OF ORIGINATING REGISTER REGISTER)

COMMON CONTROL PROCEEDS WITH
OTHER NECESSARY OPERATION AND
THEN RETURNS TO THE SAMPLE CALL
TO DETECT AN ANSWER

SHORTLY AFTER TIME T1k

START OF RINGING SCAN
TO DETECT ANSWER

READ R-A

W A. BUDLONG
INVENTORS:  G.G. DREW

J.A. HARR
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FIG. 42 |
l A0 ] A=l
PROCEED TO NEXT
MOVE THE 12 BIT CALLED LINE
RINGING REGISTER EQUIPMENT NUMBER THRU THE
ACCESS REGISTER TO THE SCANNER
ADDRESS REGISTER
READ SCANNER AT
CALLED LINE ADDRESS
TIME T16

S=0

S=1 (INDICATES ANSWER)
NO ANSWER, COMMON CONTROL

PROCEEDS TO OTHER SYSTEM ACTION  p_y

N-A=0

I N-A=0

“PROCEED WITH OTHER TASKS
UNTIL NETWORK IS |IDLE

WRITE 1 IN N-A (SEIZE NETWORK)

WRITE 1 IN L1 SPOT AND O  (TO PUT CALLED LINE
IN THE L2 SPOT OF THE IN TALKING CONDITION)
CALLED LINE

SET THE CONCENTRATOR RELEASE

SELECTOR REGISTER 429 AND THE DISTR!-
BUTION NETWORK A TRUNK SELECTOR REGISTER
539 IN ACCORDANCE WITH DISTRIBUTION
NETWORK ADDRESS OF THE TRUNK WHICH

IS CONNECTED TO THE RINGING TONE.

OBTAIN FROM R-RTE SPOT

SET CONCENTRATOR NETWORK CONTROL
REGISTER TO RELEASE AND DISTRIBUTION
NETWORK CONTROL REGISTER TO RELEASE B

W.A. BUDLONG
INVENTORS: G6.6. DREW
J.A. HARR
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A
. !
SEND CHECK TO CC  SEND CHECK TO CC SEr N-NPA SPOTS

|

RELEASE CONCEN~ RELEASE DISTRIBUTION
TRATOR CONNECTION NETWORK CONNECTION
BETWEEN RINGING BETWEEN TRUNK
TONE AND DISTRI-  CONNECTED TO
BUTION NETWORK RINGING AND

TRUNK CONNECTED

TO CALLED PARTY PROCEED WITH OTHER COMMON
CONTROL JOBS WHILE AWAITING
COMPLETION OF CURRENT
NETWORK JOB

IDENTIFIER IN NETWORK "B"
ACCORDANCE WITH IDENTIFIER TO
ADDRESS OF ADDRESS OF

RELEASED TRUNK TRUNK CONNECTED

i

!

!

|

|

|

I

|

}

SET CONCENTRATOR SET DISTRIBUTION }
|

:

TO CALLED LINE ;
|

|

|

|

i

|

CHECK FOR COMPLETION OF NETWORK JOB
NOT COMPLETE

COMPLETE

PROCEED UNTIL ,

NETWORK COMPLETES CHECK C OPS
TRY AGAIN 0PS<1

CHECK DISTRIBUTION NETWORK-OPS

0PS=1

MOVE CONTENTS OF B NETWORK IDENTIFIER
TO THE THIRD MEMORY REGISTER 904

|
MOVE CONTENTS OF CONCENTRATOR IDENTIFIER
TO THE ACCESS REGISTER 1150

W.A. BUDLONG
INVENTORS: G.G. DREW
J. A. HARR
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F16. 44 WRITE "1" IN THE EIGHTH BIT (DEFINES RINGING CONCEN-

OF THE ABOVE ADDRESS IN THE TRATOR TRUNK WHICH IS

ACCESS REGISTER CONNECTED TO INDUCTION
; TONE)

SET THE CONCENTRATOR RELEASE (TO MARK TRUNKS

SELECTOR REGISTER AND THE T0 BE RELEASED)

DISTRIBUTION NETWORK B SELECTOR
REGISTER IN ACCORDANCE WITH THE
ABOVE MODIFIED ADDRESS I[N THE

ACCESS REGISTER

SET CONCENTRATOR CONTROL REGISTER 516
TO THE RELEASE CONDITION

SET THE DISTRIBUTION NETWORK CONTROL
REGISTER 538 TO THE RELEASE 8 CONDITION

I !
SEND CHECK TO CC  SEND CHECK TO CC SET N-NPA SPOTS

CONCENTRATOR RELEASE DISTRIBUTION NET{
CONNECTION [NDUCTION WORKERELEASES
AND TRUNK CONNECTED  CONNECTION BET-
COMMON CONTROL PROCEEDS
TO THE CALLING PARTY WEEN TRUNX TO
N R Ty AND{ WITH OTHER NECESSARY TASKS
TRUNK TO RINGING
INDUCT | ON |

CONCENTRATOR [IDENTI- SET THE DN A
FIER SET IN ACCORD- AND B IDENTI-

ANCE WITH ADDRESS FIERS IN
OF RELEASED. TRUNK ACCORDANCE WITH
ADDRESSES OF
RELEASED
TRUNKS
SEND OPS, OPE SEND 0PS, OPE
T0 CC T0 €C

-

WA BUDLONG
INVENTORS: G.G. DREW
5 J. A, HARR

vy Y ch

ATTORNEY



Oct. 4, 1960 W. A. BUDLONG ETAL 2,955,165
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FIlG. 45 CHECK FOR NETWORK JOB COMPLETION
NOT COMPLETE
COMPLETE
CHECK C-~OPS
COPS=0
COPS=1
CHECK DN OPS
DN 0PS=0
DN 0PS=1}
SET DISTRIBUTION NETWORK A SELECTOR  (TO MARK THE A
REGISTER IN ACCORDANCE WITH DISTRI-  TRUHK CONNECTED

BUTION NETWORK A IDENTIFIER OUTPUT TO CALLING LINE)

SET DISTRIBUTION NETWORK B SELECTOR (TO MARK THE B
REGISTER IN ACCORDANCE WITH CONTENTS  TRUNK CONNECTED
OF THIRD MEMORY REGISTER TO THE CALLED LINE)

SET DleRIBUTION NETWORK CONTROL
REGISTER TO CONNECT CONDITION

|
SEND CHECK TO CC

: SET N-NPA SPOTS
ESTABLISH PATH BETWEEN
TRUNKS WHICH ARE CONNECTED
TO CALLED AND CALLING PARTIES

SET A AND B IDENTIFIERS

SEND OPS, OPE TO CC

CHECK FOR JOB COMPLETE
NOT COMPLETE

l COMPLETE

W.A.BUDLONG
INVENTORS: G.G. DREW
8y J.A. HARR
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FlG. 46 CHECK DN| 0PS
70PS=O

l | OPS=]
WRITE O IN R-A (RELEASE RINGING REGISTER)

PARTIES TALK AND COMMON CONTROL
PROCEED WITH OTHER JOBS

|

|

|

i

|
-L1
-S

R
R (100 MS SUPERVISORY SCAN OF
LINES AND TRUNKS)
MISMATCH
| MATCH
R-S
| , SCAN SUCCEED ING LINES
l5=o 13=, !
DISCONNECT ORIGINATION OR LINE |

SERVED BY CC 1

R-L1 (100 MS SUPERVISORY SCAN)
TIME T17 R-S
MATCH
MISMATCH
PROCEED TO SUCCEEDING LINES Res
S=1 S=0
ORIGINATION OR LINE R-L2
SERVED BY CC :
L2=1
L2=0

DENIED SERVICE CUSTOMER
GOING TO ON-HOOK CONDITION

READ D-A SPOT OF FIRST  (HUNT FOR IDLE
DISCONNECT REGISTER DISCONNECT REGISTER)

D-A=1 D-A=0

SCAN REMAINING
REGISTER

WRITE 1 IN D-A (SE!ZE DISCONNECT REGISTER)

W A. BUDLONG
INVENTORS: G.G. DREW
ay J. A. HARR
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FlG.
G- 47 WRITE 1 IN D-DT (TO INITIATE TIMING

OF DISCONNECT)

WRITE THE SCANNER ADDRESS OF
THE LINE INDICATING A DISCONNECT
IN THE D-EN SPOTS

WRITE O IN D-TA AND (TO RESET TIMER)
D-TB SPOTS

COMMON CONTROL PROCEED
WITH NECESSARY TASKS

READ D-DT (100 MS DISCONNECT SCAN)

DT=0

DT=1

PROCEED TO NEXT
DISCONNECT REGISTER

INCREMENT TA, TB
COUNTER BY 1

|
ON SUCCEEDING DISCONNECT TIMING SCANS THE
TA, TB COUNTER 1S INCREMENTED BY 1 UNTIL IN
THE FOURTH SCAN [T IS RESET TO 00 INDICATING
A DISCONNECT AS OPPOSED TO A HIT ON THE LINE

EVALUATE SCANNER ADDRESS TO
DISTINGUISH LINES CONNECTED TO
CONCENTRATOR FROM NON-CONCENTRATED TRUNKS

TRUNK
LINE
SET CONCENTRATOR LINE SELECTOR (TO MARK THE LINE IN
REGISTER TO SCANNER ADDRESS PREPARATION FOR A
OF LINE INDICATING DISCONNECT TRACE ORDER)

W A BUDLONG
INVENTORS : G.G. DREW
gy J. A. HARR
%-4 v@o%
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Fl16. 48 SET CONCENTRATOR CONTROL REGISTER TO
THE TRACE CONDITION

I
SEND CHECK TO CC
SET N-NPA SPOTS

SET CONCENTRATOR IDENTIFIER
TO ADDRESS OF TRUNK CONNECTED
TO LINE INDICATING DISCONNECT WRITE THE ADORESS OF

THE DISCONNECT REGISTER
IN THE N-RAD SPOTS OF
SEND OPS, OPE THE NEFWORK REGISTER

|
|
| : CC PROCEEDS WITH OTHER J0OBS

CHECK FOR COMPLETION
NOT COMPLETE

COMPLETE

CC PROCEEDS CHECK FOR COPS

0PS=0

0PS=1
NO CONNECTION

SET CONCENTRATOR RELEASE SELECTOR
REGISTER TO THE ADDRESS OBTAINED
FROM THE CONCENTRATOR IDENTIFIER

READ THE EIGHTH BIT OF THE
ADDRESS IN THE CONCENTRATOR
RELEASE SELECTOR REGISTER

BIT 8=1

BIT 8=0 (INDICATES THAT THE
DISCONNECTING LINE IS
SERVED BY A TRUNK TO
THE A SIDE OF THE
DISTRIBUTION NETWORK)

SET THE DISTRIBUTION NETWORK

A SELECTOR REGISTER TO THE ADDRESS
SET IN THE CONCENTRATOR RELEASE
SELECTOR REGISTER

W.A. BUDLONG

INVENTORS: G6.6G. DREW
J.A. HARR
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SET THE CONCENTRATOR CONTROL REGISTER
TO THE RELEASE CONDITION

SET THE DISTRIBUTION NETWORK CONTROL
REGISTER TO THE RELEASE A CONDITION

SEND CHECK TO

RELEASE THE CON
TRATOR CONNECTI
TO THE DISCONNE
ING PARTH

SET THE CONCEN-
TRATOR IDENTIF|

SEND COPS, COPE
T0 CC

1

CC  SEND CHECK 7O CC

SET-N—NPA SPOTS

CEN- RELEASE DISTRIBU-1I
ON TION NETWORK CON- |

CT-  NECTION TO THE

DE%IGNATED TRUNK

SET A AND B
ER IDENTIFIER

SEND DN-OPS
DN-OPE TO CC

|
= CC PROCEEDS WITH OTHER JOBS
|
|
|
(
|
1

CHECK FOR 408 COMPLETE

NOT COMPLETE

COMPLETE

CHECK FOR COPS

COPS=0

COPS=]

CHECK FOR DISTRIBUTION NETWORK OPS

DN _0PS=0

1

DN 0PS=1

EVALUATE ADDRESS IN DISTRIBUTION
NETWORK B IDENTIFIER TO DISTINGUISH
CONNECTIONS TO A CONCENTRATOR

AND NON-CONCENTRATED TRUNKS

W. A. BUDLONG
INVENTORS:  G.G. DREW
J.A. HARR
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SET CONCENTRATOR RELEASE SELECTOR REGISTER
TO THE ADDRESS (N THE DISTRIBUT!ION NETWORK
B TRUNK IDENTIFIER

SET CONCENTRATOR CONTROL REGISTER
TO THE RELEASE CONDITION :

SET NTNPA SPOTS

RELEASE CONNECTION ]
TO MARKED TRUNK

SET CONCENTRATOR IDENTIFIER

|
SEND CHECK TO CC

CC PROCEED WITH OTHER

|
|
|
:
| NECESSARY TASKS
|

|

SEND COPS, COPE

CHECK FOR JOB COMPLETE

NOT COMPLETE

COMPLETE
CHECK FOR COPS
0PS=0 :
0PS=1
WRITE O IN L1 SPOT OF LINE (TO RELEASE
REQUESTING DISCONNECT THE LINE)
WRITE O IN D-A AND D-DT (TO RELEASE THE

SPOTS OF DISCONNECT REGISTER  DISCONNECT REGISTER)

W.A. BUDLONG
INVENTORS: G.G. DREW
J.A. HARR
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F16. 514 INTRAOFFICE CALL
DIAL TONE CONNECTION
LINE DISTRIBUTION
CONCENTRATOR NETWORK
CALLING biaL
SUBSCRIBER TONE
FIG. 5/8 INTRAOFFICE RINGING CONNECTION
LINE LINE
CONCENTRATOR DISTRIBUTION CONCENTRATOR
NETWORK
CALLING >< CALLED
SUBSCRIBER . SUBSCRIBER

RINGING
CONCENTRATOR

R I
TONE
SOURCE

INTRAOFFICE TALKING CONNECTION

FlG. 5/C
DISTRIBUTION ’
CONCENTRATOR NETWORK . CONCENTRATOR
CALLING _ , CALLED
SUBSCRIBER :  SUBSCRIBER
W.A.BUDLONG

INVENTORS : G.G.DREW
: J.A.HARR
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OUTGOING CALL

F16. 524 DIAL TONE CONNECTION
DISTRIBUTION
LINE NETWORK
CONCENTRATOR :
DIAL
TONE
CALLING
SUBSCRIBER
SIGNALING CONNECTION
DISTRIBUTION TO DISTANT
FlG. 528 LINE NETWORK OFFICE
CONCENTRATOR 2 WAY
R
TRUNK
CALLING
SUBSCRIBER
TRUNK
$/6.
SEL.
F16. 52¢C TALKING CONNECTION
LINE DISTRIBUTION
Wi
CONCENTRATOR NETWORK
: 70 DISTANT
OFFICE
2 WAY
e
TRUNK |
CALLING
SUBSCRIBER

W.A.BUOLONG
INVENTORS ¢ G.G.DREW

gy J-A.HARR
S teth
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FlG. 534 INCOMING CALL

RINGING CONNECTION

FROM DISTANT WCENTRATOR
OFFICE OR DISTRIBUTION co
OPERATOR NETWORK
) 2 WAy : —Q
- TRUNK
d CALLED
SUBSCRIBER
R I
RINGING
CONCENTRATOR
TONE
SOURCE
FlG.538
TALKING CONNECT/ION
DISTRIBUTION CONCENTRATOR
FROM DISTANT NETWORK
OFFICE
\
\ : 5
\ S WAY
TRUNK ‘\l CALLED
SUBSCRIBER

W. A. BUDLONG
INVENTORS:  G.G.DREW
av J.A.HARR
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This invention relates to switching systems and par-
ticularly to electronic automatic telephone systems.

Automatic telephone systems have been employed
throughout the world for more than fifty years and in
this time many advances have been made in the art. Al-
though these advances have improved telephone service,
there has been a remarkable lack of change in overall
switching system philosophy. Consequently, there have
been no significant reductions in equipment bulk, system
cost, or power requirements, nor has there been any
marked increase in switching system flexibility.

Prior art electromechanical systems generally employ
large numbers of slow-speed unifunctional devices along
with varying degrees of functional concentration and to
date electronic systems have followed the same broad
system concepts. That is, there has been a more or less
direct substitution of electronic means for electromechan-
ical means to implement prior art switching system con-
In such arrangements the full potential of elec-
tronic technology is not realized.

Accordingly it is a general object of this invention to
provide an improved electronic telephone switching sys-
tem employing new and novel system concepts.

More particularly, an object of this invention is the
provision of an improved electronic telephone switching
system whereby the advantages of modern electronic tech-
nology are more fully and effectively utilized.

It is another object of this invention to increase the
flexibility of telephone switching systems in order to
permit rapid and inexpensive rearrangements to meet
changes in traffic and other environmental conditions and
to facilitate the addition of new and unusual functions in
telephone switching systems.

It is another object of this invention to reduce the physi-
cal size of telephone switching systems to permit substan-
tial savings in the cost of buildings housing such systems.

It is a further object of this invention to reduce the
equipment cost of telephone switching systems. .

It is another object of this invention to increase the
reliability of telephone switching systems and to reduce
the cost of maintenance of such systems.

It is still another object of this invention to reduce the
power required to operate a telephone switching system.

These and other objects of this invention are attained in
one specific illustrative embodiment wherein the system
philosophy is characterized by functional concentration
and the employment of random access permanent memory
to store the system logic.
philosophy, the switching network comprising the talking
transmission path between subscriber lines is relieved
of control and decision functions. These functions are
performed serially by a time division common control
circuit. Therefore, the switching network becomes a
relativély simple matrix arrangement comprising many

" standard building blocks; and the common control circuit

which performs the control and decision functions, where-
in the major complexity resides, is a universal control net-
work,
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Heretofore, switching systems have employed- wired
logic, and a change in traffic requirements or changes to
provide new service functions have been major under-
takings. In the system of the present invention, photo-
graphic memory plates interrogated by a cathode ray
light beam provide the system logic previously contained
in system wiring, Therefore, changes, whether occa-
sioned by the demands of traffic or by provision of -new
or unusual service features, are accomplished by merely
changing photographic plates. This is a small under-
taking compared to rearrangements by rewiring.

In accordance with a primary feature of this invention;
the system logic is stored in a random access permanent
memory having non-destructive read-out rather than m
conventional permanently wired apparatus.

In accordance with another feature of this mventmn,
the stored logic comprises sequences of plural bit program
order words which define the rule of action of the system,

In accordance with another feature of this invention,
a random access temporary memory is used to maintain
a record of the service states of lines and trunks' served
by the system -and to maintain a record of the progress of
calls through the system.

In accordance with another feature of this lnventlon,
a multistage gas tube switching network is controlled by
the stored program and the common control circuit se-
lectively to provide transmission connections between hnes
and trunks served by the system.

In accordance with another feature of this 1nvent10n,
a random access permanent memory is employed to-trans-
late called directory numbers to called equipment num-
bers in the switching network.

In accordance with another feature of this invention,
a random access temporary memory is used to maintain
a record of recent changes in subscriber directory number
to subscriber equipment number translation data to keep
the translation information in the permanent memory
up to date.

In accordance with another feature of this invention,
all control operations are on a serial, one-at-a-time basxs,
and all decisions are binary in nature.

In accordance with another feature of this mvennon,
the frequency with which a call in progress is served is
dependent upon the rate at which changes on a line or
trunk are calculated to occur in order to comserve tlme
rather than on a single periodic basis.

In accordance with another feature of this 1nventlon,
a common busbar transmission system is employed to .
transfer information in, out and through the control
system.

In accordance with another feature of this inventien,
the common control circuits operate at a much faster rate
than the switching network and the common contrel cir-
cuit expects and awaits signals from the network indicat-
ing the receipt of orders and the completion of actlons
within the switching network.

In accordance with another feature of this invention,
a single out-pulsing signaling selector is employed to pro- .
vide dial pulses and supervisory information to a11 out-
going trunks.

In accordance with another feature of this invention
the two storage areas, which are assigned to each line
and trunk to maintain a record of the service states there-
of, are at identical addresses in separate portions of the
temporary memory.  Accordingly, the address of the
second area may be obtained by merely - complementmg
one bit in the address of the first area.

In accordance with another feature of this invention,
serial common control actions are initiated at substan-
tially regular intervals in time; an approximately 2%
microsecond operating cyclé is advantageously employed
in the system disclosed herein, The control actions may
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be of-\thc; ndn—decisioﬁ tyi)e employed to establish initial

conditions within the system or they may be actions re-
quiring a binary decision. -In each decision action 2
choice is made between advancing in the current pro-
gram sequence or transferring to a new sequence. . .
* % In accordance with another feature of this invention;
the program sequences are all calculated to minimize the
interruption of sequences. This is accomplished by tak-
ing into account the probability of an event occurring or
not:occurring in dictating the terms of transfer from the
current sequence on decision orders.
~-In-accordance with another feature of this invention,
certain decision orders require two 214 microsecond op-
erating intervals to reach a decision and in such instances,
overlap programming is employed to effect savings in
time.  In overlap programming, each program word
comprises an order to operate upon information pres-
ently available in the system in-addition to new informa-
tion for the succeeding decision order., )
- In accordance with another feature of this invention,
each decision order culminates in the generation of either
an-advance or -a transfer signal. The advance signal is
referred to herein as an Execute Present Order (EPO)
signal and the transfer signal is referred to as a Condi-
tional Transfer (CTR) signal. . : )
- - In-accordance with another feature of this invention,
means are provided to convert serial information to
parallel information and vice versa to allow the storage
‘and reading of blocks of information from the random
"accéss-temporary memory. These means include a reg-
ister having a plurality of cells which may be individual-
ly set and read as opposed to a shift register.
- -In accordance with another feature of- this invention,
the ‘conventional 4-digit decimal directory number rep-
Tesentative of a called station within the local office of
this system is compressed to a more efficient code to ad-
dress -the permanent memory to the storage area con-
taining the directory number to line equipment number
translation for the calied line.
.- Im accordance with another feature of this invention,
all information regarding the -establishment of a call
through the switching network is erased once a talking
comnection has been established through the switching
network and the common control circuit merely main-
tains an indication that the connected lines are each in
the talking condition. : )
- In accordance with another feature of this invention,
all information regarding the progress of calls through
the system are maintained in Tegisters in a random ac-
cess temporary memory and the timing of all critical in-
tervals in the system is accomplished by periodic actions
at discrete storage areas or groups of storage areas with-
in these registers. )

In accordance with another feature of this invention,
discrete orders are transmitted to the switching network
which proceeds independently of other actions in the sys-
tem and the common control circuit may proceed with
regard to othér calls while awaiting’ completion of cur-
rent actions within the switching network.

The above and other objects and features of this in-
vention will be more readily understood from the fol-
lowing description ‘when read with respect to the draw-
ing in which: I o

Fig. 1 is a general block diagram of a switching: sys-
tem in accordance with the broad aspects of this inven-
tion; - . :

Figs. 2 through 11 are a schematic representation of
one illustrative embodiment of this invention;

Fig. 12 is a schematic representation of the wiring pat-
tern between the various stages of the distribution switch-
ing network employed herein; ) )
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transmission path through a concentrator switch and the
attendant control circuitry;

Fig. 17 illustrates the layout of information in the tem-
porary memory; '

Fig. 18 illustrates the layout of information in the
permanent memory; : e

Fig. 19 is a time diagram with regard to an illustra-
tive call;- - - -

-Figs. 20 through 50 are a sequence or flow chart show-
ing system-actions with regard to an illustrative call;

Fig. 51 is a schematic representation of the warious
connections _through - the . distribution and concentrator
networks during intraoffice calls; . L

Fig. 52 is a schematic representation of the various
connections ' through the distribution and concentrator
networks during outgoing calls to ‘a distant office;

Fig. 53 is a schematic representation of the distribu-
tion and concentrator network connections during an

‘incoming ¢all from a distant office; and

Fig. 54 shows the arrangement of Figs. 2 through 11.

The principal divisions of a telephone switching sys-
tem in accordance with this invention are shown in Fig,
‘1. The functional designations therein are broadly de-
scriptive of the tasks assigned each-block in the figure.
A short functional description of each block of Fig. 1
is given below to establish a background of knowledge
to promote an understanding of the system. This de-
scription is followed by a general discussion of the pro-
gress of a telephone call ‘without regard for the com-
plexities” occasioned by time division operation of the
common control equipment.

The Commeon Control 110 is a flexible universal in-

formation processing center which, under orders fr.om
the Permanent Storage 111, serves to process, on a time
division basis, all of the actions necessary to the handling
of telephone switching traffic.
" The Permanent Storage 111 utilizes photographic stor-
age and is of the type designated as a Flying Spot Store;
as deséribed in detail below it has eighteen information
light channels and two servo light channels. Such a
Flying Spot Store is described in R. C. Davis-R. E.
Staehler application Serial No. 541,195, filed October 18,
1955, now Patent 2,830,285, issued April 8, 1958. An
eighteen-bit Order Word, which dictates the work oper-
ation to be performed, is read in parallel from the photo-
graphic storage plates by means of the information light
beam: channels. The Order Words comprise the address
of scemes’ of action in the switching system as well as
commands to be undertaken. o

The system logic, which in prior art systems is-in the
form of permanently or semipermanently placed wiring,
is contained in the photographic storage of this inven-
tion.

In addition to program inforﬁlation, other information .

of a substantially unchanging nature_is also stored in
and obtained from the Flying Spot Store. Subscriber di-
rectory number to equipment number translations are of
the latter type. ,

_The Temporary Store 112 is a destructive read-out
memory wherein a record is kept of the progress of tele-
vhone: calls through the switching system and wherein
information is stored to bring the translation informa-
tion of the permanent store up to date. For example,

* current directory number to equipment number transla-
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Figs. 13 and 14 are a detailed representation of a sin- -

gle transmission path through the distribution network
and the attendant control circuitry; - )
~ Figs. 15 and 16 are a detailed representation, of a single

%

tions are maintained in the Temporary Store until changes
are effected in the Permanent Store.

The Temporary Store 112 is advantageously a Barrier
Grid Tube storage arrangement which is addressed in
accordance with information from the Common Control.
Knowledge obtained at each address is passed to the
Common. Control where it is stored in registers and proc-
essed in accordance with program orders.

The Common Control 118, as previously staied, is an
information-processing center acting under orders from
the Permanent Store 111. The Common Control -is a
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high-speed device performing a new order operation ap-
proximately each 212 microseconds. The allocation of
time to the various functions is dictated by the main pro-
gram in Permanent Store and this program is calculated
to ensure that all subscribers and trunks of the switching
system are adequately served.

The signals from the Common Conirol 118 to the
Barrier Grid Store comprise an address and an order.
The address positions the beam and the order indicates the
action to be taken at the addressed storage spot. Since
the information in the Barrier Grid Tube is destroyed
when read out, an order must indicate whether the read
spot should be regenerated or changed. In response to
commands the Temporary Store indicates to Common
Control the state of the addressed storage spot.

Common Control, in accordance with the program in
Permanent Store 111, also passes information in the
form of addresses and commands to the Line Scanner
108, the Concentrator Control 109, the Distribution Net-
work Control 102, and to trunks 113 and 114 through
the Trunk Signaling Selector 118.

The Line Scanner 168 receives an address from Com-
mon Control and interrogates Line and Trunk Circuits
represented by 165, 106, 113 and 114 to determine the
supervisory state of a line or trunk. The current super-
visory state of a line or trunk is compared, in common
control, with the prior state to detect changes in super-
visory state. In this system changes from on-hook to
off-hook and off-hook to on-hook are noted for purposes
of supervision as well as to determine the content of sub-
scriber dialing signals.

The Distribution Network 101 is a six-stage end-marked
gas tube crosspoint matrix which has an equal number
of trunk terminations on the A and B sides of the Net-
work. The Network provides transformer input unbal-
anced voice frequency transmission paths between any
desired A trunk terminations and any desired B trunk
terminations. A connection between trunks is effected by
selectively applying a marking potential to the desired
A and B trunk terminations. Networks of this general
type are disclosed, inter alia, in Bruce-Siraube Patent
2,684,405, and in K. S. Dunlap application Serial No.
672,651, filed July 18, 1957.

As seen in Fig. 1, information is passed from Common
Control 119 to the Network Control 192 and from Net-
work Control back to Common Control. The Network
Control 182 may be of the type disclosed in the above-
mentioned Dunlap application. The information to the
Network Control is generally in the form of an address
and a command to either establish or disconnect a coa-
nection to a trunk terminal. Information from the Net-
work Control to Common Control is a response indicat-
ing whether or not the command has been obeyed and
also address information determined by the actions with-
in the network and concentrator.

Trunk terminations of the Distribution Network pro-
vide access to the Network for concentrator trunks, trunks
to an operator or a distant office, administrative tone
sources, such as dial tone and busy tone, and ringing and
supervisory tones.

The trunk signalling selector 118 receives a message
from Commeon Control which is a combined address and
command. The address identifies the particular trunk
such as 113 or 134 and the command indicates the super-
visory state that the trunk is to assume. Accordingly,
when a trunk is seized on an outgoing call, the trunk
signalling selector command to the chosen trunk places
the trunk in the off-hook condition and when out pulsing
on a trunk, the commands place the trunk sequentially
in on-hook and off-hook conditions in accordance with
the dial pulses to be transmitted.

Calling habits of subscribers are such that it would
be impractical to provide a trunk termination on the
Distribution Network for each subscriber served in the
system. Therefore, subscriber access fo the Distribution
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Network: is through a Line Concentrator Switch 103
which, in this system, has thirty subscriber lines and ten
Line Concentrator to Distribution Network trunks. Half
of the Line Concentrator trunks terminate on the A side
of the Distribution Network and the other half terminate
on the B side of the Distribution Network, and each of
the thirty subscribers’ lines has possible access to either
the A or B side of the Distribution Network. ;

The Line Concentrator 103 is a single-stage gas tube
crosspoint end-marked switch which provides a trans-
former input unbalanced transmission path between any
desired subscriber’s line termination and an idle trunk
termination. Commands from Common Control to Con-
centrator Control are effective to mark the line termi-
pation of a subscriber requesting service and to sequen-
tially scan the line concentrator trunk terminations until
an idle trunk is found at which time a crosspoint breaks
down to comnect the marked subscriber’s line and the:
idle trunk from the Line Concentrator to the Distribution
Network. Upon completion of the connection of a sub-
scriber’s line to an idle trunk, the Concentrator Control
109 indicates to Common Control 110 that the mission
is completed, and identifies the concentrator trunk used.

A Ringing Concentrator 104, also under command of
the Concentrator Control, is analogous to the subscriber’s
Line Concentrator. However, ringing tones appear on
the line terminals of the Ringing Concentrator rather
than subscribers’ lines. ) )

The Subscribers” Sets such as 107 are responsive to
interrupted single-frequency ringing signals and selective
signaling is accomplished through the use of six separate
signalino tones applied individually to a called line.
A ringing induction s1gna1 is returned to the calling party
to indicate that ringing is in progress.

Under command from the Common Control, the Con-_
centrator Control 189 establishes two paths through the
Ringing Concentrator. The first path connects one of the
six tones to one trunk of the Ringing Concentrator while
the other path connects ringing induction to an associated
second trunk of the Ringing Concentrator. Connection
of thsee ringing trunks to the called and calling sub-
scribers, respectively, is accomplished through the Dis-
tribution Network at the command of Common Control.
Therefore, during ringing, two connections are established
in the Distribution Network: the first connection is be-
tween the called subscriber and the ringing tone, and
the second connection is between the calling subscriber
and ringing induction. ) . .

Subscriber information tone sources, such as Dial Tone
Source 116 and Busy Tone Source 117, appear at trunk
terminations on both sides of the Distribution Network
and connection of these tones to a subscriber’s line is
effected by marking the trunk to Wthh a subscriber’s
line is connected and one of the trunk terminations carry-
ing the desired tone. As in the case of establishing a
connection between trunks on opposite sides of the Dis-
tribution Network, the establishment of a connection be-
tween a subscriber’s line and either dial or busy tone is
by means of the Network Control ‘162 under command
from Common Control 110. Completion of this con-
nection, as in the case of completion of other connec-
tions in the Network, is indicated to the Common
Control.

‘Communication with a distant office or an operator
is accomplished over Two-way Trunks such as 113 and
114 which appear as trunk terminations on both sides
of the Distribution Network. Network Control 162,
upon command from Common Control 110, marks the
termination of a Two-way Trunk and the termination of
a Line Concentrator trunk to -establish a transmission
path through the Distribution Network. Supervision to
the operator or the distant office and dial pulsing out-
going from the trunk to the distant office are under
control of Commoen Control.

The subscribers’ Line Circuits represented by 105 and
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106 in Fig. 1 provide power to the subscriber’s line
and contain the scanning point interrogated by the Line
Scanner. ‘The line condition whether on-hook-or off-
hook is indicated by the potential at the point of inter-
rogation,

We will now proceed to the general discussion of
the progress of a call through the office. - Assuming, as a
starting point, that an interrogation of the Permanent
Store 111 has commanded the scanning of subscribers’
lines and  office trunks, the Line Scanner 108 will se-
quentially -interrogate Subscribers’ Lines such as 185 and
106, representative of all lines in the office, and Two-way
Trunks 113 and 114, similarly representative of all the
trunks in the office, to determme changes in supervisory
state.

The lines and trunks can assume two supervisory states,
either. on-hook -or off-hook, and these may be rep-
resented as a binary “0” or “1,” respectively. The state
of each line in the system is kept in the Temporary
Store 112 in spots specifically assigned to the line, and
each time a line is scanned a comparison is made be-
tween -its present supervisory state and its previously
recorded state to recognize requests for service. It
should be noted that each line is scanned for supervision
approximately once every one-tenth of a second.

Having detected an initial change from on-hook to
off-hook condition, indicative of a request for service,
Common Conirol 110 arranges to serve the line request-
ing service at a high scanning rate, approximately once
every ten milliseconds, to ensure detection of all sub-
scriber dial pulses. Having noted a request for service,
the Common Control performs various other functions
over and above the arrangements for more rapid scan-
ning of the line. For example, commands are given to
the Concentrator Control 109 to establish a connection
between the line requesting service and an idle trunk to
the Distribution Network; a command is given to Net-
work Control 102 to establish a connection between the
Line Concentrator trunk which is connected to the sub-
scriber requesting service and to a Dial Tone trunk ter-
minating on the opposite side of the Distribution Net-
work. Originating - registers comprising pluralities of
spots in the Temporary Storage are scanned to find an
idle register and, having found one idle, the address
of the line requesting service is stored therein and the
assigned line spots of the Temporary Store are changed
to indicate that the line is being served by Common
Control.

Subscriber -dial pulses are detected at the high scan-
ning rate and the number of the called line, in binary
decimal code, is stored in the originaitng register assigned
to this call. Upon detection of the first dial pulse, Com-
mon Control orders Network Control to release the con-
nection between the Dial Tone Source and the calling
subscriber. Having completed storage of the code of

the called line in the originating register, the Common’

Control must determine the nature of the call, ie., an
operator call or an intra-office or interoffice call. In the
case of an intra-office call Common Contro! 110, in con-
junction with information from the Flying Spot Store,
determines the line equipment number of the called sub-
scriber. Common Control is then ready to test the super-
visory condition of the called line and establish the ring-
ing or busy connection as is appropriate.

Common Control interrogates the line spots in the
Temporary Store assigned to the called subscriber to
determine whether or .not the called line is busy. If a
busy condition is found, this information is returned to
the calling subscriber by connecting a busy tone trunk
to the Line Concentrator trunk associated with the call-
ing subscriber through a Distribution Network trans-
mission path. In this event, the calling subscriber re-
leases and attempts a connection at a later time.

If the called line is found to be idle, its associated line
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spots, in Temporary Store, are changed to indicate that
the line is being processed by Common Control.
Common Control .110 orders Concentrator Control
109 to establish the transmission path between the called
subscriber line and an idle trunk to the Distribution Net-

‘work, preferably a trunk terminating on the side of the

Distribution Network which is distant from the trunk -
which is connected to the calling subscriber.

If the called subscriber’s line is idle; Common Control,
by means of Concentrator Control, establishes two trans-
mission paths through the Ringing Concentrator. The
first path connects ringing induction to a Ringing Con-
centrator trunk to be associated with the calling sub-
scriber, and the second transmission path connects the
proper ringing frequency to a second Ringing Concen-
trator trunk to be associated with the called subscriber.
Common Control is now ready to establish the connec-
tion of the ringing trunks to the calling and- called sub-
scribers. - Common Control therefore commands Net-
work Control to establish transmission paths between
the calling and called subscribers and the proper ngmg
Concentrator trunks.

Common . Control then orders scanning of the ringing
registers in the Temporary Store and, upon finding an
idle register, records therein the line equipment numbers
of the called and calling lines for later reference.

As ringing of the called subscriber progresses, Com-
mon Control orders the Line Scanner 188 to interrogate
the called line at the high 10 millisecond scanning rate.
Upon detection of a called line transition from the on-
hook to the off-hook condition, the Common Control
acts to release the connections to the ringing trunks and
to establish a direct transmission path in the Distribu-
tion Network between the Line Concentrator trunks of
the calling and called subscribers.

The Common Control also changes the called sub~
scriber’s line spots of the Temporary Store to the “falk-
ing” state for reference on future scans of the called
line.

The subscribers’ lines are now in the talking condi-
tion and nothing more need be done until one or the
other subscriber indicates that the connpection may be
released.

The Common Control proceeds with the other tasks
required in the operation of a telephone switching. sys-
tem; however, it continues on a time division basis to
scan both the calling and called subscribers’ lines at 100
millisecond intervals to detect a transiiion from off-hook
to on-hook. Having noted such a transition, Common
Control orders Concentrator Control to release the con-
nection between the line requesting the release and the
trunk from the Concentrator to the Distribution Net-
work. ‘This is also effetcive to release the transmission
path in the Distribution Network and the Line Concen-
trator transmission path associated with the other party
of the connection.

A call to a switchboard operator or to a distant office
progresses in a similar manner up to the point where
Concentrator Control 109 establishes a connection in
the Concentrator between the line equipment termina-
tion of the called subscriber and the idle trunk from the
Concentrator to the Distribution Network. Trunks to
an operator or a distant office do not appear in a con-
centrator; therefore, in the case of a call to a switch-
board or a distant office, Common Control orders a
connection between the Line Concenirator trunk asso-
ciated with the calling line and the Distribution Network
termination associated with an idle Two-way Trunk in
the proper trunk group. Supervision to the operator or
distant office is under the control of the Trunk Slonallmg
Selector 118 and outpulsing to the distant office is accom-
plished thereby.

Completion of an outgoing call to an operator or 2
distant office is dependent upon an answer from the
switchboard operator or subscriber at the distant office.



2,055,165

: 9 i _
Again upon completion of a call Common Control is
free to perform its other assigned work operations; how-
ever, as before, it makes a 100 millisecond supervisory
scan of the calling line and the called trunk to detect
the release of the connection. Having detected the re-
lease, Common Control ordsrs Concentrator Control to
release the connection between the calling subscriber and
the associated trunk from the Line Concentrator to the
Distributicn MNetwork. Similarly the Common Con-
trol effects a release at the Distribution Network trans-
mission path to the Two-way Trunk.
Having considered an intraoffice call and a call from
a subscriber to the operator or a distant office in a very
general manner, we will now progress to a detailed de-
scription of the apparatus and operation of this system.

EQUIPMENT DESCRIPTION

The drawing employed herein in many instances shows
single lines as the connections between blocks; it is to
be understood that these single lines are merely symbolic
and may indicate numerous connections such as a cable.

In certain instances, the binary states of a circuit are
provided on separate output conductors which are alter-
natively energized. Such an arrangement is called a
2-rail circuit and binary devices which provide individual
“0” and “1” state output signals are called 2-rail logic
elements herein. In other instances, only one of the two
states of a binary device are employed, and such ar-
rangements are called single rail circuits.

Throughout the drawing gate and amplifier symbols
are understood to be a plurality of gates or amplifiers
having a number of channels equal to the number of
individual signals to be transmitted therethrough. For
. example, in Fig. 4 Gate 405, when enabled, transmits

the five bits in the C Code Register to the C Memory
Register 432. Accordingly, Gate 485 comprises five 2-
rail gate circuits.

Similarly, Output Amplifier 1865 has eighteen chan-
nels to handle the eighteen single rail output signals from
the phototubes of the Flying Spot Store and the Pulse
Stretcher 1680 comprises thirty-six channels to handle
the eighteen 2-rail output signals from the Output Reg-
ister 1068.
: Flying Spot Store

The Permanent Store 111 of Fig. 1 is a Flying Spot
Store having eighteen information channels and is shown
in greater detail in Fig. 10. ’

A Flying Spot Store Memory System is fully described
in the copending application of R. C. Davis and R. E.
Staehler, filed October 18, 1955, Serial No. 541,195, now
Patent 2,830,285, issued April 8, 1958, and in C. W.
Hoover, Jr., and R. W. Ketchledge application Serial No.
581,073, filed April 27, 1956, now Patent 2,855,540,
issued September 7, 1958.

The semipermanent information required in the appli-
cants’ invention is stored on a plurality of high resolution
photographic plates. Each plate has a rectangular array
of definable storage areas, commonly referred to as
“spots.” Each storage area may be set to one of two con-
ditions characterized as binary “0” and “1.” In appli-
cants’ one particular embodiment, an opaque storage area
represents a binary “0” and a transparent area represents
a binary “1.”

The Flying Spot Store in Fig. 10 has eighteen informa-
tion photographic plates, 1801 through 1918, not all of the
plates being numbered in the figure.

A Cathode Ray Tube 1080 provides an extremely small
and intense spot of light which is focused by means of

eighteen separate objective lemses, for example 1021

through 1638, onto cighteen individual spots of the pre-
viously recited eighteen photographic plates. Photosensi-
tive elements, such as 1041 through 1058, are placed to
receive the eighteen separate light channels with the photo-
graphic plates 1001 through 1018 arranged to intercept
‘or pass the light, dependent upon the state of the stored
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spot to which the beam is directed. The cutput sigrals
obtained from the photosensitive elements comprise in
parallel an eighteen-bit binary word.

The spots of the photographic plates are addressed by
positioning the cathode ray light beam under control of
the Horizontal and Vertical Deflection Amplifiers 1059
and 1060, respectively. Horizontal and vertical addresses
to be assumed by the Flying Spot Store light beam are
passed to the Horizontal and Vertical Input Registers
1039 and 1040 in binary code over conductor groups 1970
and 1071, respectively. The Horizontal and Vertical In-
put Registers 1039 and 1640 are also settable by manip-
ulation of the manual input controls 1078 and 1079. In
the particular photographic plates employed in this inven-
tion, a photographic storage array of 16,384 spots in an
array of spots 128 by 128 is employed. A binary code
signal having seven bits for the horizontal address and
seven bits for the vertical address is therefore required.

It should be noted at this point that in general 2-rail
logic is employed throughout the applicants’ invention.
That is, individual conductors which are selectively ener-
gized are employed for each of the two binary states of
a binary bit. For example, a seven-bit binary word re-
quires fourteen comnductors which are selectively ener-
gized. Conductor groups 1070 and 1671 therefore each
comprise fourteen conductors.

The horizontal and vertical binary addresses stored in
Input Registers 1039 and 1049 are processed separately in
the horizontal and vertical input servo mechanisms 1672
and 1073 to develop cathode ray beam deflecting poten-
tials, as described further in the above mentioned Hoover
application.

In positioning the light beam, the two ribbon-shaped
light channels obtained through cylindrical lenses 1019
and 1020 are projected onto photographic code plates
1061 and 1062. The light passing through the trans-
parent areas of these code plates falls upon the groups of
photosensitive elements 1063 and 1064. The plates 1061 .
and 1062 are encoded in binary code; therefore, the code
signals present on the output conductors of photosensitive
elements 1063 and 1864 should be the same as the code
signals stored in Horizontal and Vertical Input Registers
1039 and 1040. The code signals derived from the output
of photosensitive elements 1863 and 1064 are employed
as feedback information into horizontal and vertical input
servo mechanisms 1072 and 1073. These feedback signals
and the servo imput signals from the Horizontal and
Vertical Input Registers are combined to position the
light beam to the proper horizontal and vertical address.

The eighteen-bit word obtained from interrogation of
the photographic storage plates 1061 through 1618 ap-
pears as binary signals on the output conductors of photo-
sensitive elements 1041 through 1058. One-rail logic is
employed at this point of applicants’ invention as one
conductor connects each of the photosensitive elements
1041 through 1058 to the input terminals of the Logic
Amplifier 1065 which is employed to bring the Flying
Spot Store output signals to a usable level.

The ocutput signals of Logic Amplifier 1665 are present
at the input terminals of the parallel AND gate 1066.
When the gate 1066 is enabled by means of control signals
from the Flying Spot Store Program Control Circuit 1667,
the eighteen-bit binary word is passed to and stored in
the Output Register 1068. At this point a conversion is
made from single-rail to two-rail Jlogic and thirty-six
‘conductors in conductor group 1869 are selectively ener-
gized to convey the eighteen-bit Flying Spot Store output
word to the Common Control area.

Within the Flying Spot Store, one-tenth microsecond
positive pulses comprise the information signals. The
Common Control requires five-tenth microsecond pulses
to set registers therein; consequently one-tenth micro-
second to five-tenths microsecond Pulse Stretchers 1680
are included at the output of the Flying Spot Store output
register 1068. - . :
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- The Flymg Spot Store Program . Control-Circuit 1067
is responsive to two discrete orders.over 1077 from the
Common Control area, namely, “Transfer to the new
horizontal -and vertical address now being transmitted to
the Horizontal and Vertical Input Registers 1039 and 1040
over conductor groups 1070 and 1071” and “Advance to
the horizontal address adjacent to the horizontal address
last registered in the Horizontal Input Register without
changing the vertical address.” This latter order is ac-
complished by incrementing the X address by 1 with an
add 1 circuit internal to the Flying Spot Store Program
Control Circuit 1667. An advance order is employed
wherever possible in this system as the time required to
. advance the beam one horizontal position without chang-
ing the vertical position is less than the time required to
reposition the light beam to a completely new vertical and
horizontal address. :

The Program Control Circuit 1067 among other things
" performs a timing function to generate output signals to
gate the output word from the Logic Amplifiers 1065 to
the Output Register 1068 and to provide a reply. to the
Common Control area 110 indicating that the last-re-
ceived Flying Spot Store order has been completed. The
signal over 1875 to enable gate 1066 appears a fixed time
after the receipt of a transfer or advance order at a time

12
be found in the Bell System Technical Journal of Novem-
ber, 1955; at pages 1241 through 1264.
As previously. stated, input signals from the Common

" Control area 116 to the Temporary Store area 112 com-
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calculated to ensure completlon of the repositioning of -

the cathode ray light beam. Because of the difference in
time required to reposition the beam in these two orders;
the interval of time between the receipt of a transfer
order and its attendant: gate signal is greater than the time
interval between the receipt of an advance signal and its
gate signal. The program control generally comprises
logic and timing circuitry arranged to perform the above-
described function.

The “cycle complete” signal on conductor 1074 appears
a short period of time after each of the gate signals. - The
“cycle complete” signal indicates to the Common Control,
~as will be later seen, that the last-ordered Flying Spot
Store command has been completed.

In summary, signals from the Common Control area
110 to the Flying Spot Store area 111 are horizontal and
vertical light beam addresses in a fourteen-bit binary code
over input conductor groups 1670 and 1671 and orders to
the Flying Spot Store Program Control Circuit over con-
ductor group 1077. '
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prise -horizontal and vertical addresses to. be assumed
by the barrier grid beam and commands to be performed
at the addressed storage area.

As in the case of the Flying Spot Store, a fourteen-
bit binary word comprising seven bits for the horizontal
address and seven bits for the vertical address is passed
to the Horizontal and Vertical Address Registers 601 and
602 over conductor groups 693 and 604. Again, as in
the case of the Flying Spot Store, two-rail logic is em-
ployed in the input to the Address Registers, and conduc-
tor groups 603 and 604 each comprise fourteen conduc:
tors. The horizontal and vertical binary addresses are
processed in the Horizontal and Vertical Digital to Ana-
log Converters 605 and 636 to develop, in' conjunction
with the Horizontal and Vertical Deflection Amplifiers
697 and 608, beam deflecting potentials for the Barrier
Grid Tube 6060. As in the case of the Flying Spot Store,
a- storage array of 16,384 storage areas in an array of
128 by 128 is employed.

Without delving into the details of the operatlon of
the Barrier Grid Storage Tube itself, let us review the
input signals required to read and write in such a tube
operating with collector read-out. -

To read a storage area, the cathode ray beam is d1—
rected to the desired area under control of the Deflection
Amplifiers and, having settled at the desired position,
the grid 609 is pulsed from Grid Drive Source 610.
If a binary “0” was just previously written in the inter-
rogated storage area, a small amplitude negative pulse
will be present at the collector 611 and output cable 612.
If a binary “1” was just previously written in the interro-

" gated storage area, a larger amplitude negative pulse will

40
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OQutput signals from the Flying Spot Store to the Com- ~ °

mon Control area 110 are eighteen-bit binary words over
the thirty-six output conductors of conductor group 1069
and ‘the “cycle complete” signal to the Cornmon Control
over conductor 1474.

The assignment of storage areas in the Flymg Spot
Store photographic plates employed in one specific em-
bodiment of applicants’ invention is shown in Fig. 18.
The upper half of each storage plate is dedicated
to translation words employed to. convert directory
numbers to equipment numbers and to obtain trunk
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equipment information in the case of outgoing -calls. -

The lower one-half of each photographic plate com-
prises program order areas with the main order
area sitnated in the left one-quarter of the lower one-
half of each plate. The main order area occupies the
X addresses 0 through 31 and Y addresses 0 through 63.

A code compression translation order area is situated
at X addresses 32 through 63 and Y addresses 32 through
39, . This area is employed in converting the last four
digits of a directory number to a more efficient fourteen-
bit code which is the address in the Flying Spot Store of
that line’s directory number to equipment number trans-
lation word.

Barrier Grid Store

Thte Temporary Store 112 of Fig. I is a barrier grid
-storage system shown in greater detail in Fig. 6. -

The barrier grid type of storage system as a destruc-
tive read-out semipermanent memory is well known in
the electronic art.

A description of such a system may
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occur at the collector and its output cable. The collector
output is therefore in the form of single-rail logic as was
the output from the photosensitive elements in the Flying
Spot Store. The Video Amplifier 613 is a voltage-sensi-
tive device which amplifies and converts the collector out-
put signals on conductor 612 from single-rail to two-rail
signals on amplifier output uonductors 614. The amph_-
fier output signals are positive voltage one-tenth micro-
second pulses,

In a Barrier Grid Store one storage area is addressed
at a time, as opposed to the addressing of eighteen storage
areas simultaneously in the Flying Spot Store. The Bar-
rier Grid Store output signal is therefore a series of pulses
indicating the states of the serially addressed storage areas.
The Barrier Grid output signals from the Video Ampli-
2;; 613 are gated to Pulse Stretcher 616 through gate

The Pulse Stretcher 616 converts the one-tenth micro-
second Barrier Grid. Store output signals to five-tenths
microsecond signals on conductor pair 617. The Barrier
Grid Store internally operates on one-tenth microsecond
pulses; however, as previously mentioned, processing .in
the Common Control area 110 is through the use of
five-tenths microsecond position pulses.

In addition to reading the state of a desired storage
area, one must be able to establish the desired state at
any desired storage area. A binary “0” is written when-
ever a storage area is interrogated. Therefore, to either
‘read a storage area or to write a “0” in a storage area,
the beam is addressed to that area and, after the beam
has settled, the grid drive source plov1des a pulse to the
grid 609. A binary “1” is written in a storage area by
first pulsing the grid 609 and then pulsing the back plate
618 during the grid pulse period. The grid and back
plate drive are terminated simultanecusly.

There are four possible orders of action to be taken
‘at an addressed storage area. . These are “Read and Re-
generate,” “Read and Change,” “Read and Write ‘1°,”
and “Read and Write ‘07" These orders are provided t9 .
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the Barrier Grid Tube Control Circuit 619 over conduc-
tor group 620. The Control Circuit 619 may comprise
logic elements arranged to provide the functions de-
‘seribed herein.

The first two orders require a knowledge of the prior
state of the addressed storage area to complete their cycle;
therefore a second output from the Video Amplifier 613
is connected to the Barrier Grid Tube Control Circuit
over Conductor 621. )

"~ Upon receipt of a Read and Regenerate order, which
we may designate as an RRG order, the deflection poten-
tials are established to direct the beam to the address
stored in the Horizontal and Vertical Address Registers.
Grid 609 is then pulsed to unblank the cathode ray beam.
The output signal at the collector 611 is transmitted, after
amplification and conversion to two-rail logic, to the
Barrier Grid Control Circuit 619 via Conductor 621. If
a binary “0” was previously written in the interrogated
storage area, no further control of the grid and back plate
will be effected as the process of reading is the same as
writing a “0’%; therefore when one reads and regenerates
a “0,” only a pulsing of the grid 609 is required.

If a binary “1” is previously stored in the addressed
storage area, the Barrier Grid Tube Control Circuit must
effect regeneration of the destroyed “1.” After the read-
ing of the addressed area has been completed, but before
the grid drive is removed, the back plate 618 is pulsed
from 622 to store a “1.” The back plate and grid drive
are removed simultaneously.

The second type of order, Read and Change, which we
may designate as RCH, is similar to the Read and Regen-
erate order except that if a bimary “0” is read in the
‘addressed storage area, the Barrier Grid Tube Control
Circuit, with knowledge of the prior state as indicated
over Conductor 621, will effect writing of the state oppo-
site to the prior state. For example, if a binary “0” was
previously written, the Read and Change order will be
effective to read the state of the addressed area and to
store a “1” in place of the prior “0.”

In the Read and Write “1” order, the Barrier Grid Tube
Control Circuit operates without knowledge of the prior
state indicated over Conductor 621 as the operations to
be performed are fully defined. In this instance, the
‘beam is positioned, the grid drive activates grid 689 to
tead the addressed- area, and then the back plate 618 is
pulsed during the duration of the grid pulse. A binary
17 is thereby written in the addressed area.

The Read and Write “0” order is the easiest to perform
as in this instance the pulsing of the grid 609 to read the
.addressed area is also effective to write a “0” in the ad-
dressed area.

In summary, input signals to the Barrier Grid Store are
in the form of seven-bit binary addresses over conductor
groups 603 and 604 and commands. to the Barrier Grid
Tube Control Circuit over conductor group 620.

Output signals from the Barrier Grid Store to the Com-
mon Control area 110 are serial positive pulses on one
of the two binary conductors in conductor pair 617.

As-is known, continued reading and writing in a Bar-
rier Grid Store affects to a degree storage areas not di-
rectly interrogated. Therefore, all of the storage areas
are advantageously regenerated from fime fo time to
prevent loss of information.

Assignment of Storage Area in Barrier Grid Store

The arrangement of Barrier Grid Storage areas em-
ployed in one specific embodiment of applicants’ inven-
tion is shown in Fig. 17. The number of registers shown
is not necessarily adequate to handle all the traffic in a
switching office and there are not enough spots shown to
handle all of the lines and trunks in a large office. Fig.
17, however, is representative of a typical layout and is
adequate to describe the progress of various types of calls.
It is to be understood that in an actual system more than
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one such Barrier Grid Tube would be employed and that
the spot assignments might be drastically different.

In Fig. 17, the upper two quadrants of the tube are ded-
icated to the L1 and L2 and T1, T2, and T3 spots which
are used in combination to demote the state of the asso-
ciated line or trunk circuit, respectively. The L1 -and L2
spots are both in the “0” state when a line is in the idle
condition, the L1 spot is in its “1” state and the L2 spot
in the “0” state after a talking connection has been estab-
lished through the Distribution Network between a call-
ing and called party, and the L1 spot is in its “0” state
and the L2 spot in its “1” state when a line is being served
by a register in Common Control. The combination
wherein both line spots are in their “1” stite designates
a line denied service. .

The T1 and T2 spots are the Trunk counterparts of the
Line L1 and L2 spots and the combinational codes of
their states are employed to denote the same information
as the L1 and L2 spot codes.

Since trunks in traffic groups are not assigned to adja-
cent equipment locations on the Distribution Network,
the supervisory state of these trunks are gathered together
in adjoining T3 spots to facilitate a rapid hunting of a
traffic group for an idle trunk. Tone trunks such as dial
tone and busy tone trunks are assigned only T3 spots as
changes in supervisory state cannot originate with the tone
source itself. Other trunks such as operator, incoming,
and two-way trunks are assigned T'1 and T2 spots in ad-
dition to their T3 spot as supervisory state changes may
be initiated at the distant end of these trunks.

The T3 spots are set to the “0” state when a trunk is
idle and to their “1” state when the trunk is busy. The
translation word, from which the trunk equipment num-
ber of a trunk associated with a particular T3 spot is ob-
tained, is found in the Flying Spot Store translation area
at an address identical to the T3 spot’s Barrier Grid Store
address. )

The lower half of the Barrier Grid Tube Storage area
shown in Fig. 17 is dedicated to the varicus registers
employed in this system which are described below.

Originating registers

The originating registers each comprise a single vertical
column of storage spots in which dialed information is
accumulated and recorded along with the equipment loca-
tion of the calling party. Twenty originating registers are
shown in Fig. 17 having X addresses 0 through 19 and
each having Y addresses 0 through 63.

The following is a table of spot assignments within each
originating register with symbolic codes employed to
denote the spots and a short word descriptior of their
use.

Y Address Symbolic Description
Code
O-Al.._.._. First activity spot.
O-LEo,
Originating line equipment number.
O-LEI1____.
O-LL Last look spot.
0-A2.......| Second activity spot.
O-AIT ___.. Abandoned call and interdigital interval
timer.
O-PCO___..
Pulse counter.

0-PC3,

0-DLCO....

0-DLC2..__
0-D51-0....

0-DS1-3__._

|
|

0-D§2-0 }
.

|

|

Digit location counter.
First digit storage slot.

Second digit storage slot.
0-DS82-3._..
0-DS3-0._._

0-DS83-3.._.
0-D§4-0._..

Third digit storage slot.

Fourth digit storage slot.
.| 0-DS84-3__..
0-D85-0....

_ . . LrFifth digit storage slot.
0-DS5-3.....
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Y Address Symbolic Deseription
, ~Code . o
............. 0O-DB6-0.... Ll i
through Sixth digit storage slot.
............. O0-DS6-3._-.
............. O-D87-0....
through Seventh digit storage slot.
............. 0-DS87-3.... . -
51 Spare. :
.7 S, O-DT__.._. Dial tone conneetion indication,
[ FO— O-PSPD....; Permanent signal and partial dialing
detector:
5 0-0GC._.... QOutgoing call indicator.
55 pare. - .
56. 0-BY. Terminating Line Busy,
57 pare. L
58 - O-RN....__ Request for network service:
through 0-CLN-0.... Concentrator level of calling subscriber’s
[ S O-CLN-3___|j *1e.
63 Spare.

The Al and A2 activity spots at Y addresses 0 and
14 are used in combination to indicate the state of an
originating register and the progress of call in which the
register is employed.  If the Al and A2 spots are both
in their “0” state, the register is idle; if the Al and A2
spots are both in their “1” state, the register is busy and
dialing is in progress; and if the Al spot is in its “0”
state and the A2 spot is in its “1” state, the register is
~ busy but scanning for dial pulses is not being conducted.

The latter code is used, for example, -when an order has
been sent to the Distribution Network to establish a dial
tone connection. The scanning of the calling subscrib-
er’s line for dial pulses is not started until after a response
is received from the network indicating that the dial tone
connection has been established. This scheme is:adopted
since the subscriber is directed to not start dialing until
after receipt of dial tone. ‘The code combination in
which Al equals 1 and A2 _equals 0 is not employed

Similarly, after dialing is completed, the scanning of
the calling line is temporarily discontinued until after the
appropriate ringing connections have been estabhshed
through the Distribution Network.

The orlglnatmg register is released after a ringing con-
nection is established through the network and, upon re-
lease, the Al and A2 activity spots are reset to their “0”
state.

Upon the occurrence of a service request from a sub-

_scriber, -Common Control interrogates the activity spots
of the originating registers until an aidle register is. found
at which time the activity spots are changed to indicate
that the register is now busy-and the line equipment num-
ber of the calling subscriber is written in the originating
register Y addresses 1 through 12. . The line equipment
number comprisés a twelve-bit binary address in which
the O-LEQ bit stored at Y address 1 is the least signifi-
cant bit and the O-LE11 bit stored at Y address 12 is
the most significant bit. :

A record of the state of the calling subscriber on the
previous supervisory scan is mamtamed in the last lock
spot at address Y13.

The AIT spot is employed to detect abandoned calls'

on the part of calling subscribers and the occurrence of an
interdigital period. ‘The AIT timer is -addressed omce
every 100 milliseconds, at which time the state of the spot
is read and changed. Also upon the detection of each
transition in the state of the subscriber’s line; the AIT
spot is addressed and set to “0.” Accordingly, if a line
transition occurs between 100-millisecond scans of the
AIT spot, the spot will always be set to its “1” state at
the time of the 100-millisecond scan. However, if line
‘transitions do not occur between 100—mlhsecond scans
:of the AIT spot, the spot will be changed from its “1”
1o its “0” state at the second scan to indicate that either
a call has been abandoned or the end of a series of dial
pulses of a single digit have been completed. An aban-
doned call time-out is distinguished from an interdigital
time-out by interrogating the last look spot at address
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Y13. ILf the last look spot was in -the “0” state, the
AIT time-out indicates an abandoned call and if the last
look spot is in the “1” state, the AIT time-out indicates
the end of a digit and therefore an interdigital time-out.

‘The four-bit pulse counter at Y addresses 16 through
19 is employed to count incoming dial pulses. . In_ this
counter the PCO spot is the least significant bit in the code
and has the value 1. The PCI1, PC2 and PC3 spots have
the binary values 2, 4 and 8, respectively. Upon seizure
of an originating register, the pulse. counter spots, the
digit location spots and the digit storage spots are all reset
to their “0” state to prepare for registration of a called
number.

The binary pulse counter is incremented by 1 to re-
cord the detection of a line transition from off- hook to
on-hook, by reading and changing the spots in the pulse
counter starting with the least significant bit so long as
the change is from the “1” state to the “0” state. When-~
ever the change is from the “0” to the “1” state, the ac-
tion of incrementing the counter is complete. When all
bits of the counter are in their “0” state the counter is at
zero count. At the first pulse the counter is incre-
mented by reading and changing the PCO spot from “0”
to “1.” 1In accordance with our foregoing rules, our
action is now complete as we have made a change from
“0” to “1” and examination of the code 0001 stored in
the counter shows that we are correct in that the new
code has the binary value 1.

Upon the occurrence of the second dial transmon the
PCO spot is changed from its “1” to “0” state and the
PC1 spot is changed from its “0” to “1” state and again
the action of incrementing the counter is completed.
The code stored in the counter is now 0010 which is the
binary code for the decimal 2.

The three-bit digit location counter at Y addresses 20,
21 and 22 maintains a record of which digit of the called
directory number is being counted in the pulse counter so
that upon the completion of receipt of the current digit it
may be transferred to its proper. digit slot.

The digit slots 1 through 7 at Y addresses 23 through
50 are merely four-bit registers in which the directory
number of the called subscriber is recorded.

The dial tone spot at Y address 52 Is set to its “1” state
whenever a_dial tone connection is established and, -as
previously indicated, Supervisory scans for the detection
of dial pulses are not undertaken until after the dial tone
spot is in its “1” state.

The PSPD spot at Y address 53 i is.a txmmg circuit simi-
lar-to the AIT timer. This timer is scanned once every
10 seconds and the information stored therein changed.
The timer spot is reset to its “0” state each time informa-
tion is taken from the pulse counter and Wntten in the
digit storage slots. .

A lapse of ten seconds between a request for service
and the first dialed digit is considered to indicate a perma-
nent signal and a similar lapse of time between dialed
digits is considered to indicate a partially dialed number.
Trouble action in the form of a distinctive tone to the
subscriber or automatic connection of the subscriber to a
trouble operator is effected upon occurrence of either of
these conditions. ;

The OGC spot is set to its “1” state upon an mdlcatlon
that the call is to an operating intercept trunk, a distant
office, a revertmg call, or one of the several service code
operations, and is in its “0” state upon the occurrence of
an intraoffice call.

When the OGC spot is in its “1” state, the further dis-
tinguishing information as to whether this is a call from
a subscriber denied originating service, a cail to .an oper-
ator, a reverting call or a call to one of the service code
numbers, et cetera, is stored in digit slot 3 at Y addresses
31 through 34. .If the call is to one of the Service Codes
of the form. 11X, the X portion of the code is stored in
digit slet 3 and .is employed to effect.the _connecthn, to
the desired service. .
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The RN spot is set to its “1”- state whenever: the orig:

inating register reqmres service of the network: and: must-

wait as the network is busy handling other requests.

The BY spot is set to its “1” state whenever the called:

line is found in the busy state.
The concentrator level storage spots at Y- addresses 359
through 62 comprise a four-bit storage space in which the

number of the concentrator-trunk connected to the callin'g~

subscriber’s line is recorded upon the occurrence of a
dial tone connection.

“Incoming registers -

The four incoming registers 1 through 4 are shown at-X
addresses 44 through 47 and at Y addresses 0-through 63.
These registers are in effect originating registers for in-
coming calls from a distant office or operator and are ac-
cordingly similar to the originating registers employed
with subscribers’ lines. These registers must record only
four digits since it is previously established that these calls
are-to the office to which the trunks are-incoming. - ‘The
following table, like our preceding table of the originating
registers, shows the Y address, the symbolic code- of the
spot at these addresses.and a short description of the-use
to which these spots are put.

Y Address Symbolic

Deseription
Code -

First activity spot.
TIncoming trunk equipment number.
Last look spot. ' ‘

-1 Second activity spot.
Interval timer. -

Pulse counter.

}Digit location counter.
Spare.

}First digit storage slot. .

}Second digit storage slot.

Third digit storage spot.

Spare.
53 Permanent signal partial dial detector..
54 through 57__{.oooooo- Spa
58. I-RN Request for network service.
59 through 63_.{ - oot Spare,

The incoming trunk equipment numbers at Y addresses
1 through 12 are the counterparts of the originating line

equipment number and describe a trunk scanner address.

rather than a line scanner address.

The remainder of the spots serve the same. purpose in.

the incoming register as their similarly labeled counter-
parts in the originating registers. )

‘It should be noted that ‘although four digits are to be
recorded in the incoming register, only three digit storage
slots have been provided and the fourth digit'is stored
directly in the pulse countet and not transferred to a digit
storage slot.

Ringing registers
The ringing registers .1 through 16 at X addresses 20

through 35 and Y .addresses- O through 46 are employed
during the time that a ringing connection is established

to store information necessary to the detection of answers,

and the abandonment of-a call.

The answering timer is a two-bit, timer comprising the
storage spots TAO and TA1l, This timer is in effect. a
pulse counter which starts timing from the assumption
of the “0” states by both spots. This counter is pulsed
once every three-quarters of a minute and its count is
incremented by 1 as described in our description of the
pulse counter in-the originating register.- At the end of
the first three-quarters ‘of a minute, the TAQ spot is
changed to its “1” state and the TA1 spot remains in its
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“0"- state - and. at-the occurrence of the second pulse at,
the end: of one and one-half minutes, the TAQ®. spot is
reset to its “0” state and the TAl spot to its “1” state.
At two and- one-quarter minutes both spots are set to
their “1” state and at the end of three minutes both spots
are reset to their “0” state to indicate that an answer
time out has occurred.

Y Address Symbolic ° Description'
Code .

R-A.. “Activity spot.

R—CDEO.-..
R-DCE1lL...

-------------- Called equipment number,
------------- Spare.
:..| Spare.

.| Ringing code.

S ) T
%:% 2? - }Answer Timer.
Spare.
e acmrmecaeed R-RTEO...CY 77
R-RTE10...

}Rh_lging trunk equipment number.

The called equipment number at Y addresses 1 through
12 is the called line counterpart of the originating -line
equipment number stored in- the ongmatmg register.
The called equrpment number and ringing code-are- ob-.
tained by -a translation of the called directory number
which was stored in the originating register.

The ringing trunk equipment number at Y addresses
36 through 46 is the equipment address of the signaling.
trunk between the ringing concentrator 204 and the dis-
tribution network.

Disconnect. regzster.s'

Disconnect registers 1 through-4 located at X addresses
36 through 39 and Y addresses .0 through 16 are em-
ployed to ensure that a-line or trunk transmon from off-
hook to on-hook is not merely a h1t. e

Y Address Symbohc

Deseriptiod .
Code T

D-A..

Actwrty spot

Equipment number of line bemg scanned:
for.disconmnect. -

This spot is in .its .“1” state when dis-
connect timing is being performed.

A two-bit timing counter which, when
recycled, indicates . termmatlon of &

[ fixed tumng period.”

When in its “1" state, indieates .that
trunk guard timing is being performed.

D-ENil....
D-DT......|

D-TG......

The disconnect timer is engaged whenever an off-hook
to on-hook transition is detected on a line in the talking
condition not being served by a register. This register
is. employed to ensure that a-hit on line or trunk indi-
cating a possible disconnect does not result in an erro-
neous-release of a talking connection.  Accordingly, upon
receipt of a disconnect indication, the disconnect register
is seized and the disconnect or on-hook condition must
prevail for at least three-tenths of a second after the
original disconnect signal before the Common Control
orders release of the talking path. The A spot at ad-
dress 0.-is an activity spot which is set to its “1” state
whenever the disconnect register is busy and reset to its
“0” state whenever the register is idle. The equipment
number spots-at’Y addresses 1 through 12 are the twelve-
bit address of the line being investigated in regard to a
disconnect request.

The DT 'spot is set.to-its “1” state whenever the dis-
connect -timer is being used in conjunction with the dis-
connect timing of subscribers’ lines and the TG spot at
Y address 16 is -set to its- “1” state whenever the timer
is - being - employed w1th relation to trunk disconnect
timing.
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The TA and TB spot is a two-bit timing counter which
is incremented every 100 milliseconds and therefore re-
cycles once every 400 milliseconds. Accordingly, a dis-
connect or guard time-out occurs between 300 and 400
milliseconds after the dmconnect and guard register is
seized.

Out-pulsmg registers

The out-pulsing registers 1 through 4 shown at X.
addresses 40 through 43 and at Y addresses 0 through
44 are employed to store the last four digits of the di-
rectory number of an outgoing -call and-to perform the-
timing functions attendant to the - out-pulsing . of -that
. number. The out-pulsing. register storage spots, along
with their Y address, symbolic code and short description
thereof, are shown in the following table: :

Y Address | Symbolic_ . Description
. Code S
0. I~A Actlvity spo(;
1 I-DS1-0.._
First digit slot
L-DS1-3___.
L-D82-0---. .
- * - |ySecond diglt slot.
] L-DS2-3....
D850, .- }Thj d digit slot.
I slo
L—rDS3—3____
1~ Pulse timing ind.icator
Interdigital timing indicator. .
}Fout-blt timer,
Last signal generated
}Pulse counter,
}Digit counter.”
bt }Trunk signal- selector equipment num-
;| L~T'SN8_...
L TE" g }Dismbutlon network address of out-
L-TE10..... going &

The out-pulsing register is the inverse of an originating
register in that dial signaling information to be trans-
mitted to a distant office is stored therein and transmitted
at the dial pulse rate.in accordance with timing signals
supplied by the out-pulsing register; - The activity spot at
address 0 is set to its “1” state when a register is seized
to indicate the busy condition. The four-digit -directory
code to be transmitted to the distant office is stored in
the pulse counter at Y addresses 20 through 23 and in
the digit slot registers at Y addresses-1 through.12. The
first digit to be out—pulsed is stored in the pulse counter,
the second digit in the first digit slot, the third digit in’
the second digit slot, and the fourth digit in the third
digit slot. It should be noted that only four digits are

- transmitted since the terminating  office is. known and
therefore the office codes need not be transmitted.

The pulse counter at Y addresses 20 through 23 is
actually employed as a pulse subtracting arrangement.
That is, the order transmitted to the Barrier Grid Store
is to read and change what is found in this pulse counter,
starting with the least significant bit, i.e., the-bit stored
in the PCO spot, and continue to change the states of
spots until-a “1” is changed to a “0.” - The number
storedin the pulse -counter is thereby one step at a
time decreased until the pulse counter has been- reset so
that all bits are in their “0” state. - After the first dxg1t
has been out-pulsed, the second digit which is stored in.
digit slot 1 at 'Y addresses 1 through 4 is shifted to the
pulse counter at Y addresses 20 through 23 and it, as in
the case of the first digit, is out-pulsed. .This- process
continues until all four digits have been transmitted.
Four basic timing intervals must be established in con-
junction without pulsing. These intervals are: (1) the
initial seizure interval of approximately 150 milliseconds
which is employed to ensure seizure of incoming equip-

5

20
ment at the distant office; (2) the basic pulse interval of
55 milliseconds: (3) the interpulse period of 45 milli-:
seconds; and (4) the- mterngltaI penod of 600 mllh-
seconds.

A nine-bit trunk address to direct -the trunk sxgnalmg”
selector to one of the possible 512 trunks is stored in the
trunk selector equipment spots at 'Y addresses 26 through
34. These nine bits comprise the nine most. significant.

- bits of a ten-bit signal to the trunk signal selector transla-
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tor 551. The tenth or least significant bit dictates the
supervisory state to be transmitted to the distant office.
For example, if the least significant bit is “0,” an on-hook
supervisory condition is transmitted to the distant office
and if the tenth bit is a “1,” the off-hook supervisory.
condmon 1is transmitted. :

Network regzster _

The operatlons of estabhshmg and. releasmg connec-
tions ‘through the Distribution and Concentrator Net-
works. are slow compared to the 2.5 microsecond operat-
ing cycle employed in the Common Conirol portion of
this system. In fact, the network operations occur at
approximately - 2.5 ‘millisecond intervals which is one
thousand times slower than the basic 2.5 microsecond
Common - Control operating cycle. Since the network
operates so slowly, a record must be maintained of the
Flying Spot Store address to be interrogated upon com-
pletion of the current network operation as well as the
address of the register from which commands are to be
taken. There is but one network register employed in
this system as the concentration and distribution net-
works are considered to comprise a single network for
purposes of job assignments. This register 1s at X ad-
dress 44 and Y address 0 through 40.

Y Address Symbolie Description
Cods
o N-A- T A A 4
.- g Spot Store network program ad-
Liﬁfaag-ﬁ """ N-NP AO""{ d.r&as t??t which si ;ciransfef‘,rt lihc:mld bg'
made after completion of the curren
U N-NPA13 job in the network.
15. Spare.
16. Spare. .
17131-156{17;-1; """ N-RADO... Registet{a %ddr%ss from which current task
% N-RAD6.__{] Tas© ainer
24< ...... Spare.
............. N-TSNO.._-
i General purpose register spots.
N-TSNil...
N-RWR..__ Request walting from ringing reglster
N-RWD.___.| Request waiting from disconnect register:
N-RWI___.. Request waiting from incoming register.
N-RWO.___. R;zquest waiting from originating reg-
ster.

As in other registers, the activity spot is set to its “1”
state when the network register is busy. The program
‘address spots at Y addresses 1 through 14 comprise the
fourteen-bit Flying Spot Store program address to which
the transfer is made upon completion of the current
work operation of the network.

The register address at Y addresses 17 through 23 is
a record of the particular register in the Barrier Grid
Store from which the current network task was obtained.

The register spots at 'Y addresses 25 through 36 com-
prise a general purpose register without specific assign-
ment.

The request waiting. spots at Y addresses 37 through‘
40 indicate that onme of the various reglsters in the
Barrier Grid Store is awaiting the services of the net-
work. .

Mazn program register

The main program of Common Control is dmded mto-
basic 10 ‘millisecond work intervals and, in ,adrdmon,»
various other ﬁmer intervals are mequired to provide’
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basis. ‘The inain program register comprises the follow-
ing -spots:
Y Address Symbolic Description
Code

0 M-RS..... x| Ringing-scan. .
1. M-TF Timer function,
9 _; M-ICO, . W

through . Tnterval counter, .
5. M-=IC3 : -
6 M=T0. o

through Timer,
12. M-T6.

The ringing scan spot -at-Y.address 0-is in its “1”
state during the time that it is .penmss1ble to scan lines
for answers.

The timer function spot.-at Y. addn‘ess 1ds in its 17
- state when a timing function is’ being . pesformed.

The indications of thé seven-bit timer .at Y addresses
6 through 12 and the interval counter at' Y addresses
2 through 5 are taken in combination to provide 10 milli-
second, 50 millisecond, 100 millisecond and 300 millisec-
ond timing pulses to the Common Control. The com-
bination of the codes in the interval counter and the
timer defines the current position in.the main program.

Line recent change -registers

Directory number to-line -equipment number transla-
tion information is maintained in the line recent change
registers 1 through 64 shown at X addresses 64 through
127 :and Y addresses 0 through 29. Each. register com-

prises one vertical column of storage -areas wherein the-

storage areas at Y addresses 0 through 15 comprise the
four-digit directory code of a local line which has been
the subject of a recent traffic change and wherein the
fourteen bits at Y addresses 16 through 29 comprise the
line equipment number of that directory number.

Whenever an order requests the translation code of
-a called subscriber, the recent change registers are scanned
:sequentially to determine whether the called line trans-
lation information is stored in the recent change registers.
If the called line is not. the subject -of a recent traffic
«hange, the translation from ,directo;'y number to line
equipment number is .obtained from the Flying Spot
Store «directory translation to line eqmpment number
storage area.

Bus circuit

We will now proceed to an explanation of the.func-
‘tional divisions of the Common Control area 110 which
.are shown in greater detail in Figs. 4, 5, 7, 8,.9 and 11.
- In our time. division common control system, the
‘wiring between units of Common Control is greatly sim-
plified by the use of a multiconductor Bus Circuit. The
output of the conductors from the various memory units
of Common Control form the input to a plurality of
OR gates in the Bus Circuit 900. These memory unit
output conductors are shown entering an avenue of
communication labeled “Bus Input.”

The output terminals of the OR gates in the Bus
Circuit 906 are connected in parallel to the various divi-
sions of Common Control served by the bus. The gat-
ing of information over the-Bus-Circuit is under control
of activating signals from .the Order Translator 410.
These activating signals are effective to gate informa-
tion out of a memory -unit-and into.the desired division
of Common Control.

Order Register .

The Order -Register 466 has-as its input the seven-
teen-bit parallel order word from. the:Flying Spot Store,
Fig. 10, over conductor -group 1069. The input is
through conductor group 401 which comprises thirty-four
conductors in familiar two-rail- logic.. The information
stored -in- the Flying-Spot- Store Output Register 1068
may- be - Order ‘Words - comprising - addresses -for -scencs
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of -action and commands to be performed by Common
Control, or-it may be translation information of a non-
order type such as-translations from line -directory num-
ber to line equipment number.

Access to-the Order Register is- through the input
AND gate 402, The information from the Flying Spot
Store - enters -gate 402 over conductor group 1069 -and
this ‘information is selectively gated ‘through gate 402
under commands from ‘the ‘Flying -Spot. Store Transla-
tion -Control 901 -described below over conductor - 404.
A record is kept in ‘the -Flying Spot Store: Translation
Control:901 of the class of information being obtained
from -the Flying Spot Store. ~ The translation informa-
tion-is confined to-one-half of the area of each photo-
graphic plate of the-Flying Spot Store and the order type
of information is in the other half of each photographic
plate, as seen in' Fig.- 18 “and -described above. Only
order information is'to bé entered into the Order Register;
therefore; the gating signal on conductor 404 is present
only’ when the Flying Spot Store beam is directed to
an order area.

It -might .be well at this point to cutline the make-up
of the Order Word obtained from the Flying Spot Store.
The Order Word is divided into A, B, C and D code
words. The A code comprises three bits and may as-
sume the values O through 7. ‘The B code comprises
two bits-and may assume the values ‘0 through 3. The
C code comprises five bits. and may assume the - values
0 through 31. The D code comprises seven bits. Five
of the D bits are used as input codes to the Order Transla-
tor 41¢ and:the full seven-bit D code word .is employed
elsewhere in the Common Control, as will be seen later
in the discussion. ~The output conductors of gate 402
are connected -to the Order Reglster 460,

The Order-Register 400 comprises seventeen- transistor
flip-flop memory cells. Three cells are assigned to the
A code, two cells are assigned to the B code, five cells
are assigned to the C code, and the remaining seven
cells are assigned to the D code.

The output conductors of the Order Register 400 con-
vey the state of the memory cells therein to the Order
Translator 410 and the state of the D code memory cells
only to the Scanner Address Register 420 through its input
gate 421. The state of the B, C and D word cells may
be -also selectively gated to the Bus Input circuit through
AND gate 458 under commands from the Order Trans-
lator through OR gate 459 and conductor group 460.
The state of the C code memory cells may be gated
through AND gate 405 to the C Memory Register 432.

In summary, whenever order information from the
Flying Spot Store is present in the Flymg Spot Store
Output Register 1068, this information is gated into the
Order Register 409 through input gate 402 under com-
mands from the Flying Spot Store Translation Control
9901.

‘Order Translator

The Order Translator 410 is, in general, an arrange-
ment for translating binary input codes to one out of N
output codes and combinations thereof. Translation is
obtained through simple gate logic wherein binary code
elements are combined to obtain one out of N output
signals and combinations thereof.

The Order Translator 410 comprises a Primary Trans-
lator 411 and a Secondary Translator 412. The Primary
Translator 411 in turn comprises an AB translator 413,
an ABC translator 414, a C translator 415 and a D trans-
lator 416. Each of these translators and their attendant
input and output signals will be considered separately.

The AB translator 413 has as its input the three-bit
binary A code over conductor group 451 and the two-
bit binary B code over conductor group 452.

The -operation of the translators within the Primary
Translator 411 and the operation of the Secondary Trans-
lator 412 will be.defined.in. the. following - discussion. in
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terms. of Boolean expressions. Boolean switching algebra
is discussed quite completely in “The Design of Switch-
ing Circuits,” by Keister, Ritchie and Washburn and in
the AIEE Transactions, Part 1, Communications and
Electromcs, vol. 72, September 1953, at pages 380 and
forward, in an article by S. H. Washburn.

In the present discussion binary code conductors are
identified by labels which comprise in sequence a number
representative of the particular binary bit, a letter desig-
nating the code of the order: word and.the numeral “0”
-or:*1” indicating which -state of the binary bit the par-
ticular conductor "represents. In two-rail logic, each
binary bit requires two conductors to define the state of
the bit. * For example, transmission of the “two” bit of
the A code requires two conductors, namely, 2A0 and
. 2A1. All other binary conductors are similarly labeled.

The products of translation, whether they be conduc-
tors energized by the presence of a single value of a bi-
nary input code or combinations of values of the various
binary input codes, bear labels which comprise a letter
representative of one of the codes of the Order Word
followed by the decimal value represented by the input
conductors of that code.  Where a conductor is selec-
-tively energized ‘by the appearance of specific values of
several of the codes of the Order Word, such conductors
are designated by series of letters and numbers alternately
arranged.  For example, a conductor from the output of
the Secondary Translator may be energized when the A
code input has the value of 3 and the B code has the value
of ‘0. A conductor energized under these conditions
would be designated A3B0. Under certain conditions,
it.is desirable to have an indication that one specific code
has a discrete value while some other specific code may
have one of two or more values, in which case the above
scheme of designation is slightly altered. For example,
an-indication may be required when the A code has the
value .of 3 and the B code has the value 0 or 1. A con-
ductor energized under these conditions would be desig-
nated A3B0O-1.

In summary, binary code conductors are designated by
a number representative of the binary bit position fol-
lowed by a letter designation of the code to which that
bit belongs and the value 0 or 1 indicating which rail of
the bit the particular conductor represents. Conductors
conveying the products of translation are labeled in ac-
cordance with the values of the various input codes re-
quired to energize the output conductor.

The following table of Boolean expression defines the
operation of the AB translator:

AB TRANSLATOR

1A0-3A0- 1B0=A0-1B0-1
1A0-2A0-0B1-1B0=A0-1B1
1A0-2A0-0B0- 1B1=A0-1B2
0A1-1A1-2A0-0B1-1B1=A3B3
0A1-1A1-2A1-1B0O=A7B0-1
0A1-1A1-2A1-0BO- 1B1=A7B2
0A1-1A1-2A1-0B1-1B1=A7B3
0A0-1A0:2A0=A0
1A0-2A0=A0-1
0A1-1A0-2A0=A1
0A0-1A1-2A0=A2
0A0-1A0-2A1=A4
0A1-1A0-2A1=A5
0AQ-1A1-2A1=A6
0A1-1A1-2A1=A7

(16) 0BO-1BO=BO

(17) 0B1-1B0=B1

The operation of the ABC Translator is defined by the
following table of Boolean expressions:

(1)
(2)
(3)
(4)
(5)
(6)
)]
(8)
- (9)
(10}
(11)
(12)
(13)
(14)
(15)

ABC TRANSLATOR
(1) 1A0-2A0:-0C0-1C0-2C0-3C0:4C1= A0—1C16
(2).1A0-2A0-0C1-1C0-2C0-3C0-4C1=A0-1C17
(3) 1A0-2A0-0C0-1C1:2C0-3C0-4C1=A0-1C18 .
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(4) 0A1-1A1-2A1-0B1-1B1-0C0-
1C0-2C1-3C1- 4CO—A7B3C12
(5) 0A1-1A1-2A1-0B1:1B1-0C1-
i ; 1C0-2C0-3C0-4C1=ATB3C17
(6) 0A1-1A1-2A1-0B1-1B1-0CO-
1C1-2C0-3C0-4C1=AT7B3C18-

The C Code Translator and the D Code Translator:
each providesa direct translation.from binary to one out:
of N code. The table of expressmns defining the opera-
tion of the C Code Translator is as follows:

C- CODE TRANSLATOR
(1) 0C0-1C0-2C0-3C0-4C0=C0
(2) 0C1-1C0-2C0-3C0-4C0=C1 .
(3) 0CO-1C1-2C0-3C0-4C0=C2
(4) 0C1-1C1-2C0-3C0-4C0=C3
(5) 0C0:1C0-2C1-3C0-4C0=C4
(6) 0C1-1C0-2C1-3C0-4C0=C5
(7) 0C0-1C1:2C1-3C0-4C0=C6 - -
(8) 0C1-1C1-2C1-3C0-4C0=C7
{9) 0C0-1C0-2C0-3C1-4C0=C8
(16) 0C1-1C0-2C0-3C1-4C0=C9
" (11) 0C0-1C1-2C0:3C1-4C0=C10
(12) 0C1-1C1-2C0-3C1-4C0=C11
(13) 0CO-1C0-2C1-3C1-4C0=C12
(14) 0C1-1C0-2C1-3C1-4C0=C13
(15) 0C0-1C1-2C1-3C1-4C0=Cl14
(16) 0C1-1C1-2C1-3C1-4C0=C15
(17) 0C0-1C0-2C0-3C0-4C1=C16
_ (18) 0C1-1C0-2C0+3C0-4C1=C17
(19) 0C0-1C1-2C0-3C0-4C1=C18
(20) 0Ci-1C1-2C0-3C0-4C1=C19
(21) 0C0-1C0-2C1-3C0-4C1=C20
(22) 0C1-1C0-2C1-3C0-4C1=C21
(23) 0C0-1C1-2C1-3C0-4C1=C22 -
(24) 0C1-1C1-2C1-3C0-4C1=C23
(25) 0C0-1C0-2C0-3C1-4C1=C24
(26) 0C1-1C0-2C0-3C1-4C1=C25
(27) 0C0-1C1-2C0-3C1-4C1=C26
(28) 0C1-1C1-2C0-3C1-4C1=C27
(29) 0C0-1C0-2C1-3C1-4C1=C28
--(30) 0C1-1C0-2C1-3C1-4C1=C29
(31). 0C0-1C1-2C1-3C1-4C1=C30
(32) 0C1-1C1-2C1-3C1-4C1=C31

The operation of the C -and D Code translators is

identical and if the letter D is substituted in each of the
above equations for the letter C, the operation of the
D code translator is fully defined and the details need not
be repeated.
* The Secondary Translator 412 performs a combining
operation on the products of translation of the foregoing
Translators and its operation is defined in part by the
following table of expressions:

SECONDARY TRANSLATOR
(1) A0-1-C0=A0-1CO
(2) A0-1-C1=A0-1C1
(3) A0-1-C2=A0-1C2
(4) A0-1-C3=A0-1C3
(5) A0-1-C4=A0-1C4

- (6) A0-1:-C5=A0-1C5
(7) A0-1-C6=A0-1C6
(8) A0-1-C7=A0-1C7
(9) A0-1-C8=A0-1C8
(10) A0-1-C9=A0-1C9

(11) A0-1-C10=A0-1C10
(12) A0-1-Cl11=A0-1C11
(13) A0-1-Cl12=A0-1C12
(14) A0-1-C13==A0-1C13
(15) A0-1-C14=A0-1C14
(16) A0-1-C15=A0-iC15

Sumlarly, the products of translation of the Primary
Translator are combined in simple AND gate logic to
energize code condugtors which are required in the oper-
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ation of ‘applicants’ invention. These conductors, ‘which
are-selectively energized from the output of the Primary
Trapslator, are labeled in accordance with the foregoing
discussion and the input codes which prevail when they
are energized are obvious from the labeling of the con-
ductors.

In:summary, the Order Translator 410 translates the
various .code words of the Order Word from binary
codes to one out of N codes and also performs a sec-
ondary combining translation in which the one out of
N codes obtained from the primary translation are com-
bined to provide multidigit combinational output codes.
The translator oufput conductors 407, 408 and 409 are
shown entering translator cable 406. The translator
cable is not in the form of a common bus circuit but is
rather a schematic representation of an avenue of com-
munication between the output of the Order Translator
410 -and the areas in Common Control requiring Order
Translator output signals.

Subscribers’ line circuits

"The subscribers’ line circuits, represented in Fig. 2 by
boxes 205 and 206, provide means for protecting the
central office equipment from lightning and stray volt-
ages. and, in addition, provide a scanning point which
reflects the supervisory state of the subscriber’s line.
The Line Scanner 201 has access to the scanning point
on all subscribers’ lines and states, either on-hook or
off-hook, are determined by momentary examination of
the potential of the scanning point. A simplified diagram
of a subscriber’s line circuit is shown in Fig. 2.

Protection against lightning is provided by the carbon
blocks 240 and protection against high currents as a
result of foreign potentials on the line is afforded by heat
coils 241. To further protect the switching network to
which the line equipment is connected, the silicon diodes
"242 are provided to limit the voltage across the network
input to about 10 volts,

Power to the subscriber is provided through line feed
resistors 243 and 244. The line scanning point 245 is
at a low potential when the subscriber’s set is in the on-
hook condition, and, when the subscriber places the line

in the -off-hook condition, the current flowing through

the line and resistor 244 raises the potential at line scan-
ning point 245. This change in state is recognized by the
Line Scanner.

Line and Trunk Scanner

The Line and Trunk Scanner 201 serves to interrogate
the scanning point in all line and trunk terminals to rec-
ognize any changes in supervisory state of the lines and
trunks: The address to the Line Scanner on conductor
group 232 is a twelve-bit binary word, of which in one
instance five bits are established by program information
from the Flying Spot Store and the remaining seven bits
comprise the D code of the previously mentioned Order
Word. In other instances the Scannmer Address may be
information from an originating register, from the Access
Register or from other general purpose registers.

A scanner of this general type on a small-scale basis is
shown in Fig. 2.

The scanner address signal elements are amplified by
Logic Amplifiers such as 212 and 215 and then trans-
lated by the diode translator 216 to provide the three
stages of control leads for the three-stage diode scanner
217. ‘The first two conductor groups 218 and 219 con-
nected to the first two stages of the diode scanner 217
each comprise thirty-two conductors and the third con-
ductor group 220 comprises four control conductors
which are connected to the third stage of the diode scan-
ner field 217. Control potentials on the three conductor

- groups 218, 219 and 229 are effective to cause one of the
scanning leads 221, 222, etc., to interrogate the scanning
point of its associated line circuit. The detector ampli-
fier 229 converts the single-rail output from the diode
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scanner 217 to-two-fail logic on 231. The state -of the
interrogated line is therefore indicated on scanner output
conductor pair 231. o

In summary, the twelve-bit binary word, on ¢onductor
group 232, is effective-to interrogate one out of the N
subscribers’ lines or trunks and a binary indication of the
supervisory state of the interrogated line or trunk is given
to the .Common Contro! on a pair of output conduc-
tors 231.. ‘

Scanner Address Register

The Scanner Address Register 420 comprises fourteen
transistor. flip-flop memory cells. This Register is em-
ployed to store Line Scanner addresses and when the
services of the Line Scanner are not required, this Regis-
ter may be used as a general purpose memory unit.

Addresses on conductor .462 from the Bus Output,
Fig. 5, are selectively gated to the Scanner Address Reg-
ister 420 through AND gate 422 under control of the
Order Translator signal A3B3DS5 on conductor 423.
Gating through 422 is in synchronism with the EPO pulse
which enters on conductor 424, :

As previously indicated, the D code, as obtained fro
the.output of the Order Register 400, comprises a second
input to the Scanner Address Register. The D code
enters-through gate 421 which is enabled by Order Trans-
lator signal A0-1C10 on.conductor 425 and synchronized
by EPO0 pulses on conductor 424,

The output conductors of the Scanner Address Register
memory cells are connected -directly -by conductor. group
232 to the Line and Trunk ‘Scanner Input Control Ampli-.
fiers 212 through 215 and to the Bus Input circuit through-
gate 426. The output gate 426 is enabled by any one of
a.plurality of Order Translator signals which enter gate
426 by way of the OR gate 427. ‘The Order Translator:
signals effective to enable gate 426 are: A0-1C10;
A0-1C16D5, AO0-1C17D5, A0-1CI18D5, A3B3CS,
A7B3C12D5, A7B3C17D5 and A7B3C18DS5.

Conductor group 232 comprises twenty-four -condue--
tors and conveys a seven-bit X address and a five-bit' Y
address. -Conductor groups 461 and 462 each comprise
twenty-eight conductors. " In summary, the Scanner Ad-
dress Register 420 maintains a record of addresses to be
interrogated by the Line Scanmer 281, and when not so
required may be employed as a general purpose memory
unit. Information is selectively gated into and out-of the
Register under control of Order Translator signals and
EPO pulses. '

Barrier Grid Store Address Register

The Barrier Grid Store Address Register 700, the

Add 1 X Control 701 and the Add 1 Y Control 702 are
closely allied and will be considered together.
* The Barrier Grid Store Address Register comprises.
fourteen transistor flip-flop memory cells. These memory
cells are divided into two groups. One group of seven
cells is employed to store Barrier Grid Store X addresses
and the other seven are employed to store Barrier Grid
Store Y addresses. As can be seen in Fig. 7, a new X or.
Y address can be selectively gated .into or.out of the. Bar-
rier Grid Store Address. Register without. disturbing  the
address of the. other axis.. V

Information is gated to the Barrier Grid Store Address
Register 700 either directly from the Bus Output or from
the Bus Output through either or both of the Add 1 X.
and Add 1 Y circuits 701 and 702. Order Translator
signals determine which of these inputs is to be gated .into
the Barrier Grid Store Address Register.

A seven-bit word, X2 through X8 on.conductor. group
793 enters the Barrier Grid Store - Address Register..
through AND gate 704 and OR gate 705.. A seven-bit Y
address, YO through Y6 on 706, enters the Barrier Grid
Store Y Address Register through AND gate 707 and OR
gate 708. Each of these gates requires the presence of an
EPQ signal and an order from -the Order Translator,
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Each of the Order Translator signals A0-1C1, A0-1C3,
A0-1C5, A0-1C10, A0-1C12, A3B3D4, A3B3D20,
A7B3C2, A7B3C3, A7B3C9 and A7B3C11 is an enabling
signal for gate 704. 'These signals enter over 709 which
is’ the. output conductor of the combining OR gate 768.
Similarly, each of the Order Translator signals A0-1CO0,
A0-1C2, A0-1C4, A0-1C10, A3B3D4; A3B3D21, A7B0,
A7B1, A7B2, A7B3C0, ATB3C1, A7B3C8, A7B3C10 and
A7B3C20 which enter over 711 is effective to enable
AND gate 707. These last enumerated Order Translator
signals are combined in OR gate 712.

Addresses from the Bus Output circuit are also present
at the inputs to the Add 1 X and Add 1 Y circuits 701
and 702 on conductor groups 723 and 713, respectively.
These Add 1 circuits may be operated independently of
each other under commands from the Order Translator

and are effective to increment either of the X and Y
The

addresses received from the Bus Output circuit.
simultaneous appearance of the Order Translator signal
A7B3CI17 on conductor 714 and the EP0 pulse on con-
ductor 715 energizes the Add 1 X circuit 701. This is
effective to increment the X address present on conductor
group 723 and to prov:de a-new X address on-conductor
group 724 for entry in the Barrier Grrd Store Address
Register through OR gate 705.

-Similarly, the Order Translator command A7B3C18
on conductor 716 and the EPQ pulse are effective to en-
able the Add 1 Y circuit 702.

The output conductors of the Barrier Grid Store Ad-

dress Register X axis memory cells are connected to the

Bus Input circuit through AND gate 760 which is selec-
tively enabled by any one of the Order Translator com-
mands A0-1C0, A0-1C2, A0-1C4, A0-1C7, A0-1C8,
A0-1C11, A0-1C14, A3B3C4, A3B3C20, A7B0, A7BI,
AT7B2, A7B3C0, -A7B3C1, A7B3C4, A7B3CS5, A7B3CS,
A7B3C13, A7B3Cl4, A7B3C20, A7B3CI12D4 and
A7B3C17D4, The Order Translator signals enter over
conductor group 761 and are combined in OR gate 762
whose output conductor is connected to AND gate 760.
" The gating of the output conductors of the Y axis
memory cells is slightly more complex. As previouly
indicated, the I'1 and L2 spots in the Barrier Grid Store
storage area are in similar X addresses but at 'Y addresses
in different quarters of the storage area. The Barrier
Grid -Store beam may be shifted from a subscriber’s L1
spot to the same subscriber’s L2 spot by merely com-
plementing the second most significant bit of the Barrier
Grid Store Y address. In our particular illustrative em-
bodiment, the Y5 bit is the second most significant. Ac-
cordingly, the YO0 through Y4 and the Y6 bits are gated
simultaneously through AND gate 717 and the Y5 bit is
separately gated through AND gates 718 or 719.

Each of the Order Translator commands A0-1Ct,
A0-1C3, A0-1C5, A0-1C7, A0-1C8, A0-1C12,
1C12, A0-1C15, A0-1C17D4, A0-1C18D4, A3B3C4,
A3B3C21, A7B3C2, A7B3C3, A7B3C4, A7B3Cs3,
A7B3C9, A7B3C13, A7B3Cl14, A7TB3C12D4 and
A7B3C18D4 is effective to gate the Y0 to Y4 and the Y6
bits through AND gate 717 to the Bus Input circuit.
Each of the Order Translator signals A0-1C1, A0-1C3,
A0-1C5, A0-1C7, A0-1C12, AC-1C15, A0-1C17D4,
A0-1C18D4, A3B3C4, A3B3C21, A7B3C2, ATB3C3,
A7B3C4, A7B3C5, . A7B3C9, A7B3Ci2D4 and
A7B3C18D4 is effective to enable AND gate 718 and
thereby transmit the state of the Y5 memory cell to the
Bus Input circuit without conversion. :

Each of the Order Translator signals AO0-1CS8,
A7B3C13 and A7B3C14 is effective to enable AND gate
719 and therefore ‘transmit to the Bus Input circuit the
complement of the Y5 bit stored in the Barrier Grid
Store Address Register 700. The Order Translator en-
abling signals for AND gates 717, 718 and 719 are
combined in OR gates 763, 764 and 765, respectively. .

In summary, the Barrier Grid Store Address Register
700 under control of program orders from the Order
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Translator, receives_a fouteen-bit Barrier Grid Store ad+
dress ‘directly. from the Bus -Output or the fourtéen-bit
address from the Bus Output mcremented by 1 m either’
of the coordinates.

The X and Y addresses, also under program orders,-
are simultaneously or independently selectively gated to.
the Bus Input circuit. In addition, the second most sig-
nificant Y bit stored in the Register may be selectively
inverted to rapidly transfer the Barrier Grid Store beam
from a spot in one quarter of ‘the Barrier - Grid -tube
storage area to the complementary spot in another quarter
of the storage area.

Barrier Grid Store Address Control

_The Barrier Grid Store Address Control 1100, under
program orders from the Order Translator 410, selec-
tively gates addresses from the Bus Output to the Barrier
Grid Store Horizontal and Vertical Address Registers
601 and 602. The Bus Output signals are transmitted
through AND gate 1101, under control of the output
signal from OR gate 1102 and the EPO pulse on conduc-
tor 1103, OR gate 1102 is energized by the following
Order Translator signals: A0-1C0, A0-1C1, A0-1C2,
A0-1C3, A0-1C4, A0-1C5, A0-1C7, A0-1C8, A0~
1C16, A0-1CI1, A0-1Ci12, A0-1Cl4, A0-1C15,
A7B0-1, A7B2, A7B3C0, A7B3C1, A7B3C2, A7B3C3,
A7B3C4, A7B3CS5, A7B3C8, A7B3C9, AT7B3Ci3,
A7B3C14 and A7B3C20, which enter OR gate 1102
over conductor group 1105. Output addresses to the
Barrier Grid Store Address Registers 661 and 602 leave.
gate 1101 over conductor group 1106. .

Barrier Grid Store Read-Write Control v
Commands to be undertaken by the Barrier Gl‘ld Store‘

_at the address received from the Barrier Grid Store Ad-:

dress Control 1100 are generated in the Barrier Grid
Store Read-Write Control 1107. As previously indicated,
there are four possible commands to be undertaken by
the Barrier Grid Store Control Circuit 619. These are:
Read and Regenerate, Read and Change, Read and Write
“1” and Read and Write “0.”

The output of the Barrier Grid Store Read-Write Con-
trol 1107 is over conductor group 620 which comprises’
four conductors. Each conductor in this group is the
output conductor of one of the four AND gates 1108
through 1111. These AND gates have as their input the.
output signals from OR gates 1112 through 1115 which
combine Order Translator program signals and signals
representative of selected memory cells in the Access Reg-
ister 1150.

The program orders A0-1C0, A0-1C1, A0-1C7,
A0-1C8, A0-1C10, AO0-1C11, AO0-1C12, A0-1C14,

'A0-1C15, A7B0, A7B3C8 and A7B3C9 enter OR

gate 1112 over conductor group 1116. FEach of these
signals enables OR gate 1112 whose output, in conjunc-.
tion with an EPOQ pulse, is effective to enable AND gate
1108 which provides a Read and Regenerate signal to
the Barrier Grid Tube Control Circuit 619.

The program signals A0-1C4, A0-1C5 and A7B3C20¢
are combined in OR gate 1113, The output of 1113 on
conductor 1117, in conjunction with the EPO pulse on
1118, enables AND -gate 1109 to generate a Read and
Change order. .

The Read and Write “1”and the Read and Write “0”
gates 1110 and 1111 are selectively energized under the-
control of program signals from the Order Translator
taken separately or in conjunction with signals indicating
the state of chosen memory cells in the Access Register
1150. The program orders A7B3C1, A7B3C3, A7B3CS5
and A7B3C14, which enter OR gate 1114 over conductor
group 1119, are individually effective to enable gate 1114
and provide an enabling signal to gate 1110. The output .
signal from 1114, in conjunction with an EPO pulse, gen-
erates a Read and Write “1” signal for the Barrier Grid
Tube Control Circuit.
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The program order A7B2 in conjunction with an indi-
-cation, over conductor group 1120, that a selected mem-
ory cell in the Access Register 1150 is in the “1” state,
enables gate 1121 which, in turn, also energizes OR gate

1114 to generate a Read and Write “1” order for the -

Barrier Grid Tube Control Circuit.

The order translator signals AS-1C2, A0-1C3, A7BI,
- ATB3C0, A7B3C2, A7B3C4, and A7B3C13 on conductor
group 1148 are individually effective to enable OR gate
1115 and its output in conjunction with an EPO pulse,
to energize the Read and Write “0” gate 1111.

The program order A7B2 on conductor.1123, in con-
junction with a signal on conductor 1146, indicating that
the selected memory cell in-the access register is in the 0

state enables AND gate 1122, ‘The output of gate:1122

also enables OR gate 2115 and as previously stated, the
-output of gate 1115, in conjunction with an EPO pulse,
enables AND gate' 1141,

Access Register

The Access Register 1150 is a large capacity general
purpose memory unit which comprises thirty-two tran-
sistor flip-flop memory cells which are divided into a
first group of eighteen cells and a second group of four-
teen cells. Information may be gated into the Access
Register from the Bus Output circuit, from the Flying
Spot Store Output Register 1868 over conductor group
1069, and from the Barrier Grid Store output circuit 616
over conductor 617 and through flip-flop 735 and con-

ductors 1130 and 1131 and, in accordance with. program :

commands, any one of the thirty-two cells may be selec-
tively set or reset. '

The Access Register accepts parallel words from both
the Bust Output circuit and Flying Spot Store Output

Register and serial words from the Barrier Grid Store -

Output ‘circuit and from the program orders. The serial
~words of the Barrier Grid Store are registered in the
-Access Register cells and read out in -parallel thereby
effecting a conversion from serial to parallel words.

Information stored in the Access Register is selectively
-gated as a parallel word to the Bus Input Circuit or as a
.serial word to the Barrier Grid Store Read-Write Control
1107 or to the Miscellaneous Memory 738.

- The Order Translator program commands A5 and

A3B3D6 through OR gate 1162 are effective to gate in-
formation from the Bus Output circuit through gate 1124
into the first eighteen memory cells and the program
commands A6 and A3B3D7 through OR. gate 1167 are
effective to gate information from the Bus Qutput ‘circuit
through gate 1125 into the last fourteen  memory cells.

Signals from the Flying Spot Store Translation Con-
trol 901 on conductors 1126 and 1127 indicating that the
Flying Spot Store is addressed to a tramslation area are
effective to gate Flying Spot Store translation words on
conductor groups 1128 and 1129, of conductor group
-1069, into the first and second groups of Access Register
memory cells. :

The ROBG and R1BG conductors 113¢ and 1131 from
-the Miscellaneous Memory 738 indicate whether the spot
interrogated by the Barrier Grid Store was in the “0” or
“1” state, respectively. A signal from the Order Mem-
ory Fig. 8, on conductor 1132 indicates that the informa-
tion read from the Barrier Grid Store is to be stored in
an -Access Register memory cell determined by the C
code of the Order Word. Therefore, the information
from the Barrier Grid Store is selectively gated into-any
one of the Access Register memory cells. - For example,
the combined presence of the RYFA signal on conductor
1132 and the ROBG signal on conductor 1130 will enable
AND gates 1133 and 1137 to provide signalsto AND gates
1134 and 1138.  Only one of the AND gates 1134 and
1138, however, will be enabled to gate the state of the
-spot interrogated by the Barrier Grid Store as these gates
are selectively enabled by the value of the C code. - The
-C code assumes the values CO through C17.to gate

10

‘15

20

25

30

35

40

45

50

-85

65

70

78

30
< Barrier Grid Store output information to one 'of the first
eighteen memory cells of the Access' Register ‘and -the
values C18 through C31 to gate information to the last
“fourteen cells of the Access Register.

The individual cells of the Access Register are also
selectively set or reset through gates 1141, 1142, ‘1143
and 1144 by a program order in conjunction with a D
code signal which defines the cell to ‘be operated upon.

Information stored in the first eighteen cells of the
Access Register may be .gated to the Bus Input circuit,
Fig. 9, through gate 1145 and conductor 1180 under the
following program commands from the Order Translator:
-A0-1C16D6, - A0-1C17D6, A0-1C18D6, = A3B3CS,
- ATB3C12D6, A7B3C17D6, and A7B3C18D6. Similarly,
information may be gated in parallel from the last four-
teen cells of the Access Register by the following com-

1

mands from the Order Translator: A0-1C16D7,
-A0-1C17D7, - A0-1C18D7, A3B3C7, A7B3CI2D7,
ATB3C17D7 and A7B3C18D7.

""The information stored in thé Access Register is also

- selectively gated through gate 1183 to the Miscellaneous
“Memory Fig. 7 over conductor group 1181 or to the
~Barrier Grid Store Read-Write Control 1107 serially
through AND gate 1161 and conductor group 1182.  The
particular cell to be read to Miscellaneous Memory or to
the Barrier Grid Store Read-Write Control is indicated
by the D or C code of the order word, respectively.

C Memory Register

The “C” Memory Register 432 comprises five transistor
flip-flop memory cells in which the C code of the Order
-Word is stored. Upon commands from the Order Trans-
lator 419 the C code of the Order Word is read into-the
C Memory Register. New information is read into the
C Memory Register only when the Flying Spot Store is
.in the order area as the input to the C Memory Register
is taken from the output of the Order Register 400,
which was previously described.

The Order translator command. A7B0-1 individually
-through OR gate 492, in conjunction with the EPO pulse,
is effective to gate the C code of the Order Word stored
in the Order Register into the C Memory Register 432
.through AND: gate 465. The output conductors of the C
Memory Register cells are connected to the C Memory
Translator 434. Both states of each bit of the C word
stored in the C Memory Register are transmitted to the
C Memory Translator. Accordingly, conductor group
433 comprises ten conductors.

C Memory Translator

The C Memory Translator 434 is identical to the C
-and D code translators 415 and 416 of the Primary Trans-
lator 411.  The operation of the C Code Translator 415
‘has been previously described and this type of trans-
lator need not be redefined at this point.

Through :conductor group 435 eighteen of the thirty-
two output conductors of the C Memory Translator, 0
through 17, are connected to the first eighteen cells of
the Access Register 1150 and output conductors, 18
through 31, are connected to the remaining fourteen
memory cells of the Access Register 1150,

Memory Registers

"The first, Second and Third Memory Registers 902,
963 and 904 individually comprise pluralities of transistor
flip-flop memory cells. These are general purpose regis-
ters for temporary storage of information obtained from
the Bus Output circuit which is to be subsequently used
in. other areas of Common Control served by the bus cir-
cuit. The gating of information to and from these regis-
ters is under command of program orders from the Order
Translator. The input AND gates 905, 906 and 907 are
.each enabled by Order Translator commands, the ‘EPQ
pulse and signals’ from the Bus Output circuit. “The
Order Translator .commands A3B3D8; A3B3D10 and
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A3B3D11 in conjunction with the EPQ pulse are effective
to gate information from the Bus to the First, Second
and Third Memory Registers, respectively.

Information is gated from the Memory Registers to
the Bus Input circuit under the cornrnand of a plurality
of Order Translator signals.

The Order Translator signals

A0-1C16D8, A0-
1C17D8, A0-1C18DS, :

A3B3CS,

A7TB3C12DS8,.

A7B3C17D8 and A7B3C18D8 are each efféctive. to gate

information from the First Memory Register through
AND gate 911 to the Bus Input circuit. These Order
Translator signals are combined in OR gate 908. .

The Order Translator signals A0-1C16D10, -AQ-
1C17D10, A0-1C18D10, A3B3CiG, A7B3Ci12D10,
A7B3C17D10 and A7B3C18D10 are individually ef-
fective to gate information from.the Second Memory
Register through AND gate 912 to the Bus Input cir-

~cuit, - These Order Translator signals are combmed in
OR gate 909.

The Order Translator signals A0~1016D11 A0~
1C17D11, - A0-1C18D11, A3B3Cli, A7B3C12DII,
A7B3C17D11 and A7B3C18D11 are individually effec-
tive to gate information from the Third Memory Regis-

- ter through AND gate 913 to the Bus Input circuit. The

Order Translator signals. over conductor group 914
are combined in OR gate 910.

The Flying Spot Store Address Control

The Flying Spot Store Address Control 500 is primarily
a gating circuit through which the proper Flying Spot
Store address is entered into the Horizontal and Vertical
Address Registers 1039 and 1040 which are internal to
the Flying Spot Store. The operation of the Flying Spot
Store Address Control! cannot be. fully understood -with-
out touching upon a few of the complexities occasioned
by time division operation of the Common Control equip-
ment.

The program stored in Common Control is calculated
to ensure adequate service to-all subscribers and trunks
served by the Common Control and does not always
progress along a simple path of advancing from one step

- to another but, rather, must often interrupt a work op-
eration such as a scanning of subscribers’ lines and trans-
fer to perform other functions for a short period of time
and then return to the original action. It may evem be
necessary to cut short the operation to which the trans-
fer was made and. transfer to a second work operation
to ensure adequate service. A transfer to a new ad-
dress in the Flying Spot Store, if indicated in the pro-
gram, is termed a “direct transfer.” Other transfers
result from Flying Spot Store program orders upon which
a decision is made, in which case they are termed “con-
ditional transfers.” On the occurrence of decision orders
the absence of a particular condition in the switching sys-
tem will cause the Flying Spot Store to advance, and
the presence of that particular condition will effect a
transfer to a new. Flying Spot Store address.

The Flying Spot Store Address Register 501, the Flying
Spot Store Return Address Register 502, the Flying
Spot Store Add 1 Control 503 and the First and Second
Transfer Registers 914 and 915 are all necessary to the
operation of the Flying Spot Store Address Control 500
and will be considered at this time.

The Flying Spot Store Address Register 501 maintains
a record for the Common Conirol of the current address
registered in the Horizontal and Vertical Input Registers
1039 and 1040. The Flying Spot Store Address Register
501 comprises a plurality of transistor flip-flop memory
cells. which are divided into two groups, X0 through
X6 and YO through Y6. The input conductors of both
groups of cells are connected in parallel with the input
conductors to the Horizontal and Vertical Input Registers
1039 and 1040.. Therefore whenever a new address is
gated to the Flying Spot Store; it is also gated to the Fly-
ing Spot Store Address Register. S01.
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- One address input to the Flying Spot Store Address
Register 501 is over conductor group 521 which com-
prises twenty-eight conductors, These conductors con-
vey a seven-bit Y address YO through Y6 and a seven-
bit X address X0 through X6. A second input to the
Flying Spot Store Address Register 501 is over conductor
group 522 which comprises fourteen conductors and con-
veys an X address. This latter conductor group con-
nects the Add 1 Control 583 to the X cells of the Address
Register 501.

The Return Address Register 502 comprises fourteen
transistor flip-flop memory cells divided into two groups,
YO through Y6 and X0 through X6. On the occurrence
of a transfer of the Flying Spot Store, as opposed to
an advance, a record is maintained in the Return Ad-
dress Register of the address to which the Flying Spot
Store may be returned after the action at the transfer
address has been completed. In the case of a conditional
transfer, the Flying Spot Store will return to the address
which is current in the Flying Spot Store Address Regis-

“ter at the time of the transfer; therefore, both the X and

Y portions of the address in the Address Register 501
are gated to the Return Address Register 502 over con-
ductor groups 524 and 525. The X and Y portions of
the address are gated through AND gates 526 and 527,
respectively, which are enabled upon the occurrence of

2 conditional transfer CTR pulse.

In the case of a direct transfer, the Flying Spot Store
may return, after acting upon the transfer, to a point
having the same Y address as that in the Flying Spot
Store Address Register at the time of the transfer and
to an X address 1 larger than the X address in the Flying
Spot Store Address Register at the time of the transfer.

The Add 1 Control 503 accepts address information
from the Flying Spot Store Address Register 501 over
conductor group 504 which conveys only the X portion
of the address. Under program orders from the Order
Translator over 523, the Add 1 Control 503 will incre-
ment the address received over conductor group 504
and pass the increased X address to the Return Address -
Register 502 or to the Flying Spot Store Address Register
501 over conductor groups 527 and S$22 respectively.
The action with the Add 1 Control is synchronized by
the EPO pulse over conductor 505. Upon the occurrence
of a direct transfer, the incremented X address is gated
to the Return Address Register over conductor group 527
and, in an advance, the incremented address is transmit-
ted to the Flying Spot Store Address Register 501 over
conductor group 522.

The First and Second Transfer Registers 914 and 915,
respectively, each comprises a plurality of transistor flip-
flop memory cells.. These registers are employed to store
the address to which the Flying Spot Store is to transfer
upon the presence of the condition required for transfer
under a decision order. Both the First and Second Trans-
fer Registers receive their basic address information from
the Bus Output over conductor groups 928 and 921,
respectively. These addresses are gated into their re-
spective registers through AND gates 922 and 923 under
program orders from the Order Translator on conductor

-groups 924 and 925.

The First Transfer Register has an Add 1 Control 926
associated with it so that the Y address stored in the
First Register may be incremented by 1 upon program

‘orders. received over translator conductor group- 927.

The Second Transfer Register does not have provisions
for increasing the addresses therein.

As previously indicated, the Flying Spot Store Address
Control 500 is a gating network which is effective to
direct the proper address to the Horizontal and Vertical
Address Registers 1039 and 1040. = Addresses to be gated
through the Flying Spot Store Address Control at various
times are received from the Bus Oufput circuit over con-
ductor group 529, from the Return Address Register 502

over conductor group 530, from the First Transfer Regis-
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ter 914 over conductor group 928, and from the Second
Transfer Register over conductor group $29. Signals to
select the proper address to be gated through the Flying
Spot Store Address Contro! are received from the Order
Translator over conductor 531, from the Order Memory
over 532, from the Flying Spot Store Translator Control
over 533, in synchronism with the CTR pulse over 534
or the EPO pulse over 535.

Flying Spot Store Translation Control

The Flying Spot Store Translation Control is employed
when the Common Control is obtaining translation data
from the Flying Spot Store. It ensures that the Flying
Spot Store output words are entered in the proper Regis-
ter in Common Control, causes the information in the
Return Address Register to be gated into the Flying Spot
Store -Horizontal and Vertical Input Registers 1639 and
1040, and aids in the generation of EPQ and CTR pulses.

When the Flying Spot Store is addressed to an order
area, a signal from the Flying Spot Store Translation
Control 901 to the Order Register 400 over conductor
484 is effective to gate the Order Word into thé Order
Register. When the Flying Spot Store output informa-
tion results from the interrogation of a translation area,
the Flying Spot Store Translation Control 961 directs
the eighteen bit translation word into desired locations
in the Access Register 1156 by means of signals on con-
ductors 1126 and 1127. .

A transfer of the Flying Spot Store to a translation
area is always done on a direct transfer and not on a
conditional transfer. The fact that the Flying Spot Store
is to be directed to a translation area is indicated to the
Flying Spot Store Translation Control first by a non-
decision order which sets a memory cell in the Transla-
tion Control to indicate that a direct transfer is to be
made, followed by the simultaneous occurrence of a
direct transfer order and an EPO pulse. This sequence
of orders sets a TRL1 memory cell in the Flying Spot
Store Translation Control 901.

There are three memory cells within the Flying Spot
Store Translation Control, namely, TRLO, TRL1, and
TRL2. The TRLO memory cell is set upon the occur-
rence of the first above-mentioned order indicating that
a direct transfer is to be made. The remaining memory
cells, TRL1 and TRL2 are employed in a chain or
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sequence circuit and the states of these memory cells in

combination indicate to Common Control whether the
Flying Spot Store has been addressed to an order or
a translation area and operations to be performed during
the time the Flying Spot Store is in the translation area.
The following is a chart showing the states of the TRL1
and TRL2 memory cells and the indications obtained
thereby. :

TRL1 | TRL2
0 0 Flying Spot Store is in an order area.
1 0 The word obtained from the Flying Spot Store
is to be entered in the first eighteen memory
cells of the Access Register 1150,
1 i A transfer is being made back to the order area.

The TRL1 and TRL2 memory cells are in a chain
circuit. If the TRLO memory cell is in the “1” state, the
simultaneous occurrence of a direct transfer order and
an EPO pulse will set the TRL1 flip-flop to its “1” state
and the order obtained from the translation area will be
gated to the first eighteen memory cells of the Access
Register through AND gate 1175 and OR gates 1165 and
1166.

Upon the occurrence of a Cycle Complete pulse from
the Flying Spot Store Program Control to the Flying
Spot Store Translation Control over conductor 1074,
the TRL2 memory cell will be set if the TRL1 memory
cell was previously in its “1” state and the TRL2 mem-
ory cell was previously in its “0” state. Upon the occur-
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rence of the first EPO pulse succeeding the Cycle Coin-
plete signal, the TRLO, TRL1 and TRL2 memory cells
will be reset and the Flying Spot Store returns to the
order area at the Flying Spot Store address obtained from
the Return Address Register.

Flying Spot Store Control

The Flying Spot Store Control 949 provides transfer
and advance commands to the Flying Spot Store Program
Control Circuit 1067 over conductor group 1077 and,
by a signal over 938, inhibits the generation of CTR
and EPO pulses during the time that the Flying Spot Store
beam is being repositioned during a transfer. The Fly-
ing Spot Store Control comprises a pluralify of AND
gates which are selectively energized by information from
the Order Translator over conductor group 949, from
the Flying Spot Store Tranmslation Control 901 over
conductor group 919 and the EPQ conductor 917 or the
CTR conductor 918. The output signals of these gates
are the transfer and advance signals to the Flying Spot
Store Program Control 1067 over conductor group 1077.

A transistor flip-flop memory cell in the Flying Spot
Store Control is in the set state during the time that a
transfer is being accomplished within the Flying Spot
Store and in the reset state after the transfer is finished.
The conductor 938 connected to this flip-flop is de-ener-
gized when the flip-flop is in the set condition. As will
be seen later, the conductor 938 must be active to effect
generation of an EP0 or CTR pulse. .

Two-way trunks

The two-way trunks such as 314 and 315 are trans-
mission and signaling links between the switching net-
work of our invention and an operator or a distant office.
The trunk transmission path is a balanced line which
terminates on the A or B side of the Distribution Net-
work as do trunks from the subscriber line concen-
trator networks. Each trunk circuit has a scanning
point, such as is found in the subscriber’s line circuit, .
and the supervisory state of the distant operator or sub-
scriber is reflected in the potential found at this point.
Consequently, the line and trunk scanner 201 may be
addressed to interrogate the scanning points of the two-
way trunks such as 314 and 315 to detect the supervisory
state of the distant operator or subscriber.

Signaling from the switching network of the appli-

“cant’s invention to the distant office or operator is accom-

plished by selective energization of trunk signaling con-
ductors such as 322 and 323. When the “0” conductor
322 is energized, an on-hook or open loop condition is

_transmitted by trunk 314 to the distant office over line 324.

When the “1” conductor 323 is energized, an off-hook
or closed loop condition is transmitted to the distant
office over line 324. Signaling between the two-way
trunk circuit such as 314 or 315 and the distant operator
or office over transmission line 324 is on a loop basis
and signaling from the Trunk Signal Selector 506 in the
Common’ Control to the two-way trunk is on an E and
M basis.

Trunk Signal Selector

The two-way trunks represented by 314 and 315 are
selectively enabled and outpulsed under control of the
Trunk Signal Selector 566. Input signals comprising
trunk equipment numbers and supervisory states to be
assumed by the chosen trunk enmter the Trunk Signal
Selectoi over conductor group 507.

The Trunk Signal Selector Register 508 comprises
ten transistor flip-flop memory cells. - Addresses are gated
into this Register from the Bus output through AND
gate 509 which is enabled by the program order
A3B3D23 over 510 and an EPO pulse on conductor 511.
. The information gated from the bus is a ten-bit binary
word which indicates the equipment number of the trunk
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_to be employed and the supervisory state to be assumed
by the trunk of that address.

. Trunk Signal Selector 506 under. control of the bmary
mput word on 567 from the Trunk Signal Selector Regls-
ter 508 selectxvely marks one conductor out of N pan's
of conductors in conductor group 514 wherein one pair
of conductors is associated with each trunk in the system.
A signal on one conductor of each pair is effective to

- give an on-hook supervisory signal to the distant office
or operator and activation of the other conductor of the
pair is effective to give an off-hook superv1sory signal to
the distant operator or .office.

- The ten-bit code on conductor group 507 is processed
in the Trunk Signal Selector Translator 551 to provide
‘one out of thirty-two X addresses and one out of thirty-
two Y addresses on conductor groups 552 and 553, re-
spectively. These X and Y addresses are gated through
X and Y gates 554 and 555, respectively, upon the occur-
rence of an enabling signal on conductor 512 from en-
abling gate 513. The enabling gate 513 is itself enabled
upon the occurrence. of an EPO pulse and the A3B3D23
~order from the Order Translator. The X and Y codes
enter the diode matrix 556 wherein these codes are
effective to mark one out of 1024 conductors which com-

-prise 512 pairs of conductors. Therefore, the ten-bit
binary code on conductor group 507 selectively marks
-one conductor from one of 512 pairs of conductors. The
output conductors of diode mairix 556 are connected in
pairs to memory cells such as 557 and 558 wherein the
state to be assumed by a particular trunk is stored.

Concentrator Control Register

. _The Concentrator Control Register 516 comprises six
~transistor flip-flop memory cells which are selectively en-
ergized through AND gate 517 to provide control signals
"'to the Concentrator Sequence Control 202 over conductor
" group 537. As previously indicated in the discussion of
the Concentrator, there are five discrete orders. from
_Common Control to the Concentrator Sequence Control.
*These orders are “Connect a subscriber’s line to an idle
_concentrator trunk terminated on-the A side of the dis-
tribution network”; “Connect a subscriber’s line to an
"idle concentrator trunk terminated on the B side of the
_distribution network”; “Release the concentrator trunk
which is separately identified”; “Override the busy indi-

.to the Distribution Network .Sequence Control.

-36
comprises a plurality of transistor flip-flop memory cells
which store commands to the Distribution Network Se-
quence Control 302. As previously indicated, there are
three possible action commands plus the Reset command
These

" are “Connect,” “Release A,” and “Release B” commands
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dicated”; “Perform a trace operation in the concentrator.”
" The input signals to selectively set the flip-flops in the
Concentrator Control Register 516 are gated from the
Bus Output circuit through AND gate 517. The program
order A3B3D24 received over the tramslator conductor
518 in conjunction with the EPC pulse on conductor 519
' gates information from the Bus Output.into the Concen-
trator Control Register 516 over conductor group 529.

In addition to the above-recited action commands to
the Concentrator Sequence Control 202, there is a reset
command over conducter group 537 whlch recycles the
Concentrator Sequence Control.

In return for the orders to-the Concentrator transmitted

‘over 537, the Concentrator Sequence Control 202 trans--

mits a check signal to the Concentrator Control Register
516 over conductor 536 to indicate that a command has
-been received and acted unpon. Conductor group 437
from the Concentrator Control Register 516 to the Con-
_centrator Sequence Control comprises six conductors,
namely, Reset, Trace, Connect A, Connect B, Release
Concentrator and Override Busy. The check signal trans-
mitted from the Sequence Control 202 to the Concentra-
tor Control Register 516 over conductor 536 is effective
to reset all of the ﬂxp-ﬂops in the Concentrator Control
‘Register.

Distribution Network Control Regzster

: _The Distribution Network Control Reglster 538 is sirﬁi—
-lar-to the- Concentrator - Control: Register 516 in that it
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- trunk which has ‘been acted upon. - T
.are selectively gated to the Bus Input circuit. through

which are orders to the Distribution Network Sequence
Control to respectively effect a connection through the
Distribution Network between the trunk terminals marked
on the A and B sides of the network, release the.connec-
tion to the marked trunk on the A side of the Distribu-
tion Network, and release the connection to the marked
trunk on the B side of the Distribution Network. The
Reset signal from Common Control resets the Network
Response memory cells within the Distribution Network
Sequence Control.

A check signal indicating that the Network Sequence
Control has received a new command is transmitted to
the Network Control Register 538 over conductor 321.
Only the “1” state conductors of the Distribution Net-
work Control Register Memory cells are connected to
the Distribution Network Sequence Control. The check
signal resets the Distribution’ Network Control Register
memory cells and therefore removes the command sig-
nals to the Distribution Network Sequence Control.

Trunk Selector Register

The Distribution Network Trunk Selector A Register
539 and the Distribution Network Trunk Selector B Reg-
ister 540 each comprises a plurality of transistor flip-flop

"memory cells in which network trunk addresses for the

A and B sides of the network are stored. Information
is gated from the Bus Output circuit to these Registers
through AND gates 541 and 542 under program orders
from the Order Tramslator over conductors 543 and 544,
respectively. Addresses are gated from the Bus Output
circuit over conductor groups 545 and 546 in synchronism
with EPQ pulses on conductors 547 and 548.

The output conductors of the Trunk Selector Registers
539 and 549 are connected to the Distribution Network A
Selector 303 and the Distribution Network B Selector
306. The information on conductor groups 549 and 550

“from the Trunk Selector Registers to the Trunk Selectors

is sufficient to identify one out of N trunks on the A or B
side of the Distribution Network.

Concentrator Release Selector Register
The Concentrator Release Selector Register 429 and

_the Line Selector Register 436 are both similar to the

Distribution Network Trunk Selector Registers 539 and
540. Each of the Registers 429 and 436 comprises a

_plurality of transistor flip-flop memory cells which store

addresses of trunks and lines appearing on the various
line and ringing concentrator networks.

Addresses are gated from a Bus Output to the Line Se-
lector Register 436 and to the Comncentrator Release Se-
lector Register 429 over conductor groups 437 and 438,
respectively, through AND gates 439 and 440. Gating
of addresses is under program orders from the Order
Translator on conductors 441 and 442 in synchronism
with the EPO puilse on conductors 443 and 444.

The binary address stored in the Release. Selector

'Regrlster 429 is connected to the Concentrator Release
_Selector 210 over conductor group 445 and the word

stored in the Line Selector Register 436 is connected to
the Concentrator Line Selector 211 over conductor group

446,

Identifier Gates

The output signals from the Concentrator Trunk Iden-
tifier 209, the Distribution Network A Trunk Identifier
304, and the Distribution Network B Trunk Identifier
305 are binary words indicating the particular line or
- These output signals

AND gates 448, 449 and 459, respectively. - Program
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orders from the Order Translator selectively enable these
gates. The Order Translator signals A3B3C29, A3B3C30
and A3B3C31, respectively, enable AND gates 448, 449
and 450.

Network Response Gates

The Response Gates 453 and 454 are similar to each
other and to the previcusly described Identifier Gates.
As indicated in the discussion of the Concenirator and
Distribution Networks, three replies are possible from
the Networks to Common Control after a command has
been sent to one of the Networks. These replies are
“Busy,” “Operation Successful” and “Operation Ended.”
These signals are transmitted from the Concentrator
Sequence Control 292 to the Concentrator Network
Response Gate 453 over conductor group 455 and from
the Distribution Network Sequence Control 382 to the
Distribution Network Response Gate 454 over conductor
group 456. These signals are transmitted in two-rail
logic and conductor groups 455 and 456 each comprises
six conductors.

The network responses are selectively gated to the
Miscellaneous Memory under program orders from the
Order Translator. i

Order Memory

The Order Memory 809 maintains a record of and
indicates to Common Control the action in process within
the Common Control. Input signals to the Order Mem-
ory comprise signals from the Order Translator and
operation within is in synchronism with the EPO pulse
over conductor §74. A summary of the various condi-
tions stored in the Order Memory flip-flops is as follows:

(@) An indication whether or not the Barrier Grid
Store is being read is maintained in the RBG flip-flop 801.

(b)Y An indication that when the Barrier Grid Store
is being read, the state of the addressed storage area
should be stored in the Access Register is maintained in
the RYFA cell 802.

(¢) A record of scanner use is maintained in the RS
flip-flop 803.

(d) An indication that memory cells in various areas
of Common Control are being read is maintained in the
RFF cell 804.

(e)An indication that information in one of the Reg-
isters in Common Control is being matched against the
information in the Memory and Match Register is main-
tained in the MFG cell 805.

(f) On decision orders, an indication as to the con-
dition under which a transfer will be made is maintained
in flip-flops 808, 809, 810 and 811, and

(g) The state of flip-flops 812 and 813 indicates which
transfer register will be employed.

Each of the memory. cells 891 through 813 has been
given an identifying label which roughly describes its
function and, for convenience, this functional label fol-
lowered by a “0” or a “1” when applied to the éell out-
put conductors indicates the state of that particular
memory cell. For example, flip-flop 801, which indi-
cates whether or not the Barrier Giid Store is being
read is labeled RBG, Read Barrier Grid. Its output
conductors are labéled RBGO and RBG1 which indicate
the Barrier Grid Stcre is not being read and the Bar-
riér Grid Store is being read, respectively. The setting
of each of the memory célls in the Order Memory can
best be defined in terms of Boolean expressions. These
cells are reset whenever the conditions for setting are
not met and whenever a CTR pulse appears.

Read Barrier Grid—RBG:

EPO(AC-1C04-AC-1C14AG-1C24+A0-1C3 4 A0-1C4
4+A0-1C5+A0-1C7+AD-1C8+AQ-1C10-+A0-1C11
+A0-1C124:A0-1C144-A0-1C15+A7B0-1)=RBG1

Read BGS and Store Result in Access Register—RYTFA:
EP0-A7B0-1==RYFA1
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Read Scanner-—RS:
EPO(A0-1C94-A0-1C10-+A0-1C114-A0-1C12) =RS1
Read Flip-Flops in Common Control—RFF:
EPO(A0-1C6--A0-1C13) =RFF1
Matching Flip-Flop Groups—MFG:
EP0(A0-1C16+A0-1C174A0-1C18) =MFG1
Transfer if a “0” is Read—T0:

BP0 AQ(CO+C14-C24-C34-C44-C5-+-C6
+C74-C84-C94+C134-C14-4-C15) =T01

Transfer if “1”—T1:

EPQ- A1(C0+C1+4C2--C34-C4-4-C5--C6 o
+C74-C8+C9+C13+C14+C15) =T11

Transfer if No Match—TO0M:
EP0-AQ(C104-C114-C12+-C164C17C18) =TOM1

Transfer if Match—TIM:
EP{-A1(C10-+-C114-C124+C16--C17--C18)=TIM1

Transfer to the Address in the First Transfer Register-——
TRI1:
EP0-AG-1B0-1=TR11

" Transfer to the Address in Second Transfer Registéf—
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TR2:
EP0-A0-1B2=TR21
As will be seen in the detailed discussion of the

progress of a call through our system, the above indica-
tions will be advantageously employed.

Miscellaneous Memory

The Miscellaneous Memory 738 comprises four tran-
sistor flip-flop memory cells wherein the record is kept
of the state of the last line interrogated by the Scanner,
the last-read storage area in the Barrier Grid Store, and
the last-read flip-flop memory cell in any of the various
divisions of the Common Control. This information is
gathered and transmiited .to the EPO gate circuit 93¢
and to the CTR gate circuit 931 to aid in the decision
as to whether an EPO or CTR pulse is to be generated.

The Miscellaneous Memory comprises four transistor
flip-flop memory cells. The S Memory cell 737 main-
tains a record of the state of the last line interrogated
by the Line and Trunk Scanner 201. The indication
from the Scanner to Miscellaneous Memory is over con-
ductor 231 which comprises two conductors in single-bit
two-rail logic. The output of the S memoiy cell is
connected to the FPO and CTR Control Circuits 930 and
931 over conductor group 932. The “0” and “1” states
of the S flip-flop are conveyed to the EP0 and CTR gate
circuits over conductors labeled R0OS and R1S. Another
memory cell SM736 associated with the Scanner retains
a record of the state of lines interrogated by the Scan-
ner for & second cycle of the synchronizing EPO or CTR
pulse. The output of this memory cell is connected to
the input of the memory cell within the Miscellaneous
Memory which retains a record of the last-read flip-flop.

The BGR memory cell 735 is set in accordance with
the state of the last-read spot in the Barrier Grid Store.
Its output conductors are connected to the EPO and
CTR gate circuits $3¢ and 931 also over conductor group
932. The “0” and “1” cutput conductois of the BGR
flip-flop are labeled ROBG and R1BG, respectively.

The state of the BGR flip-flop is also conveyed to
the Access Register input circuitry over conductors 1130
and 1131 and these conductors are also-labeled ROBG
and R1BG.

The FFR memory cell 734 maintains a record of the
state of the last-read flipflop of the various memory
cells in Common Control. The output of this flip-flop,
as in the case of the BGR and S flip-flops, is connected
to the EPO and CTR gate circuits over conductor group
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932, The states of this flip-flop ‘are .conveyed over con-
ductors labeled ROFF and RIFF denoting the “0” and
“1” states, respectively.

Pulse sources

The clock pulse source 933 is ‘a pulse generator op-
erating at approximately 400 kilocycles. This clock
source is connected to the EPO gate circuit 93¢ and the
CTR gate circuit 931 which selectively gate the clock
pulse generated in 933 to the EPO Bus 934 or to the CTR
Bus 935.

The 10 millisecond pulse source 944 provides a 10
microsecond pulse once every 10 milliseconds. The 10
millisecond pulse source and the clock pulse generator
outputs are connected {0 AND, gate 945 which is en-
abled upon the simultaneous occurrence of these pulses.
“The 10 millisecond pulse width covers several cycles
of the clock pulse; therefore, gate 945 is enabled once
every 10 milliseconds. - The ouiput of gate 943 sets the
10 millisecond memory cell 946 to its “1” state.

The main program undeér which this system operates
is divided into basic 10 millisecond intervals and the
sefting of the 10 millisecond memory cell 946 indicates
“to Common Control that a new sequence in the main
program may be started.

The 10 millisecond memory cell 946 is reset upon the
_simultaneous occurrence of the Translator signals
A7B3C15, D8 and an EPO pulse on conductors 947,
948 and. 960, respectively. . The~ output conductors of
the 10 millisecond memory cell 946 are connected to
the set and reset terminals of the FFR memory cell 734
in Miscellaneous Memory 738.

EPO and CTR Gate Circuits

A CTR pulse is requlred in the system whenever a
+decision order is stored in the Order Register and the
conditions in Common Control require a transfer of the
Flying Spot Store as opposed to an advance.

An -EPO pulse is required on the occurrence of non-

decision orders and of decision orders not requiring a-

transfer.

Input signals Wthh in combination, selectively en-
able the CTR gate and the EP0 gate are obtained from
the Order Memory over conductor group 936, from
the Parallel Matcher Register 775 over conductor group
937, from the Flying Spot Store Translation Control
901 over conductor group 916, from the Flying Spot
Store Control over 938 and from Miscellaneous Memory
over 932. The generation of EPO and CTR pulses is
best understood from the Boolean expressions for these
gates which follow:

C-TF(T01-RBG-R1BG+T11-RBG-ROBG
"~ 4-T01-RFF-RIFF+T11-RFF-ROFF
4-T01-RS-R1S+T11-RS-ROS
+T00-T10-TOMO-TIMO-TRL10-4TRI21
) 4+T1M1-RS-RGS-RBG-R1BG
+TiM1-RS-R18:RBG-ROBG
+TIM1-MFG-FGMM-+TOMI1 - ‘MFG-FGM
' 4+TOM1-RS-R1S-RBG-RIBG
+TOM1-RS-ROS-RBG -ROBG)=EP¢

C- TF(TOI -RBG'ROBG-+T11- -RBG-RI1BG
+T01-RFF-ROFF+T11-RFF-RIFF
+T01-RS-R0OS+T11-RS-R1S
+TiM1-RS-ROS-RBG-ROBG
4-T1M1-RS-R1S-RBG-R1BG
4+TIM1-MFG-FGM+TOM1-MFG-FGMM
+TOM1-RS-R1S-RBG-ROBG

+TO0M1-RS-ROS-RBG-R1BG)=CTR

Memory and Match Register

The Memory and Match Register 743 comprises four-
teen flip-flop memory cells .which are employed in con-
junction with the Parallel-Matcher 742 or as a general
purpose memory unit.. Information is gated in parailel
‘to-the memiory cells of 743. from the Bus Output circuit
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‘of cells may be gated to the Parallel Matcher 742
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-over conductor group 744. AND -gate 745 is-enabled

by Order Translator command A3B3D12 over 746 and
the EPO pulse over 747.

Information stored in the Memory and Match Register
743 is selectively gated to the Parallel Matcher 742 over
conductor group 748 or to the Bus Imput circuit over
conductor group 749.

The memory cells in the Memory and Match Register
743 are divided into an X and a Y group, each compris-
The information in either or both groups

through AND gate 750. The choice as to whether the
X or Y or both X and Y information is gated to the
Parallel Matcher is determined by the Order Translator
code entering over conductor group 751. The Order
Translator command A0-1C16 is effective to gate the
X portion of the stored information to the Parallel

-Matcher and the Order Translator command A0-1C17

is effective to gate the Y portion of the information stored
to the Parallel Matcher. The Order Translator com-
mand A0-1C18 is effective to gate both the X and Y
portions to the Parallel Matcher. '

- Information is gated from both groups of cells in the
Memery and Match Register to the Bus Input circuit
over conductor group 749 under a plurality of orders.
The Order Translator commands A0-1C16D12, A0-.
1C17D12, AG-1C18D12, A3B3C12, A7B3C12D12, A7B-
3C17D12 and A7B3C18D12 are individually effective to
enable gate 752 and thereby gate information to the Bus
Input circuit.

Parallel Matcher

The Parallel Matcher 742 has provisions for comparing
a seven or fourteen-bit word gated from the Memory and
Match Register 743 with a word gated from the Bus Out-
put circuit over conductor group 773 and for providing
a mismatch signal to the FGM Register 775.

The Parallel Matcher is really a mismatch circuit and
in all of its operations, whether a seven or fourteen-bit
word is being compared, the full fourteen-bit word from
the Bus output circuit is present on conductor group 773.
If a seven-bit word such as the X or Y codes separately
are to be compared, only the word to be compared is
gated from the Memory and Match Register 743 to the
Parallel Matcher over conductor group 748. According-
1y, gating the X word from the Memory and Match Reg-
ister to the Parallel Matcher causes the Matcher to com-
pare X words; gating the Y codes from the Memory and
Match Register to the Parallel Matcher over conductor
group 748 causes the Matcher to operate upon the Y
word and gating of both the X and Y words from the
Memory and Match Register 743 to the Parallel Matcher
742 causes a match to be made of both the X and Y
words.

The FGM Register 775 maintains a record of the
Parallel Matcher output condition and transmits this in-

_formatjon to the EPQ and CTR gate circuits 930 and 931

over conductor group 937. This conductor group com-
prises two conductors labeled FGM and FGMM which
indicate a match and a mismatch condition, respectively.

The FGM Register is set upon the occurrence of a
mis-match and reset upon the occurrence of a CTR pulse
over conductor 781. It is also reset upon the concur-
rent appearance of an EPO pulse over conductor 755 and
an MFG pulse over conductor 756.

Ringing supply

The ringing tone source 208 comprises a plurality of
tone oscillators along with interrupting means.

There are six separate ringing tones which are em-
ployed to selectively signal the six possible parties on a
single line; These tones are interrupted to provide a
basic ringing cycle wherein the tone is on for two seconds
and off for four seconds. The tones are chopped during
the two-second on period of the ringing cycle so that
during the two-second on period the tome is actually
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on for 50 milliseconds, then off for 50 milliseconds, and
so forth. The ringing tones must be chopped as it is im-
possible for the Scanner to detect an answer during the
time the ringing tone is on. Accordingly, there are means
provided within the ringing tone source to indicate to
Common Control whether the tone is on or off. This
‘indication is transmitted as a binary signal in two-rail
logic over conductor pair 230. This information is gated
through AND gate 419 upon the occurrence of a pro-
gram order in which the D code has a decimal value 8
and upon this order the FFR flip-flop 734 is set if ring-
ing is in progress and reset if ringing is not in progress
indicating that it is permissible to scan for an answer
on a called line.

Distribution Network

The Distribution Network 301 is a six-stage, trans-
former input, end-marked transmission network compris-
ing pluralities of gas tube crosspoints, Switching net-
works of this general type are known in the prior art. In
such networks gas tubes, which are employed as the cross-
point devices of the network, are rendered selectively con-
ductive to establish transmission paths between prede-
termined input and output terminals. Such a network is
fully described in Patent 2,684,405, issued July 20, 1954,
of E. Bruce and H. M. Straube, which patent also dis-
closes supervisory and other circuits for recognition of
the condition of subscribers’ lines and trunks and for
manually acomplishing the necessary switching actions.

Another switching network - containing crosspoint de-
vices is disclosed in B. J. Bjornson and E. Bruce appli-
cation Serial No. 334,552, filed February 2, 1953, now
Patent 2,876,285, issued March 3, 1959. As therein dis-
closed, the crosspoint devices are transistors which are
connected to operate as bilateral devices. Here, also,
supervisory and other circuits are disclosed for recogni-
tion of the condition of subscribers’ lines and for manu-
ally accomplishing the necessary switching actions.

The particular switching Distribution Network ems-
ployed in one embodiment of the applicants’ invention
with its attendant control circuitry is disclosed in K. S.
Dunlap application Serial No. 672,651, filed July 18, 1957.

The Distribution Network 301, in conjunction with the
Distribution Network Sequence Control 302 and the Dis-
tribution Network A and B Selectors 303 and 306, re-
sponds to switching orders from Common Control se-
lectively to establish or release connections between pre-
determined input and output trunks on the Distribution
Network.

There are three basic commands from Common Con-
trol to the Distribution Network, namely, Connect, Re-
lease A and Release B, which are orders to effect con-
nection between predetermined input and output trunks
on the switching network, release a connection to a pre-
determined trunk on the A side of the mnetwork, and
release a connection to a predetermined trunk on the
B side of the network.

In each instance, the trunk or trunks to be acted upon
are identified by binary addresses to the A and B Se-
lectors 303 and 306 over conductor groups 549 and
550, respectively. The Selector comprises a translator
which converts an eleven-bit binary input code to a one
out of N output code where N equals the number of
trunks on one side of the Distribution Network. The
output of the translator within the Selector is connected
to the individual trunk terminals through a gas tube which
is selectively fired when a new address is read into the
Selector.

The commands indicating the action to be taken at
the marked trunk terminals are transmitted from Com-
mon Control to the Distribution Network Sequence Con-
trol 302 wherein work operations to implement the com-
mand are initiated. Responses to Common Control are
generated in the Distribution Network Sequence Con-
trol to indicate the receipt of a command and to indi-
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cate whether of not the command was successfully éxe-
cuted. - »

On a Connect order, addresses are sent from Com-
mon Control to both the A and B Selectors to indicate
the trunks to be connected and a Connect order is trans-
mitted to the Distribution Network Sequence Control.
The Distribution Network Sequence Control gates these
addresses through the Selector to mark the desired
trunks, checks whether either or both of the trunks are
busy and, if ‘one or the other is busy, transmits this in-
formation to Common Control and terminates the Con-
nect sequence and, if neither trunk is busy, effects a con-
nection between the marked trunks, recycles the Sequence
Control to await another order, and transmits Opera-
tion Successful and Operation Ended signals to the ‘Com-
mon Control.

In the case of a Release order, the A or B trunk to
be acted upon is marked by means of a new address
from Common Conirol which is gated through the A
or B Selector 303 or 306. The Release command is
transmitted from Common Control to the Distribution
Network Sequence Control over conductor .group 565
to initiate the release sequence of operations.

In the release sequence, control signals are transmit-
ted from the Sequence Control to the A or B Selectors,
as the case may be, to gate in the new address from
Common Control; to the release pulser 316 to deionize
the gas tubes in the path to which the marked trunk
is connected; to a timing circuit whose period is cal-
culated to slightly exceed the time required to effect a

‘release through the network; and to a Sequence Control

Clear circuit which recycles the Sequence Control and
prepares it for a subsequent order from Common
Control.

The commands from Common Control to the Distri-
bution Network Sequence Control over conductor group
565 are stored in memory cells within the Sequence Con-
trol. These memory cells are reset to the “0” state, in
preparation for receipt of a new signal from Common
Control, upon coinpletion of the recycle sequence within
the Distribution Network Sequence Control.

Four responses, as ate appropriaté to the situation, are
transmitted from the Distribution Network Sequence
Control to Common Control, namely, Check, Busy, Op-
etation Successful, and Operation Ended.

The Check signal indicates that one of the command
flip-flops, namely, Connect, Reléase A or Release B,
has been set to its “1” state. ‘The Busy signal indicates that
one of the trunks to which a connection was attempted
was busy. The Operation Successful signal indicates that
the commanded sequence has been undertaken within
the Network Sequence Control and that the mission ap-
parently has been successfully ¢ompleted, and the Op-
eration Ended signal indicates that a sufficient period of
time has elapsed between the receipt of a network com-
mand to ensure completion of that command.

The A and B Identifiers 304 and 305 are translating
¢ircuits which convert the one out of N code from the
network terminals to a’ binary c¢ode for transmission to
Common Control on conductor groups 325 and 328, re-
spectively. The Identifier circuits have tramsistor flip-
flop memory cells included in their output conductors to
Common Control and these are selectively set in ac-
cordance with the input signal by commands from the

-Distribution Network Sequence Control 362 over con-

ductor 326.

The Distribution Network 301 and its control and out-
put circuitry is shown in greater detail in Figs. 12, 13
and 14.

The wiring pattern for a typical Distribution Network
having 1000 trunks on the A side of the Network and
1000 trunks on the B $idé of the Network is shown in
Fig. 12.

The basic building block of this Nétwork is a gas
tube matrix switch having tén input ferminals and fen
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ouiput terminals. In Fig. 12 the blocks labeled 1200,
1209, 1210, 1219, 1220 and 1229 are examples of such
10 by 10 switches. In these switches a connection is
effected between any desired input terminal and any de-
sired output terminal by selectively marking the input
and output terminals with voltages adequate to break
down the desired gas tube crosspomt The gas tubes
employed as the crosspoints in the Distribution Network
may be of the types disclosed in M. A. Townsend Pat-
ent 2,804,565, August 27, 1957, A. D. White applica-
tion Serial No. 583,671, filed May 9, 1956, now Patent
2,926,277, issued February 23, 1960, or Mueller-Stieritz
application Serial No. 583,665, filed May 9, 1956, now
Patent 2,899,588, issued August 11, 1959, _
~ The boxes labeled “P” such as 1250 and 1259 are ac-
tive propagator circuits which overcome the fan-out loss
encountered in propagating the marking signal through
the Network. Examples of active propagator circuits are
disclosed in application Serial No. 426,338, filed April 29,
1954, of R. W. Ketchledge, now Patent 2,883,467, issued
April 21, 1959, and application Serial No. 617,060, filed
October 19, 1956, of K. S. Dunlap and J. P. Taylor, now
Patent 2,859,282, issued November 4, 1958. 1n Fig. 12,
the Network circuits to the left and right of the bisector
circuits are identical. The bisector circuits advanta-
geously are of the type disclosed in application Serial
No. 617,131, filed October 19, 1956, of G. E. Jacoby
and J. W. Rieke, now Patent 2,883,470, issued April 21,
1959. The switch groups such as 1230 and 1231 each
comprise ten of the basic 10 by 10 switches and therefore
have 100 input terminals and 100 output terminals.

_The wiring scheme adopted, in one particular embodi-
- ment employed in the applicants’ invention, between the
first, second and third stages and between the fourth,
fifth and sixth stages, is similar to the wiring pattern em-
ployed in a crossbar telephone office. For example, the
ten output conductors of a single first-stage switch such
as 1200 are connected to the ten second-stages of the
same switch group with the output terminals of the first-
stage switch connected individually to each of thé ten
second-stage switches.  For example, the zero level out-
put terminal of the first-stage switch 1200 is connected
to the zero level input terminal of the second stage switch
1210 and the ninth output terminal of switch 1200 is con-
nected to the zero level input terminal of switch 1219,
Similarly, output terminals on levels 1 through 8 of
switch 12060 are connected to the zero level input termi-
nals of the second-stage switches in switch group 9 inter-
mediate to switches 1210 and 1219. The wiring pattern
between the switches of stage 6 and stage 5 i is identical
to that between stage 1 and stage 2.

The second stage of switches comprises ten switch
groups numbered 0 through 9 as in the first stage each
‘switch group has 100 input terminals and 100 output
terminals. Accordingly, the second stage has 1000 out-
put terminals which must be connected to the 1000 input
terminals of the third-stage switches. In Fig. 12 thé ten
output terminals of switch 1219, which is switch 9 of
switch group 9, are connected to the nminth-level input
terminals in each of the switches labeled 9 in the third
stage. For. example, the ninth-level output terminal of
switch 1219 is connected to the ninth-level input terminal
of switch 1229 and the zero-level termindl of switch 1219
is connected to the ninth-level input terminal of switch
1279. The levels on switch 1219 intermediate to the zero
and ninth level are connected to the ninth-level trunks of
the third-stage switches labeled 9 in such groups interme-
‘diate to the zero and 9 switch Uroup

An identical wiring pattern is employed between the
fifth stage and the fourth stage.

To effect a connection through the Distribution Net-
work, significant marking potentials are applied to trunks
terminating on the first and sixth stages and these mark-
ing signals are propagated from the A and B sides toward
the bisectors such as 1280- and 1289. There are 1000
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-trunks on_the center sides of both the third and fourth
.crosspoint -stages: . However, in a distribution network
-having only 1000 input and 1000 output terminals, not
all 1000 terminals at the center of the network need be
5 -connected from the third to the fourth stage to ensure
-adequate service. -

.- A three-stage distribution network having 1000 input
-terminals.-and 1000 output terminals is termed a super-
_frame.: The six-stage network in Fig. 12 comprises two

10 -superframes, namely A and B. . ‘When connected to con-
centrator networks as shown in Figs. 2 and 3, such a six-
stage network. will generally adequately serve 4300 sub-

- scribers. -

In a large electronic central office as many as ten six-

15 stage networks may be conmnected together and therefore

a large distribution network may serve as many as 45,000
. customiers.

- The bisector wiring pattern adopted for this specific
embodiment of our invention provides adequate service

20 whenever "a single 1000 by 1000 terminal distribution
network is employed and permits an orderly growth to

a 10,000 by 10,000 network with a minimum amount of
rearrangement,

- The first such superframe is labeled 0 and subsequent

25 superframes “are labeled 1 through 9. Where a single
-superframe is required, 400 to 500 bisectors will be em-
ployed to-provide adequate service. The bisector wiring
pattern can best be understood by way of example.

The 1000 point network of Fig. 12 is the 0 superframe

30 .and in this arrangement the zero-level trunks of each of
the switches in switch groups 0 through 9 of the third
-stage ‘are connected through bisectors to zero-level trunks
in each of the switch groups 0 through 9 in the fourth
stage. “Therefore 100 bisectors are employed to comnect

35 zero-level trunks of the hundred third-stage switches in
switch  groups 0 through-9 to the hundred zero-level
trunks in the hundred fourth-stage switches in switch
groups O through 9. Similarly, to provide the addition-
-al 400 bisectors required for adequate- service, the sixth,

40 seventh, eighth and ninth-level trunks of each of the third-
stage switches in switch groups ¢ through 9 are connected
to the corresponding level trunks in the fourth-stage
-switches in switch groups 0 through 9.

- 'When the second superframe is added, the 1-level trunks

45 of each of the 100 third-stage switches in switch groups
0 through 9 of superframe 0 are connected to the zero-
-level trunks of the 100 fourth-stage switches in superframe
-1 and the zero-level trunks of the 100 third-stage switches
of superframe 1 are connected to the 100 first-level trunks

50 of the fourth-stage switches in superframe 0.

A unique bisector wiring pattern has been adopted to
minimize blocking through the network. As indicated,
in a fully equipped distribution network comprising ten
six-stage networks the levels of the third-stage switch

55 output terminals are connected to similarly nmumbered
superframes. In addition; the switch from which an out-
put connection is taken determines the switch group to
which that terminal will be connected and the switch
group in which that output ferminal is located determines

60 which switch of the fourth stage it will be connected to.

For example, in the zero pair of superframes of Fig. 12,
the zero-level trunk of zero switch 1220 in switch group
9 connects to the zero-level trunk of switch 9 in switch
group 0. Further, the zero-level trunk of switch 9 in

65 “switch grotip 9 of the A superframe connects to the zero-
level trunk of sw1tch 9 in switch group 9 of the B super-
frame.’

A one-line diagram of a six-stage gas tube switching
network such as is employed in the Distribution Network

70 .of 301 and the attendant control and output circuitry is
shown in Figs. 13 and 14. "The trunk terminations on the

A and B sides of the Network are balanced transmission
paths and entry is through transformers such as 1301 and
1406 which convert the balanced transmission path fo.an

75 unbalanced path for use within the Network. . The first-



2,055,165

45

stage gas tube 1303 and the second-stage gas tube 1304
afe connected through an active propagator circuit 1305
and the second-stage tube 1304 and the third-stage tube
1306 are connected through a passive propagator or link
circuit 13¢7. Similarly the sixth-stage tube 1405 is con-
nected to the fifth-stage tube 1403 through an active
propagator 1404 and the fifth-stage 1403 is connected to
the fourih-stage 1481 through a passive propagator or
link circuit 1402.

An example of a passive type propagator circuit is dis-
closed in R. W. Ketchledge application Serial No. 617,189,
filed October 19, 1956, now Patent 2,839,284, issued
November 4, 1958. The principal distinctions between
the active and passive propagators are that the active
propagator contains active elements such-as gaseous tri-
odes; in order to activate the gaseous propagator tube,
it is necessary to apply an enabling pulse. The passive
propagator circuits contain only passive e¢lements such as
resistors, capacitors, and semiconductor diodes, and do
not require the application of an enabling pulse but are
controlled sclely by the receipt of a marking pulse from
the preceding stage and they, in response to this marking
‘pulse, deliver a new marking pulse to the subsequent
stage of the network,

In the Distribution Network the marking of trunk ter-
minals with a significant potential is effective to ionize
a plurality of gas tubes between the marked terminal and
the center of the Network. In a fully equipped idle net-
work, i.e., a distribution network having six stages and
10,000 input 10,000 output trunks, a mark signal on one
trunk terminal will ionize ten tubes in the first stage,
100 tubes in the second stage and 1000 tubes in the third
stage. Although the mark current flowing in any par-
ticular tube is low, the sum of the 1110 mark currents
adds up to an appreciable amount. The active propaga-
tors such as 1305 and 1404 are inserted between the first
and second stages and between the fifth and sixth stages
to overcome the fan-out loss encountered. The active
propagator circuit is a regenerative amplifier which, when
energized by the simultaneous ionization of a first or
sixth-stage gas tube and a propagator pulse on conductor
1342 or 1428, will provide marking signals to the second
and third-stage tubes when a mark is applied to an A
side trunk or to the fifth and fourth-stage tubes in the
case of a mark on a B trunk.

Bisector circuits between the third and fourth stages
provide the final link between two marked terminals on
the A and B sides of the Distribution Network. The
bisector circuit provides two switching functions, namely,
completing a connection between a trunk on the A side
of the Network and a trunk on the B side of the Network
and releasing a connection between a trunk on the A
side of the Network and a trunk on the B side of the
Network.  In addition, indications are transmitted from
the bisector circuit to Maich and Release detector cir-
cuitry to indicate the occurrence of a connection between
an A and B trunk and the release of a connection of an
A and B trunk.

The bisector enabler 1418 is a free-running generator
which operates at approximately 16 kc. The output of
the bisector enabler is over conductors such as 1430 and
1431 which in combination are discrete to a particular
bisector circuit. Therefore, the simultaneous presence
of signals on 1430 and 1431 specifies the bisector circuit
being enabled. In Fig. 13 a mark on the A side trunk,
as supplied by the A selector 1310, will provide a signal
at the bisector on conductor 1432 and a mark on the B
trunk as supplied by the B selector 1422 will provide a
mark at the bisector on conductor 1433.

The AND gate 1407 is enabled upon the simultaneous
occurrence of marking potentials on conductors 1432
and 1433 and upon address conductors 143¢ and 1431.

The output conductor 1434 of AND gate 1407 is con-
nected to the control grid of latch gas tube 1408 and
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when conductor 1434 is energized, tube 1408 is shifted
into the conducting state. )

The release of a connection between an A and a B
trunk is effected by simultaneously marking the A or B
trunk requesting the release and pulsing the release tube
1409 over conductor 1435. Under these conditions the
release tube 1403 will jonize and steal current from latch
tube 1408 which consequently will be deionized. Sub-
sequently the release tube 14€9 is deionized by signal to
the release pulser 1413 over conductor 1436,

The completion of a transmission path through a bi-
sector circuit will be accompanied by an increase in hold
current through conductor 1437 and similarly a reléase
of a connection through a bisector circuit will be accom-
panied by a reduction in the hold current in conductor
1437. Accordingly, the Match Detector 1411 and the
Release Detector 1412 respectively recognize an increase
and a decrease in hold current.

The A Identifier 1302 and the B Identifier 1418 are
translating circuits which accept an input from one of the
1000 trunks on the A and B sides of the Distribution Net-
work, respectively, and provides an eleven-bit binary
address as an output signal. The output conductors -of
the translator portion of the Identifier are connected to
Common Control through transistor flip-flops in the A
and B Identifier gates 1308 and 1421. Pulses from the
read-out pulsers 1369 and 1417 are effective to read in-
formation from the A and B Identifiers 1302 and 1418
into the Identifier Registers 1308 and 1421, respectively.

The A and B selectors 1310 and 1416 accept an eleven-
bit binary address from Common Control over conductor
groups 1312 and 1422, respectively, and translate this
information to a one out of 1000 code to select and
mark a desired A or B trunk. The eleven-bit binaty
address sent from Common Control to one of the selector
circuits to mark a particular trunk terminal is identical
to the eleven-bit binary address which is sent from the
Distribution Network through the Identifiers to indicate
action at the same particular trunk terminal.

Addresses from Common Coatrol are applied as D.-C.
voltages to the conductors of conductor groups 1312 and
1422. The selectors comprise magnetic core circuitry
which is connected directly to the binary address conduc-
tors in groups 1312 and 1422. Gas tubes in the output
conductors of the A and B selectors 1310 and 1416 must
be selectively fired before marking potential is passed to
a trunk terminal. The selector output tubes are energized
through the action of sequential pulsing circuits 1311
and 1415, labeled “Set and Read-out Pulser.”

The Distribution Network Sequence Control labeled
302 in Fig. 3 is shown in functional form in Figs. 13 and
14. The Sequence Control circuitry included in the block
labeled 1343 accepts network order information from the
Common Control and generates answers to Common Con-
trol. As previously indicated, there are three possible
commands to the Distribution Network, namely, “Con-
nect,” “Release A” and “Release B.” These signals are
transmitted from Common Control to the memory cells
1339, 1426 and 1427, respectively, over conductors 1344,
1437 and 1438. The operation of the Network Sequence
Control can best be understood by the steps involved in
implementing each of the above network commands.

A “Connect” command from Common Control over
conductor 1344 sets the connect flip-flop 1339 to its “1”
state to provide a signal on the Connect Bus 1345. The
end product of a “Connect” signal is the enabling of a
bisector circuit to selectively provide a transmission path
between a predetermineéd trunk on the A side of the net-
work and a predetermined trunk on the B side of the
network. .

It might be well at this point to note that within the
Sequence Control circuit A.-C. effects are employed . to -
accomplish certain results while D.-C. signals are em-
ployed in other parts of the Sequence circuit. As a mat-
ter of convenience, a capacitor has been included in any
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conductor which is connected to a device which responds
to an A.-C. signal. This is merely a schematic repre-
sentation of the circuitry and in the-actual circuit an
A.-C. amplifier or other D.-C. decoupling arrangements
may be employed. :

The first operation in the connect sequence is the read-
ing of the A and B addresses on conductor groups 1312
and 1422 into the A and B Selectors 1310 and 1416,
respectively, and tc energize the gas tube in the particular
A and B trunks to be marked. A pulse on the Connect
Bus 1345 is connected to the start terminal of the “Set

and Read-out” pulser 1311 through capacitor 1346 and’

OR gate 1317. Similarly, a pulse is transmitted to the
start terminal of the “Set and Read-out” pulser 1415
through capacitor 1439 and OR gate 1419. :

A pulse on the start lead of “Set and Read-out” pulsers
1311 and 1415 initiates operation of: sequence circuits
which first resets the cores in the Selector translator at a
slow rate. Resetting of the cores at a slow rate does not
fire the output gas tubes to pass a marking potential from
the Selector to the Distribution Network. A short period
.of time after the cores in the translator have been reset,
a set pulse from the Set and Read-out Pulser sets- the
cores in the Selector translator in accordance with the
code found on the input conductors of groups 1312 and
1422. Subsequent fast Read-out of the cores ionizes the
gas tubes in the particular conductors discrete to the A
and B trunks to be marked. Therefore a pulse on the
start terminal of a Set and Read-out pulser such as 1311
and 1415 resets all cores in the Selector translator to O,
_sets these cores in accordance with the code on the address
conductors from Common Confrol and a subsequent
Read-out pulse ionizes the output gas tubes in accordance
with the address codes and places a significant marking
potential on the trunk terminals represenied by those
. codes. - S

A pulse from the output of the Connect flip-flop 1339
on Connect Bus 1345 is also one of two possible input
signals to the set terminal of the Busy Check Delay cir-
cuit 1322 which is a monostable flip-flop circuit.. A set
signal to the Busy Check Delay circuit 1322 energizes the
*1” state output terminal of this circuit and deenergizes
the “0” state output terminals. This circuit restores to
its reset or “0” state 250 microseconds after the set pulse
has been removed. The 250 microsecond period is ade-
quate to ensure the completion of a busy test. When the
Busy Check Delay fiip-flop is in its “1” state, the Busy
gate 1321 is enabled over conductor 1347 and if a signal
is obtained from the Match Detector 1411 over conductor
-1440, the Busy flip-flop 1338 will be set to its “1” state.

A match condition will be detected by -the Match De-
tector 1411 by an increase in the hold current in condue-
tor 1437 if a busy A or B trunk is marked or-if a con-
nection is effecied between an A trunk and a B trunk.

If a busy trunk is marked, the Match Detector will recog-.

nize this condition and -transmit a-signal over conductor
1440 to the Busy gate 1321. If the match condition
occurs within the first 250 microseconds after the occur-
rence of the pulse on the Connect Bus, the Busy Check
Delay circuit will be in its “1” state and the Busy gate
1321 will be fully enabled and the Busy flip-flop 1338
will be set to its “1” state. If the match is detected
more than 250 microseconds after the occurrence of the
input- signal to the Busy Check Delay circuit, this. cir-
_cuit will have restored to its “0” state to inhibit the
Busy gate 1321 and to enable the Operation Successful
gate 1320. The simultaneous occurrence of an output
signal from the Match Detector on 1440 and a signal on
1348 indicating that the Busy Check Delay circuit is in
its “0” state will enable the Operation Successful - gate
1320 and consequently set-the Operation Successful flip-
- flop 1337. ) : )

.. ‘Also when thé Busy Check Delay flip-flop restores
to its “0” state, a pulse will be sent to the bisector en-
“abler gate 1323 over conductor 1349. . If the Busy flip-
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‘flop has remained. in its “0” state, an enabling signal for
the bisector enabler gate -1323 will be present on con-
ductor 1351 and a start signal will be transmitted to the
bisector enabler 1410 over conductor 1352. As pre-
viously stated, the bisector enabler is a free-running step-
ping circuit which sequentially pulses the AND gates
such as 1407 of the bisector circuits and upon finding an
idle bisector having marked terminals entering from both
the A and B sides of the network will effect firing of the
bisector latch tube to effect a connection between a pre-
determined particular A trunk terminal and a predeter-
mined B trunk terminal. If a connection is established
between an A trunk -terminal and a B trunk terminal,
the increase in hold current in conductor 1437 will be
recognized by the Match Detector 1411 and a signal
will be. transmitted to the Operation Successful gate 1320
over conductor 1448. After a sufficient time has passed
for the performance of a busy check, the Busy Check
Delay circuit 1322 will return to its “0” state and the
OPS gate will be enabled by a signal over conductor
1348. Consequently, a signal will be transmitted over
conductor 1353 to set the Operation Successful flip-flop
to indicate to Common Control that the command has
been successfully acted upon.

Having completed the performance of a Connect order,
the Distribution Network Sequence Control is cleared in
preparation for receipt of a subsequent order. A clear
sequence is originated by any of several ways including
the simultaneous occurrence of signals on Connect Bus
1345 and conductor 144¢ indicating that the Connect
flip-flop is in its “1” state and that the Match Detector
1411 has found either a busy condition or that a con-
nection has been effected through the network. Signals
on Bus 1345 and conductor 1440 will enable AND

‘gate 1327 and OR gate 1328 to generate a pulse on

RS1 Bus 1354, .

The RS1 pulse on conductor 1354 is transmitted to the
bisector enabler 1419 to stop its scanning of bisectors
and to the Set and Read-out pulses 1311 and 1415 to
remove the voltages from the ionized output tubes in
the A and B Selectors 1319 and 1416, The marking
potential is therefore removed from the previously se-
lected A and B trunk terminals. The RS1 pulse is also
transmitted to the propagator pulsers 1414 to remove
the voltages from the ionized output gas tubes to halt
propagator pulser output signals. The RS1 pulse is also
transmitted to the 250 microsecond delay circuit 1423.
The operation of the delay circuit 1423 is such that an
RS2 pulse is generated on Bus 1441 250 microseconds
after the receipt of an input RS1 pulse. The RS2 pulse
is transmitted to a 50-microsecond delay circuit 1424,
to the Set and Read-out pulsers 1311 and 1415, to the
propagator pulsers 1414 and to the Release pulsers 1413.
The RS2 signal to the Set and Read-out pulsers and the
propagator pulsers restores the voltage to the cutput gas
tubes of these circuits in preparation for a subsequent
order. The RS2 signal to the Release pulser over the
conductor 1436 removes the voltage from the Release
tube 1409 and effects deionization thereof.

The output of the 50-microsecond delay circuit 1424
is passed to the Identifier Read-out pulsers 1302 and
1418 to transmit the information in the A and B Identi-
fier cores to the A and B Identifier Registers 1308 and
1421, respectively, and to generate an input signal to
the Operation' Ended flip-flop 1340. The RS3 pulse ap-
pears on conductor 1442 as an enabling signal to the
Connect and Release AND gates 1331 and 1332. These
gates are selectively enabled upon simultanecus occur-
rence of a pulse on conductor 1442 and a pulse on Bus
In the case of a Connect
order, the Connect AND gate 1331 is enabled and its
output signal is transmitted through a 10-microsecond
delay circuit 1333. In the case of a Release order, the
Release AND gate 1332 is enabled and its output is trans-
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mitted through the 15-m11hsecond delay c1rcu1t 1334,
The output conductors of the delay circuits 1333 and
1334 are connected through OR gate 1335 to the set con-
ductor of the Operation Ended flip-flop 1340 and sig-
nals from these delay circuits are individually effective
to set the flip-flop 1340. In the case of a circuit release,
the delay in setting the Operation Ended flip-flop 1340 is
much greater than in the case ¢f a Connect order as the
time required to deionize the Release gas tube such as
1409 is much greater than the time required to establish
a connection through the network.

In summary, upon the receipt of a Connect order
from Common Control, as indicated by the setting of
the Connect flip-flop 1339 to its “1” state, the Distribu-
tion Network- Sequence Control will mark trunks on the
A and B sides of the Distribution Network in accordance
with addresses from Common Control on conductor
groups 1312 and 1422; will test the marked terminals
for a busy condition and, if either terminal is busy, will
set. the Busy flip-flop 1338 to provide an indication to
Common Confrol; will start the bisector enabler 1410
to scan bisectors and will establish a connection between
the marked trunks if neither trunk is busy and an idle
bisector is available; if the command is successfully ex-
ecuted, will set the Operation Successful flip-flop 1337
and, regardliess of the success of the operation, will set
the Operation Ended flip-flop 1340 to indicate to Com-
mon Control that sufficient time has elapsed to complete
the received orders; and will initiate a clear cycle within
the Network Control to remove marking potentials from
the previously selected A and B trunks and to halt the
action of the propagator pulsers and bisector enabler.

The Release A and Release B signals each promotes
similar action within the Distribution Network Sequence
Control and are initiated by signals from Common Con-
trol over conductors 1437 and 1438 to set the Release
A and Release B flip-flops 1426 and 1427, respectively.
Only the operation with regard to a Release command
will be discussed at this point.
. A signal from Common Control on conductor 1437

will set the Release A flip-flop 1426 to its “1” state and
will provide an oufput signal on conductor 1444, A
Release A command is executed by selectively marking
an A trunk terminal in accordance with an address re-
ceived from Common Control over conductor group
1312 and by starting the Release pulser 1413. The com-
bined marking of a trunk terminal ‘and the action of the
Release pulser 1413 will cause the Release tube 1409
to ionize. Ionization of Release tube 1409 will draw
current away from latch tube 1408 and will effect deioni-
zation thereof. Subsequently, hold potentials are re-
moved from the Release tube 1409 and the connection
through the network is extinguished.

An output signal from the Release A flip-flop 1426
on conductor 1444 will be passed to the Set and Read-
out pulser 1311 through gate 1317 to clear the prior ad-
dress in the A Selector and to read the address of the
trunk into the Selector. The output signal of flip-flop
1426 is also passed to the Release Bus 1443 through the
Release gate 1425; a pulse on Release Bus 1443 starts
the Release pulser 1413 by a signal on the start con-
ductor 1446; energizes the Identifier Read-out pulsers
1309 and 1417; sets the Release time-out pulser 1330;
and enables Release gate 1332.

The start signal to the Release pulser 1413 and a
mark on the trunk to be released effect iomization of
the Release gas tube 1409 to extinguish latch tube 1408.
Simultaneously the Release time-out pulser 1330 will
start running and at the end of a period of time calcu-
lated to ensure deionization of the selected latch tube,
the Release time-out pulser 1330 will provide a signal
to the clear OR gate 1328 over conductor 1355. - This
input signal through the clear OR gate will initiate the
previously described clear cycle and, as previously stated,
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250 microseconds thefeafter the RS2 pulse will be frans-
mitted to the Release pulser to stop its action and to
thereby deionize the Releas: tube 1409.

As explained in the discussion of the Connect order,
the RS3 pulse which occurs 300 microseconds after the
RS1 pulse will, in conjunction with a signal from the
output of the Release OR gate 1425, enable Release
AND gate 1332 to activate the 1.5-millisecond delay
circuit 1334. Accordingly, 1.5-milliseconds after the
receipt of the RS3 pulse the Operation Ended flip-flop
1340 will be set.

Upon receipt of a network command from Common
Control and the setting of one of the flip-flops 1339,
1426 or 1427, a check signal will be generated for trans-
mission to-Common Control to indicate that a network
order has been received. The check signal is trans-
mitted as an output of OR gate 1335 which is enabled
whenever one. of the three command flip-flops 1339,
1426 and 1427 is in its “1” state. The check signal is
transmitted to Common Control oveér conductor 1354
and, with reference to Figs. 3 and 5, the check signal
on conductor 315 is effective to reset the flip-flops in the
Distribution Network Control Register 538 to their “0”
state. Since only the set conductors of the command
flip-flops 1339, 1426 and 1427 are connected to Com-
mon Control, the action of the check lead within Com-
mon Control is effective to remove the potentials from
the set conductors of the Command flip-fiops.

The Response flip-flops 1337, 1338 and 1340 are sub-
sequently reset to their “0” state upon the occurrence
of a Kesét s1gna1 from. Common Control on conductor
1450.

The command memory cells 1339, 1426 and 1427
are reset upon the occurrence of an Operation Ended
signal,

Concentrator Network

The Line Concentrator 203 and the Ringing Concen-
trator are both single stage end -marked -transmission
networks comprising pluralities of gas tube crosspoints.
The crosspoints may be identicdl to those employed in
the previously described Distribution Network, -as -dis-
cussed above, and may thus also be of the type set forth
in the above mentioned Townsend patent and White and
Mueller-Stieritz application.

In the Line' Concentrator, there are thirty lines con-
centrated to-ten trunks with five trunks terminating on
the A side of the Distribution Network and five trunks
terminating on the B side of the Distribution Network.
Bach line has access to three A 31de and three B side
trunks.

The Concentrator Network -as shown in Fig.- 15 has
an ‘unbalanced input transmission circuit and a balanced
output transmission circuit. The transformer of the line
circuit such-as 246 shownin Fig. 2 is-employed to con-
vert the balanced telephone line to an unbalanced trans-
mission path ‘s is employed within the concentrator.

There are five basic ¢commands from Common Control
to the Concentrator Network, namely, connect A, connect
B, trace, connect and override busy and release, which
are respectively orders to connect a marked line to an
idle trunk to the A -or B side of thé Distribution Net-
work, store the address of the trunk connected to the
marked line in the trunk identifier register, make a con-
nection to the marked line without regard for its super-
visory condition, and release the connection to the marked
trunk,

In each instance, the line or trunk -to be acted upon
is identified by .binary addresses to the line selector 1501
or to the release selector 1502. The line address com-
prises twelve bits. The first seven bits identify the par-
ticular concentrator switch and the last five bits identify
one out of thirty lines on that switch. * The trunk address
comprises eleven bits. ‘Again, the first seven bits identify
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_the particular concentrator switch and the remaining four
_ bits identify the particular trunk.

The line and release selectors each comprise a trans-
lator which converts the twelve or eleven  bit. bifiary
address to a one.out of N code. The output of the
translator, which is within the selector, is connected to
the line or trunk through a gas tube which is selectively

- fired when an address is read into the selector. Accord-
ingly, a line or. trunk is marked when the gas tube as-
signed thereto is fired.

The commands indicating the action to be taken at the
marked trunk terminals are transmitted from common
control to the Concentrator Network sequence -control
202 wherein work operations to implement the command
are initiated. Responses to common control. are -gen-
erated in the Distribution Network sequence control to
indicate the receipt of a command and to indicate whether
or mot the command was successfully executed. The
concentrator sequence confrol. is shown in considerable
detzul in Flgs 15 and 16. .

"Connect sequernce

A connect order from common confrol is preceded by
a line selector address being transmitted over conductor
group 1601. : A connect A or connect B order sets flip-
flop 1618 or 1619, respectively, to its “1” state which,
in turn, initiates the connect sequence within the con-
centrator sequence control. The setting of one of the
connect flip-flops 1618 or 1619 initiates the following
action: .

(a) Energizes the set and Read-out pulser 1625 to
clear the line selector and then set the line selector output
in accordance with the -address received on conductor
group 1601. This marks the addressed line terminal;

(b) Sets the Busy Check Delay Circuit 1626 to its “1”
statej

(c) Energizes the xdentlﬁer Read-out pulser 1503 to
clear the trunk identifier output;

(d) Energizes the time-out pulser 1627;

" . (e)- Enables AND ‘gate 1504 to pemt a Clear Se-
quence; and
" (f) Transmits a check signal to common control over
conductor 1609.

" The match and trace detector 1505 is energized when-
ever a connection exists between a marked line and
one of the trunks.” The Busy Check Delay Circuit re-
mains in its “1” state for 250 microseconds after it is

energized, at which time it returns to its ‘“0” state to

enable the operations successful AND -gate 1628 and the
connect AND gates 1629-and 1630. While the Busy
Check Delay Circuit is in its “1” state, the busy AND
gate 1631 is energized. If a marked line is busy, the
match and trace detector 1505 will be energized during
the 250 microsecond- period that the Busy Check Delay
Circuit is in its “1” state, and the output of the match
and trace detector will be transmitted through AND gate
1504, conductor 1506, and the busy AND gate 1631
to set the busy flip-flop 1624 to its “1” state. Accord-
ingly, a busy indication will be transmitted to common
control over conductor 1614.

If the marked line was not previously connected to a
trunk through the Concentrator Network, action within
the sequence control will be undertaken to connect the
marked line fo an idle trunk on the desired side of
the network. Accordingly, the -connect A or connect
B AND gate 1629 or 1630, as is appropriate, will be
" energized when the Busy Check Delay Circuit returns
to its “0” state as these gates are enabled by signals
on conductor 1632, indicating that the busy flipflop is
in its “0” state and the appropriate signal from' the
connect A or connect B flip-flop.- The output of the con-
nect: A, AND gate 1629, turns on the A frunk pulser
1507, which proceeds to -sequentiaily scan the. trunks
in the A group, and upon the occurrence of a mark on
an. idle .trunk to which the marked line has access, a
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transmission path through the network.

Upon completion of a transmission path, the match
and trace detector 1505 will provide an . output.signal
on conductor 1514 to enable AND. gate 1504. The out-
put signal from AND gate 1504 energlzes OR.gate 1509
which serves to:

(a) Turn off the A and B trunk pulsers;

(b) Reset the time-out pulser 1627; and

{c) Enable delay circuit 1510,

The trunk pulser and the time-out pulser are imme-
diately turned off upon the occurrence of a connection

1o prevent an attempt at other connections and to prevent

a time -out occurring. Other action, however, must be
slightly delayed to permit proper setting of the trunk
identifier-circuit 1511. Accordingly, the line and release
selectors  remain energized for 250 microseconds after
the trunk pulsers and the time-out pulsers are restored
to. normal,  a signal occurring at the output of delay
circuit 1510, 250 microseconds after it is energized. This
output signal serves to deionize the output tubes on the
line and release selector, and also energizes a second 250
microsecond circuit, 1512, whose output serves to restore
the voltage to the output gas tubes of the line and. release
selector.

Successful completion of a connect order is indicated

by receipt of -a match and trace detector output signal on
conductor 1506 while the Busy Check Delay Circuit 1626
is in its “0” state. Under these conditions, the operation
successful AND gate 1628 and OR gate 1633 are ener-
gized to set the operation successful flip-flop 1623 to its
“1” state.
_If all trunks fo which the marked line has access are
busy, a connection will not be completed and the time-out
pulser 1627 will reach the end of its cycle, and an output
signal will occur on conductor 1634. ~ A signal on 1634
will energize OR gate 1509 to turn off the trunk pulsers
anid the time-out pulser and to initiate the clear sequence
for the line and release selectors 1501 and 1502, and as in
the case of a clear cycle initiated by successful completion
of a connection, the 10 microsecond delay circuit 1641
will be energized when the voltages are returned to the
selector gas tibes and the operation end flip-flop 1622
will be set to its “1” state 10 microseconds thereafter.

In summary, a connect order-through the Concentrator
Network is implemented from Common Control by means
of a line address over conductor group 1601 and a con-
nect A or connect B order over conductor 1603 or 1604.
In return, the Concentrator Sequence Control transmits a
check signal to Common Control over 1609 to indicate
teceipt of @ command, transmits a busy, operation suc-
cessful or operation ended signal, as is appropriate, and
if a connection is established, provides the trunk identity
over conductor group 1616.

) Override busy
In some instances, it is desirable to-connect two trunks

" 1o the same line, for instance, in the case of an emergency
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an operator may wish to interrupt a call to deliver a mes-
sage. In these cases, the operator first attempts a con-
nection in the normal manner and upon finding the called
line in the busy condition, proceeds with simultanecus
connect and override busy. commands. Accordingly, one
of the connect flip-flops 1618 or 1619 is energized as re-
quired, and the override busy flip-flop 1617 is set to its
“1” state by a signal on conductor 1602.

The Busy Check Delay Circuit. 1626 is set to its “1”
state, the time-out pulser 1627 is turned on; and the set
and read-ocut pulser 1625 is enabled to mark the addressed
line. When the override busy flip-flop 1617 is set to its

" “1” state, gate 1635 is inhibited, and gate 1636 is enabled.

Accordmgly, on the override busy command, the connect
A or connect B signal does not pass through gate 1635
and gate 1637 to enable gate 1504. When a connection
is attempted to a busy line, 2 match indication will be
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received while the Busy Check Delay Circuit is in its “1”
state. Since a connection is to be effected regardless of
the state of the marked line, the output of the match
detector is ignored and is not allowed to pass through
gates 1564 and 1631 to the busy flip-flop 1624. Accord-
ingly, when the 250 micresecond period of the Busy
Check Delay Circuit has elapsed, the delay circuit will
return to its “0” state and as is appropriate either the con-
nect A or connect B AND gate 1629 or 1636 will be ener-
gized to turn on the appropriate trunk pulser. Also when
the Busy Check Delay Circuit 2626 returns to its “0”
state, its D.-C. output signal on conductor 1638 in con-
junction with the override busy “1” state signal on con-
ductor 1639 will enable AND gate 1636, OR gate 1637
and AND gate 15¢4. Accordingly, after the second con-
nection: has been effected and detected by the match
detector, the output signal from gate 1504 wil] initiate a
Clear Sequence to reset the line and release selectors, the
time-out pulser, and operation ended and operation suc-
cessful signals will be transmitted to Common Control.

Trace

In some instances, it is desirable to determine the iden-
tity of a trunk which is connected to a particular line.
Such an operation is known as a Trace and is implemented
by means of a line selector address on conductor group
1601 and a trace signal-on conductor 1605 which sets the
trace flip-flop 162¢ to its “1” state.

This command is similar to a connect command-in that
it energizes-the set and read-out pulser 1625 to mark the
desired line, turns on the time-out pulser 1627, and enables
AND gate 1635 and OR gate 1637 to prepare for the Clear
Sequence upon completion of the job; however, the con-
nect A or connect B AND. gates are not enabled and the
trunk pulsers will not be turned on. :

The set and read-cut pulsers selectively fire the proper
output tubes in the line selector 1581 to mark the address
line, and the identifier read-out pulser sets the trunk iden-
tifier register in accordance with the address of the trunk
connected to the marked line. The match and trace detec-
tor is energized when the busy trunk is marked and it, in
cooperation with the output signal from OR gate 1637,
enables AND gate 1504 to initiate the previously described
Clear Sequence and to cause generation-of operation suc-
cessful and -operation ended signals.

Release

Connections between lines and trunks are destroyed by
means of a release order over conductor 1606 to set the
release flip-flop to its “1” state and a trunk address to
the release selector over conductor group 1608.

When the release flip-flop 1621 reaches its “1” state, its
output signal turns on the time-out pulser, energizes the
set and read-out pulser 1642 to mark the trunk to be
released, enables AND gate 1513, and enables OR gate
1649 to transmit the check signal to Common Control.
The release selector serves to deionize the gas tube comn-
nected between the marked trunk and the line. The iden-
tity of the released trunk is read into the trunk identifier
register through the trunk identifier and the decrease in
current is noted in the match and trace detector 1505.
The output of the match and trace detector on 1514, in
conjunction with the output signal from OR gate 1637
enables AND gate 1504 to initiate the previously de-
scribed Clear Sequence and to energize AND gate 1513
and OR gate 1633 to set the operation successful flip-flop
to its “1” state.

Program orders

We have previously briefly mentioned the makeup of
the Order Word obtained from the Flying Spot Store and
at this point will delve more deeply into the detail of its
makeup and its significance to the operation of the sys-
tem. The eighteen-bit Order Word obtained from the
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Flying Spot Store {s divided in'tp four pats as -showi
below: : :

Subdivision Al B o] D |spae
Bits 3| 2| s5) 7 1
Combinations. 8 4 321 128 |umees

~The A portion of the Order Word always contains in-
struction information.. - The B and C poriions usually
contain instruction information, but when preceded by -
certain A codes, the B and C .portions are used together
to provide seven bits of address information. The D
portion of the code usually contains address information.

As previously indicated program orders fall into two
general classifications, namely decision” orders and non-
decision orders, In the case.of decision orders, the A
code has the value 0 or 1 and, in the.case of nondecision
orders, the A code is always other than 0 or 1. On de-
cision orders the Flying Spot Store may advance to the
next adjacent word location theréin or may transfer to
a new location at an address which has been stored in
one of the two Transfer Registers in Common Control.
Whether the Flying Spot Store advances or transfers is
dependent upon the conditions found in the Common
Control at the time of the decision order. A detailed
discussion of the CTR and EPO gate circuits outlines the
conditions under which a transfer will occur and under
which an advance will be made in the case of decision
orders. Decision orders always require two Common
Control operating cycles. for their completion. That is,
during the first cycle the order is read from the Flying
Spot Store into Common Control and on the second
cycle the decision is reached and Common Control pro-
ceeds in accordance with the terms thereof.

Nondecision orders.are employed for the transfer of
information within the Common Control; for example,
for controlling the BGS operations and Network Opera-
tion and for setting up circuit conditions so that a deci-
sion order may be acted upon. Most nondecision orders
are completed in one operating cycle of the Common
Control; however, a few such orders require two cycles.

A0 C0-18

Those orders which are prefixed by A==0 are decision
orders which may mean “Transfer if the reading of the
Barrier Grid Store, the Scanner, or one of the various
flip-flop memory cells is 0” or “Transfer if there is no
match of the memory cells being compared.” In order
to differentiate the above two types of operations and to
store the condition for use in the subsequent operating
cycle when the decision will be reached, one of the mem-
ory cells in the Order Memory is set. The memory cells
in the Order Memory are set in accordance with the C
code when A equals 0. If the C code is any of the values
0 through 9, 13, 14 or 15, then the TO memory cell 868
is set indicating that a transfer should be made if the
reading of the Barrier Grid Store, the Scanner or one of
the various flip-flop memory cells is 0. " If the C code
is equal to 10, 11, 12, 16, 17 or 18 when A is equal to 0,
the TOM memory cell 810 is set indicating that a trans-
fer should be made if no match occurs.in the memory
cells being compared.

Al C0-18

Those orders which are prefixed by A=1 are the in-
verse of those just described above., The operations are
similar and, as above, the precise operation is a function
of the value of the C code in combination with the A
code equal to 1. If the C code is equal to 0 through 9,
13, 14 or 15 when A equals 1, the T1 memory cell 869
will be set which means “Transfer if the reading of the
Barrier Grid Store, the Scanner, or the flip-flop being
considered is equal to 1.” Tf the C code is equal to 10,
11, 12, 16, 17 or 18 when the A code equals 1, the TIM
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memory cell 811 will be Vse_t,_'which means “Transfer if
a match occurs between the memory cells being - con-
sidered.”

It might be well at this pomt to review bneﬂy the

_operation of the EPO and CTIR gate circuits 930 and 931,
respectively. We. have previously stated that an EPO
pulse will be generated 1mmed1ately ‘after a nondecision
order and unmedlately after a decision order on which
a transfer is not required, and that a CTR pulse will be
generated immediately after a decision order upon which
_a transfer is required. In the above instances, the states

of the TO, T1, TOM, and TIM memory cells are trans-
mitted to the BP0 and CTR gate circuits and, as seen
from the Boolean expression for these gates shown under
the General heading “EP0 and CTR Gate Circuits,” the
conditions for the generation of an EP0 and a CTR pulse
are clearly defined.

As previously mdxcated two Transfer Registers 914
and 915 are provided for. use on conditional transfer
orders. The decision as to which Transfer Register will
be employed is indicated by the B code of the Order
Word when the A code is equal to 0 or 1.. The Flying
Spot Store will transfer to the address stored in the first
Transfer Register 914 if the B code is 0 or 1 when the' A
code is equal to 0 or 1 and will transfer to. the address
stored in the second Transfer Register 915 when the B
code is 2 and the A code is O or 1.

Another feature of the first Transfer Regxster 914 per-
mits the 1ncrement1ng of the Y address stored therein by
1. This operatlon is commanded when the B codeis 1
and the A codeis O or 1. .

If the A code equals 0 or 1 and the B code equals
0 or 1, the address stored in the first Transfer Register
914 is to be employed upon the occurrence of a transfer
order and the TR1 memory cell 812 in the Order Mem-
ory is set. If the A code equals 0 or 1 and the B code
equals 2, the information stored in the second. Transfer
Register 915 is to be employed upon the occurrence of a
transfer and the TR2 memory cell 813 in the Order
Memory 800 is set.

Decision orders

In the following orders the symbolic representations of
the order such as (RY') which are used in the implementa-
tion of the sequence charts of Figs.: 20 through 50 are
given along with the codes which command that pamcu-
lar order.

A0-1 B0-2 C01 (RY)

This order states that the Barner Grid Store should be
read and regenerated at a Y or vertical address -specified
by the D part of the Order Word and at an X address
previously stored in the part of the Barrier Grid Store Ad-
dress Register 700. In the implementation of this order,
the Y address indicated by the D part of the Order Word
will also be stored in the Barrier Grid Store Address
Register 700. :

The Order Word from the Flying Spot Store on con-
ductor group 1069 is gated through AND gate 402 to the
Order Register 400 for storage therein. - Gate 402 is en-
abled by a signal from: the Flying Spot Store Translation
Control. 901 on conductor 404 which, when energized,
indicates that the Flying Spot Store is. addressed .to-an
order area as opposed to a translation area. The word
stored in the Order Register is translated in the Primary
and Secondary Translators 410 and the Translator order
codes cause the following actions in the first Common
Control operating cycle: (1) OR gate 459 and AND gate
458 are enabled to-gate the D portion of the Order Word
on conductor group 490 to the Bus input circuit over con-
ductor group 491. (2) OR gate 762 and AND gate 760
are enabled to gate the X portion of the Order Word
stored in the Barrier Grid Store Address Register 700 to
the Bus input circuit over conductor group. 766. :

__Upon the occurrence of the EPO pulse at the end of the
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first operating cycle succeeding receipt of an RY order,

the following acts ordered by the RY order will be ac-

complished: (1) OR gate 824 and AND gate 844 are
enabled to set the RBG memory cell 801. This memory
cell is set for later use as the result of the Barrier Grid
Store interrogation will not be known until the next oper-
ating cycle of Common Control. (2) Both the X'and Y
-addresses which were gated to the Bus input circuit from
the Barrier Grid Store Address Register 700 and from the
Order Register 400 are gated from the Bus output circuit
to the Horizontal and Vertical Address Registers 601 and
602 through gate 1161. (3) The Y portion of the ad-
dress on the Bus output circuit, which was obtained from
the D code of the word in the Order Register, is gated
to the Barrier Grid Store Address Register 700 through
AND gate 707 and OR gate 708. (4) The OR gate 1112
is enabled by the RY code which enters over conductor
group 1116 and the ocutput of gate 1112, in conjunction

* with an EPO pulse on conductor 1118, enabled the Read

20

25

30

35

40

45

50

55

60

66

70

5

and Regenerate gate 1108 in the Barrier Grid Store Read-
Write Control to provide a RRG order on conductor
group 620 to the Barrier Grid Tube Control circuit 619.
(5) In accordance with the value of the A code, since the
C code is 0, the TO or T1 memory cell 808 or 809, respec-
tively, will be set as previously described. (6) In accord-
ance with the B code, the TR1 or TR3 gate 812 or 813
will be set to indicate which Transfer Register should be
employed if the RY order results in a conditional transfer.

During the second operating cycle following receipt of
an RY order, the Barrier Grid Store 600 will deflect to
the indicated address and the State of the interrogated
spot will be transmitted to the BGR memory cell 735 in
Miscellaneous Memory 738 over conductor pair 617.
The setting of the BGR memory- cell 735 will in turn
activate one of its two output conductors ROBG and
R1BG indicating respectively that the interrogated spot
was in the “0” state or in the “1” state.

As indicated in the discussion of the EP0Q and CTR gate
circuits, the states of the BGR memory cell and the Order
Memory cells are combined in the logic circuitry of the
EPO and CTR gates 930 and 931 to generate either an
EPQ or a CTR pulse. For example, if the TO memory
cell 808 was set, which means “Transfer if a 0 is read,”
and in fact the interrogated spot was in the “0” state, then
a CTR pulse will be generated. However, if the TO
memory cell 808 had been set and in fact the interrogated
spot was in the “1” state, an EPQ pulse will be generated.
Similar reasoning applies had the T1 memory cell 809
been set.

If the conditions are such that a transfer is fo be made,
a CTR pulse is generated, causing the information in the
first or second Transfer Register, in accordance with the
previously described setting of cells 812 and 813 to be
gated through the Flying Spot Store Address Control over
conductor group 928 or 929 and to the Horizontal and
Vertical Input Registers 1039 and 1040 over conductor
groups 1070 and 1071, respectively.

If the conditions are such that no transfer is to be
made, an EPO pulse is generated and the operation re-
quired by the Order Word following the above-described
RY Order Word is carried out. A pulse is also sent from
the Flying Spot Store Control 940 over conductor pair
1077 to command the Flying Spot Store to advance to
the next adjacent Order Word.

In the case of an advance of the Flying Spot Store, the
order signal on conductor group 523 indicating that the
order was not a direct transfer order and an EP0 pulse
on 505 indicating that 2 conditional transfer did not oc-
cur will cause the Add 1 Control 593 to increment the X
address from the Flying Spot Store Address Register 504
by 1 and this incremented address will be transmitted
back to the X memory cells of the Flying Spot Store
Address Register on conductor group 522.

Each RY order is completed in two 2.5 microsecond
operating cycles of the Common Control, however, due
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to the overlapping of operations successive RY orders
are initiated each operating cycle of Common Control.
The RY order was read from the Flying Spot Store at
the beginning of one operating cycle; the operations of
this order requiring an EPO pulse were effected at the end
of the first operating cycle; the state of the addressed
Barrier Grid Store spot was determined and the decision
as to whether an EP0 or CTR pulse should be generated
was reached during the second operating cycle; and an
EPO or CTR pulse as appropriate is generated at the
termination thereof.

AC-1 B2 Cl (RX)

This order states that the Barrier Grid Store should
be read and regenerated at the X address specified by
the D portion of the Order Word and at the Y address
which is presently in the Barrier Grid Store Address
Register 780 and that the X address obtained from the
D part of the Order Word should be read into the X
portion of the Barrier Grid Store Address Register 700.
The circuit operations of this order are similar to those
described with regard to the RY order; however, differ-
ent gates are activated.

The RX order read from the Flying Spot Store is
gated into the Order Register 460 through gate 402 as
again, gate 402 receives an enabling pulse from the Fly-
ing Spot Store Translation Control over conductor 404
indicating that the Flying Spot Store is directed to an
order area and not to a translation area. The RX or-
der which is stored in the Order Register is translated
in the primary and secondary Translators 41¢ and the
translated order codes cause the following actions: (1)
‘Gates 459 and 458 are enabled to gate the D portion
of the Order Word on conductor 496 to the Bus input
circuit over conductor group 491. (2) OR gate 763
and AND gate 717 are enabled to transfer the YO through
Y4 and Y6 bits of the Y address stored in the Barrier
Grid Store Address Register 700 to the Bus input cir-
cuit over conductor group 767, and OR gate 764 and
AND gate 718 are enabled to gate the Y35 portion of
the Y address stored in the Barrier Grid Store Address
Register 700 to the Bus input circuit, also over con-
ductor group 767. )

Upon the occurrence of the EPC pulse at the end of
the first operating cycle succeeding receipt of an RX

order, the following operations will be performed: (1)

AND gate 844 is enabled to set the RBG memory cell
to its “1” state. (2) Both the X and Y addresses which
were gated to the Bus input circuit from the Order Reg-
ister 400 and from the Barrier Grid Store Address Reg-
ister 760 are gated from the Bus output circuit to the
Horizontal and Vertical Address Registers 601 and 602
through AND gate 1101 of the Barrier Grid Store Ad-
dress Control 1186. (3) The X portion of the address
on the Bus output circuit, which was obtained from the
D code in the Order Word, is gated to the Barrier Grid
Store Address Register 700 through AND gate 704 and
OR gate 705. (4) OR gate 1112 is enabled by the oc-
currence of the RX code which enters over conductor
group 1116. The output signal of gate 1112, in con-
junction with an EPQ pulse on conductor 1118, enablés
the Read and Regenerate gate 1108 in the Barrier Grid
Store Read-Write Control to provide an RRG order on
conductor group 620 to the Barrier Grid Tube Control
circuit 619. (5) In accordance with the value of the
A code, since the C code is 1, the T1 or T¢ memory cell
808 or 809, respectively, will be set as previously de-
scribed. (6) In accordance with the B code of the Or-
der Word, the TR1 or TR2 memory cell 812 or 813 wiil
be set to indicate which Transfer Register will be em-
ployed in the case of a conditional transfer.

During the second operating cycle succeeding receipt
of an' RX order, the Barrier Grid Store 600 will deflect
to the indicated address and the state of the interrogated
spot will be transferred to the BGR .memory cell 735 in
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Mlscellaneous Memory 738 over conductor pan‘ 617.

The setting of the BGR memory cell 735 will in turn
activate one “of its two’ output conductors ROBG and
R1BG indicating, respectively, that the mterrogated spot
was in the “0” state or the “1” state. "As indicated in
the discussion of the EPO and CTR gate circuits and of
the RY order, the states of the BGR memory cell 735
and the order memory cells are combined in. the logic
of the EPO and CTR gate circuits 930 and 931 to gen-
erate either an EPQ or CTR pulse at the end of the sec-
ond Common Control operating cycle after receipt of an

RX .order.

If the conditions are such that a transfer is to be
made, a -CTR pulse is generated causing the informa-
tion in the first or second Transfer Register, in accord-
ance with the previously described setting of cells 812
and 813 to be gated through the Flying Spot Store Ad-
dress Control over conductor group 928 or 929 and to
the Horizontal and Vertical Input Registers 1039 and
1049 over conductor groups 1070 and 1071, respectively.

If the conditions are such that no transfer is to be
made, an EPQ pulse is generated and the operation re-
quired by the ‘Order Word immediately following the
above-described RX Order Word is carried out. A pulse
is also sent from the Flying Spot Store Control 940 over
conductor pair 1077 to command the Flying Spot Store
to advance to the next adjacent Order Word.

Upon the occurrence of an advance in the Flying Spot
Store, the order signal on conductor group 523 indicat-
ing that the order was not a direct transfer and an EPO
pulse on 505 indicating that this is not a case of a con-
ditional transfer will cause the Add ‘1 Control to in-
crement the X address on conductor 504 from the Flying
Spot Store Address Register and transmit the incremented
address back to the Flying Spot Store Address. Reg-
ister.

A0-1 B0O-2 C2 (EY)

This order is identical to the RY order described above
except that a Read and Write 0 order is generated in
the Barrier grid Store Read-Write Control 1107 instead
of the Read and Regenerate order. The EY order,
when translated in the Order Translator 410, provides an
enabling signal on conductor 1148 to enable OR gate
1115. The output signal from OR gate 1115 in con-
junction with an EPO pulse on conductor 11i8 enables
AND gate 1111 to generate a Read and Write “0” order
for transmission to the Barrier Grid Tube Control circuit
619 on conductor group 620.

This order therefore states that the Barrier Grid:Store
should be read and a 0 written-at the storage area whose
Y address is indicated in the D code of the Order Word
and whose X address is stored in the Barrier Grid Store
Address Register 780. This order is in effect a Read
and Erase order and is employed where information in
the Barrier Grid Store is to be used in arriving at a
decision; however, that information will not be required
in subsequent orders.

A0-1 B0-2 C3 (EX)

This order is identical to the RX order as described
above except that a Read and Write 0 order is generated
in the Barrier Grid Store Read-Write Control 1107 in-
stead .of a Read and Regenerate order as in the RX order.
The EX order is the counterpart of the EY order and is
employed where information from the Barrier Grid Store
is to be used in arriving at a decision and where the in-
formation stored will not be required in subsequent
orders.

The EX order, when translated in the Order Transla-
tor 410, provides an enabling signal on conductor 1148
to enable OR gate 1115, The output signal from OR
gate 1115 in conjunction with an EP0O pulse on conduc-
tor 1118 enables AND gate 1111 to generate a Read
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and Write 0 order for transmission to the Barrier Grid
Tube - Control circuit 619 on conductor group 620.

. 'This order therefore states that the Barrier Grid Store
should be read a 0 written at the storage area whose
X address is indicated in the D code of the Order Word
and whose Y address is stored in the Barrier Grid Store
Address Register 700.

AO-1 BO-2 .C4 (CY)

- This order is ‘identical to the above-descnbed RY
and: EY orders except that the Read and Change con-
ductor to the Barrier Grid Tube Control circuit 619 is
activated instead of the Read and Regenerate or Read
and ‘Write 0 conductors as in the above-mentioned orders.
" The order received from the Flying Spot Store is
gated to the Order Register and translated in the primary
and secondary Order Translator circuits 410. The
Translator output signals enable OR gate 1113 and the
output of 1113 on conductor 1117 ir conjunction with
an EPQ. pulse .on conductor 1118 enables the Read and
Change gate 1109 in the Barrier Grid Store Read-Write
Control 1107. The Read and Change input conductor
~ to the Barrier Grid Tube Control circuit 619 is there-
fore ‘activated through conductor 620.

AO-1 B0—2 C5 (CX)

_ This order is the counterpart of the above-described
CY order and states that the Barrier Grid Store should
be read and the information changed at the X address
indicated in the D code of the Order Word and at the
Y address stored in the Barrier Grid Store -Address
Register 700. The translated Order Word, as in the CY
order, activates OR gate 1113 and- AND gate 1109 to
generate the Read and Change order to the Barner
Grid Tube Control circuit 619.

A0-1 B0-2 C6 (RFA)

This order specifies that” one of the memory cells
in the Access Register 1159 shall be read and a transfer
or advance of the Flying Spot Store made in accordance
with the terms of the A and C codes of the RFA order.

.The order is obtained from the Flying Spot Store and

gated through AND gate 402 to the Order Register 400.
The information- stored in the Order Register 400 is
processed in the Order Transliator 410 and the Transla-
tor output sigrals cause the following actions within
Common Control: (1) OR gate 822 is enabled and its
output signal in conjunction with an EP0 pulse on con-
ductor 874 enables AND gate 840 to set the RFF memory
cell 804 in the Order Memory- 800. The setting of the
RFF memory cell indicates that a flip-flop is being read
rather than the Barrier Grid Store as in the preceding
orders.. (2) The TO, T1, TR1 and TR2 memory cells
808, 869, 812 and 813, respectively, are set in accordance
with the makeup of the A and B codes as previously
discussed. - (3) The state of the particular memory cell
in the Access Register 1150 whose number is indicated
by the decimal value of the D- code is gated through
AND gate 1183 to set or reset the FFR memory 734 in
the ‘Miscellaneous Memory 738. The state of the ad-
dressed -memory cell is therefore stored in the Miscel-
laneous Memory for use in the succeeding operating
cycle of Common Confrol fo determine whether an
EP0O or CTR pulse should be generated. :
- If an’ EPQ pulse appears at the end of the Common
Control operating cycle immediately succeeding the
receipt of an RFA order; the acts above requiring an
EPO pulse are completed. ~ In the next succeeding operat-
ing cycle;. the -state of the memory cells.in the Order
Meémory 800 and the state of the FFR memory cell 734
in Miscellaneous Memory. 738 are combined in the EPQ
and CTR' gate circuits 930 and 931 io generate, as ap-
propriate; either-an’ EPO or CTR pulse.
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A0-1 B0-2 C7 (RP)

This order states that the Barrier Grid Store should
be read and regenerated at a storage area whose address
in both the X and Y coordinates has been preset in
the Barrier Grid Store Address Register 700. This
order is similar to the RY and RX orders except that
the entire address is obtained from the Barrier Grid
Store Address Register 700 rather than only the X or
the Y address. The D code of the Order Word is not
employed in this order.

The RP order is obtained from the Flying Spot Store
and gated, as are all other orders, to the Order Register
400 through AND gate 402. The order is then proc-
essed in the Order Translator 410 and the Translator
output signals implement the following acts within the
Common Control: (1) OR gate 824 and AND gate 844
are each enabled to-set the RBG memory cell 801 in
the Order Memory 800, - (2) OR gate 762 and AND
gatée 760 are enabled to gate the X address registered in
the Barrier Grid Store Address Register 780 to the Bus
input circuit over conductor group 766. OR gate 763
and AND gate 717 are enabled to gate the YO through
Y4 and Y6 portions of the Y- address stored in the Bar-
rier Grid Store Address Register 700 to the Bus input
circuit over conductor group 767. OR gate 764 and
AND gate 718 are enabled to gate the Y3 portion of
the address stored in the Barrier Grid Store Address
Register 700 to the Bus input circuit over conductor
group 767. (3) Both the X and Y addresses which
were gated to the Bus input circuit from the Barrier Grid
Store Address Register 700 are gated through AND gate
1101 of the Barrier Grid Store Address Control 1136 to
the Horizontal and Vertical Address Registers 691 and
602 in the Barrier Grid Store. AND gate 1i01 is en-
abled by the simultaneous occurrence of an output from
OR gate 1102 and an EPO pulse on conductor 1193.
Gate 1102 is enabled in accordance with the translated
order information. (4) The OR gate 1112 is enabled by
the RP code which enters over conductor group 1116
and the output of OR gate 1112 in conjunction with an
EPO pulse on conductor 1118 enables the Read and Re-
generate AND gate 1108 in the Barrier Grid Stcre Read-
Write Control. This provides a RRG order on conduc-
tor group 628 to the Barrier Grid Tube Control circuit
619. (5) In -accordance with the A and B codes, the
TO, T1, TR1 and TR2 memory cells 808, 809, 812 and
813 in the Order Memory 800 will be set in-accordance
with the earlier discussion of these memory cells.

If an EPO pulse occurs immediately after the operating
cycle in which the RP order was received, the acts de-
scribed above requiring an EP0 pulse will be accom-
plished and during the second 2.5 microsecond operating
cycle of the Common Control, the decision will be
reached as to whether an EPO or CTR pulse is to be gen-
erated at the end of the second operating cycle.

The information preset in the Barrier Grid Store Ad-
dress Register 700 is usually set therein by a non-de-
cision order which occurs prior to the RP order.

A0-1 B0-2 C8 (RC)

This order is identical to the RP order except that
the Barrier Grid Store is fo be read and regenerated at
a Y address wherein the second most significant bit of
the Y address stored in the Barrier Grid Store Address
Register 700 is complemented. Accordingly, the oper-
ations within Common Control performed under the RC
order are the same as those performed under the RP
order with the exception that OR gate 765 and AND
gate 719 are energized rather than OR gate 764 and
AND gate 718. Accordingly, under the RC order the
complement of the Y5, second most significant bit of the
Y address stored in the Barrier Grid Store Address Reg-
ister 700, is transmitted to the Bus input circuit over
conductor group 767. L .
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A0-1 B0-2 C9 (RS) i

Preceding this order, the Scanner Address Register
420 will have been set in accordance with the terms of
a nondecision order. The output conductors of the Scan-
ner Address Register are connected directly to the diode
logic in the Line and Trunk Scanner input. Consequent-
ly, the state of the line interrogated in accordance with
the address stored in the Scanner Address Register is
present at the Scanner output conductor 231 which is
connected to the Scanner Detector Amplifier. As pre-
viously indicated, two-rail logic is employed at the out-
put of the Detector Amplifier 229.

The RS order, a decision order, is gated from the
Flying Spot Store over conductor group 1069 to the
Order Register 400 through AND gate 402. The codes
stored in the Order Register are translated in the Order
Translator 410 and the Translator output signals effect
the following operations: (1) the TO or T1 memory cells
808 and 809 in the Order Memory 800 are set in ac-
cordance with the A code. (2) The Read Scanner mem-
ory cell 803 is set upon the occurrence of an EPQ pulse
to indicate that the Scanmer is being read. (3) The
state of the line interrogated by the Scanner at the ad-
dress indicated in the Scanner Address Register 420 is
gated to the S memory cell 737 in the Miscellaneous
Memory 738.

If an EPO pulse occurs at the end of the first operating
cycle succeeding the receipt of an RS order, the oper-
ations above requiring an EPO pulse are completed and
during the succeeding operating cycle of Common Con-
trol a decision is reached in the EP0 and CTR gate cir-
cuits 93¢ and 931 as to whether an EPO or CTR pulse
should be generated at the end of the second Comimon
Control operating cycle.

A0-1 B0-2 Ci10 (RSL)

This order commands the supervisory scanning.of sub-
scribers’ lines and trunks. The supervisory state of a
subscriber’s line or a trunk is compared with the state
of the L1 or T1 spot in the Barrier Grid Tube assigned
to that particular line or trunk. In accordance with the
relative states of the subscriber’s line and the associated
line spot, either an EPO or a CTR pulse is generated at
the termination of the second operating cycle succeeding
the receipt of an RSL order. ) : -

This order is unlike previously described orders in
that it comprises a command regarding an address Te-
ceived under a previous order and a new address to es-
tablish conditions in Common Control for use in the
next succeeding order. This procedure is characterized
as overlap operation.

Preceding the first RSL order, non-decision orders are
employed to establish initial address conditions in the
Scanner Address Register. For the purpose of discussion
of the RSL order it will be assumed that an address has
been established in the Scanner Address Register and the
information therein is made available to the Bus input
circuit by the enabling of gate 426. .

Two operating cycles are required to complete an RSL
order and it will be assumed in the following description
that the first RSL order was received at time #0, 2 second
RSL order at time #1, and a third RSL order at time £2,
where times 70, 1 and 72 occur.at 2.5 microsecond inter-
vals established by the clock pulse generator 933.

Operations between 10 and t1

On occurrence of the EPO pulse accompanying the
first RSL order, gate 422 is enabled to gate the fourteen-
bit X and Y address on the Bus output circuit to the
Scanner Address Register 420. The Scanner is therefore
directed to the address obtained from the Bus.

Gate 426 is enabled to put the fourteen-bit X and Y ad-
dress in the Scanner Address Register onto the Bus input
circuit.
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Operations between tl and 2

At this time an EPQ pulse occurs and. the second RSL
order is received from the Flying Spot Store. The second
RSL order is gated to the Order Register 46¢ and is
translated in the Order Translator 419.

Upon occurrence of the EPO pulse accompanyng the
second RSL order, the TOM, T1M, TR1 and TR2 memory
cells 810, 811, 812 and 813 are set in accordance with the
A and B codes of the first RSL order received at time 70.

Also, since the order at 0 comprises A=0-1 and
C=10, the RS and RBG memory cells 803 and 801, re-
spectively, in the Order Memory 869 are set.

The Barrier Grid Store Address Control gate 1101 is
enabled by the prior RSL order and the present EPO pulse
to gate the fourteen-bit X and Y address from the Bus w0
the Barrier Grid Store Horizontal and Vertical Input
Registers 641 and 602. .

The Read and Regenerate conductor to the Barrier
Grid Store is activated by enabling OR gate 1112 and
AND gate 1108.

The fourteen-bit X and Y .address on the Bus output is
gated to the Barrier Grid Store Address Register 760
through AND gates 704 and 707.

The state of the line whose address was set in the
Scanner prior to receipt of the first RSL order is read to
the S memory cell 737 in the Miscellaneous Memory 738.
During the cycle from t1 to #2, the state of the addressed
Barrier Grid Store spot becomes known and the BGR
memory cell 735 is positioned in accordance therewith.
During this second cycle succeeding the receipt of the
first RSL order, the conditions are established to generate
either an EPO or CTR pulse and one or the other will
occur at the end of the second operating cycle in accord-
ance with the relative states of the scanned line and its
associated L1 or L2 spot.

The preceding discussion concerning the period. from
tl to #2 has been concerned with actions at the address
established in Common Control preceding receipt of the
first RSL order. Also during this period, the new RSL
order must be read into the Order Register and transiated
and the D code of the Order Word must be gated into the
X memory cells of the Scanner Address Register through
AND gate 421. It should be noted that the gating of
information into the Scanner Address Register does not
interfere with the previously described gating of informa-
tion from the Scanner Address Register as the two opera-
tions are separated by a short interval of time.

- If an EPO pulse is obtained at time 72 as the result of
the first RSL order, the events will proceed as previously
described but now with respect to the address received at
time ¢0. Scanning of lines and trunks proceeds until the
program dictates a direct transfer to a different order or a
conditional transfer results in the generation of a CTR
pulse ‘at which time the scanning operation will be tem-
porarily halted and other required acts will be performed.

A0-1 B0-2 Cil- (RSY)

Preceding the RSY order, X and Y addresses are set
in the Scanner Address Register and a different X—Y
address is set in the Barrier Grid Store Register to
establish the initial conditions for the receipt of the RSY

- order.
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This order specifies that the Scanner shall be addressed
to a line in accordance with the X and Y address pre-
viously established in the Scanner Address Register 428,
that the Barrier Grid Store shall be read and regenerated
at the Y address indicated by the D cede of the Order
Word and at the X address obtained from the X memory
cells of the Barrier Grid Store Address Register, and that
the states of the addressed line and addressed Barrier Grid
spot shall be compared in accordance with the conditions
established by the A and B codes of the RSY order to
generate either an EPO or CTR pulse.

The RSY order is gated to the Order Register 469
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through AND gate 402 and translated in the Order Trans-
lator 410.

The output signals from the Order Translator. enable
OR gate 762 and AND gate 760 to gate the X address in
the Barrier Grid Store Address Register 700 to the Bus
input circuit over conductor group 766 and enable AND
gate 458 to transmit the D code of the Order Word stored
in the Order Register 400 to the Y conductors of the Bus

input circuit over conductor group 491.

"~ Upon the occurrence of the EPC pulse at the end of
the first operating cycle succeeding receipt of the RSY
order, the fourteen-bit X and Y address on the Bus output
is transmitted through AND gaté 1101 to the Barrier
Grid Store Horizontal and Vertical Address Registers 601
and 602; the Read and Regenerate gate 1108 in the
~ Barrier Grid Store Read-Write Control is enabled to acti-
vate the Read and Regenerate conductor to the Barrier
Grid Tube Control circuit 619; the TOM, T1M, TR1 and
TR2 memory cells in the Order Memory 800 are posi-
tionéd in accordance with the A, B and C codes of the
RSY order; the RS and RBG memory cells 803 and 801
are set to indicate that the Scanner and the Barrier Grid
Tube are being read; and gate 771 or gate 772 is enabled
to position the S memeory cell 737 to indicate the state of
the line read by the Scanner 201.
" During the second operating cycle succeeding the re-
ceipt of an RSY order, the state of the addressed Barrier
Grid Storage spot will become known and will be regis-
- tered in the BGR memory cell 735. . ’

The conditions have now been established within the
‘Order Memory and Miscellaneous: Memory to arrive at
a decision as to whether an EPO or CTR pulse will be
‘generated. = The states of the memory cells in the Order
Memory and the Miscellaneous Memory are combined
in the EPQ and CTR gate circuits 930 and 931 to gen-
erate either an EPO or CTR pulse in accordance with
our discussion of these gate circuits. -

A0-1 B0-2 Ci2 (RSX) -

Preceding the RSX“ordér, X-and Y addresses are set -

in the Scanner Address Register and a different X and
Y address is set in the Barrier Grid Store Register to
establish the initial conditions for the receipt of the
RSX order. : : :

This order specifies that the Scanner shall be addressed
to a line in accordance with the X and Y address pre-
viously established in the Scanner Address Register 420,
that the Barrier Grid Store shall be read and regenerated
at the X address indicated by the D' code of .the Order
Word and at the Y address obtained from the Y memory
cells of the Barrier Grid Store Register, and that the
states of the addressed line and addressed Barrier Grid
Store spot shall be compared in accordance with the
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conditions established by the A and C codes of the RSX - -

order to generate either an EPQ or CTR pulse.

The RSX order is gated to the Order Register 400
through AND gate 402 and translated in the Order Trans-
lator 410.

The output signals from the Order Translator enable
OR gates 763 and 764 and AND gates 717 and 718 to
gate the Y address in the Barrier Grid Store Address
Register 760 to the Bus input circuit over conductor
group 767. AND gate 458 is enabled to transmit the
D code of the Order Word stored in the Order Transla-
tor 400 to the X conductors of the Bus input circuit over
conductor group 491.

Upon the occurrence of the EPO pulse at the end of
the first operating cycle succeeding receipt of the RSX
order, the fourteen-bit X and Y address on the Bus is
transmitted through AND gate 1101 to the Barrier Grid
Store Horizontal and Vertical Address Registers 601
and 602; the Read and Regenerate gate 1108 in the
Barrier Grid Store Read-Write Control is enabled to ac-
tivate the Read and Regenerate conductor fo the Barrier
Grid Tube Control circuit 619; the TOM, TIM, TR1 and
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TR2 memory cells in the Order Memory 800 are posi-
tioned in accordance with the A, B and C codes of the
RSX order; the RS and RBG memory cells 803 and 801
are set to indicate that the Scanner and the Barrier Grid
Tube are being read; and gate 771 or gate 772 is_enabled
to position the S memory cell 737 to indicate the state of
the line read by the Scanner 201. :

During the second operating cycle succeeding the re-
ceipt of an RSX order, the state of the addressed Barrier
Grid storage spot will become known and will be reg-
istered in the BGR memory cell 735. -

The conditions have now been established within the
Order Memory and the Miscellaneous Memory to ar-
rive at a decision as to whether an EP0 or CTR pulse
will be generated. The states of the memory cells in
the Order Memory and Miscellaneous Memory are com-
bined in the EPO and CTR gate circuits 930 and 931 to
generate either an EPO or CTR pulse in accordance with
our discussion of these gate circuits.

A0-1 B0-2 C13 - (RFF)

This order specifies that the state of one of the in-
dividually addressable Miscellaneous Memory cells in
the system be stored in the FFR memory cell 734 in
Miscellaneous Memory and that an EPO or a: CTR pulse
be generated in accordance with the state stored therein
and the setting of the TO or T1 memory cells in the
Order Memory in accordance with the A code of the
RFF order. The various Miscellaneous Memory cells
are addressed in accordance with the D code of. the
Order Word upon the occurrence of the RFF order. The
following is a list of the D code decimal values and the
Miscellaneous Memory cells addressed thereby:

D0—SM memory cell 736 T
D6—10 millisecond memory cell 946
D8—Ringing state memory cell in the “tone source 208
D25—The Distribution Network Busy memory cell
D26—The Distribution Network Operation -Successful
memory cell o
D27-—The Distribution Network Operation Ended mem-
ory cell L
D28—The break-in memory cell. - (This memory cell is
set to its “1” state if either or both of the Distribution
Network and office concentrator network Operation
Ended memory cells are in their #1” state.) -
D29—The Concentrator Operation Ended memeory cell
D30—The Concentrator Operation Successful memory
cell
D31—The Concentrator Busy memory cell

A0-1 B0-2 Ci4 (RYN)

This order states that the Barrier Grid Tube shall
be read and regenerated at a Y address_determined by
the D code of the Order Word and at an: X codé obtained
from the Barrier Grid Store Address Register 700. This
order is the same as the RY order except that the Y ad-
dress used herein is not read into the Y memory cells of
the Barrier Grid Store Address Register 700. . -

The. Order Word is read to the Order Register and
translated and the Translator signals- obtained thereby
enable gate 458 to gate the D code of the Order Word
to the Bus input circuit and through OR gate 762 en-
able-gate 760 to gate the X code stored in the Bamer
Grid Store Address Register to the Bus -input circuit.

Upon the occurrence of the EPO pulse immediat;ly
succeeding the receipt of the RYN order, the following
operations are performed: (1) The TO, T1, TRl and TR2
memory cells 808, 809, 812 and 813 are set in -accord-
ance with the A and B code of the Order Word. (2) The
X and Y addresses on the Bus circuit are gated to the
Barrier Grid Store Horizontal and Vertical Address
Registers 601 and 602. (3) The Read and Regenerate
gate 1108 is enabled. . (4) The RBG memory cell 801
in the Order Memory 800 is set. . .

During the second cycle succeeding receipt of an RYN
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order, the stafe of the addressed Baitier Grid'spet is set
in the BGR memory cell 735 in Miscellaneous Mem-
ory 738.

In accordance with the terms established in the Order
Memory by the A and C codes -of the RYN ‘order and
the state of the addressed Barrier Grid Tube storage area,
either an EPO-or a-CTR pulse is-generated at the end -of
the second operating cycle.

A0-1 B0-2 C15 (RXN)

This order specifies that the Barrier Grid Store should
be read and regenerated at-an X address determined by the
D code of the Order Word and ‘at a 'Y address obtained
from the Y memory cells -of the Barrier Grid ‘Store Ad-
dress Register 700. This order is -identical to the RX
order except that herein the X address obtained from the
D code of the Order Word is not read into the Barrier
Grid Store Address Register.

Upon translation, ‘gate 458 is -enabled to gate the D
code of the Order Word to the X conductors of the Bus
input and gates 717 and 718 are enabled to gate the Y
codes from the Barrier Grid Store Address Register 706
to the Y conductors of the Bus input circuit.

Upon occurrence of the EPO pulse succeeding receipt
of an RXN order, the following operations are per-
formed: (1) The TO, T1, TR1 and TR2 memory cells
808, 809, 812 and 813 are set in accordance with the A
and B code of the Order Word. (2) The X and Y ad-
dresses on the Bus circuit are gated to the Barrier Grid
Store Horizontal and Vertical Address Registers 601
and 602. (3) The Read and Regenerate gate 1108 is
enabled. (4) The RBG memory cell 801 in the Order
Memory 800 is set.

During the second cycle succeeding receipt of an RXN
order, the state of the addressed Barrier Grid spot is set
in the BGR memory cell 735 in Miscellanecus Mem-
ory 738.

In accordance with the terms established in the Order
Memory by the A and C codes of the RXN order and
the state of the addressed Barrier Grid Tube storage
area, either an EPO or a CTR pulse is generated at the
end of the second operating cycle. )

A0-1 B0-2 Cl6 (MX)

This order specifies that the seven bits of an X word
obtained from one of the various memory units in Com-
mon Control shall be compared with seven X hits previ-
ously registered in the Memory and Match Register 743
and that Register 775 shall be set to its “1” state if a
mismatch occurs.

In accordance with the D code of the Order Word ac-
companying the MX order, the full X and Y word in the
addressed memory cell group is transmitted to the Bus
input circuit. The following table shows the decimal
value of the D code accompanying the MX order and the
memory unit addressed by that D code:

D2—First Transfer Register 914

D3—Return Address Register 502

D4—Barrier Grid Store Address Register 700
DS5—Scanner Address Register 42¢ »
Dé6—First fourteen cells of the Access Register 1150
D7—Last fourteen cells of the Access Register 1150
D8—First Memory Register 902

D9—Second Transfer Register 915

D10—Second Memory Register 903

D11-Third Memory Register 904

D12—Memory and Match Register 743

D20—X cells of Barrier Grid Store Address Register 700
D21—Y cells of Barrier Grid Store Address Register 700
D29-—Concentrator Trunk Identifier 209

D30—B Network Identifier 305

D31—A Network Identifier 304

Upon receipt.of the EPO pulse succeeding receipt of an
MX order, the following .operations are accomplished:
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(1) The MFG memory cell 805 is set. (2) The TIM or
TOM memory cells 816 and 811 and the TR1 and TR2
memory cells 812 and 813 are set in accordance with the
A, Band Ccode. (3) The X code of the word stored in
the Memory and Match Register is gated to the Parallel
Matcher over conductor group 748.

A comparison of the X word gated from the Memory
and Match Registér 743 to the Parallel Matcher 742 and
the X portion of the word from the Bus output circuit on
conductor group 773 is made in the Parallel Matcher 742
and the Match Register 775 is set if a mismatch occurs.
If a match occurs, the Mismatch Register 775 remains in
its reset or “0” state.

During the second Common Control operating cycle
succeeding the receipt of an MX order, the states of the
T1M and TOM memory cells and the output of the Par-
allel Matcher Register 775 are processed in the EPO and
CTR gate circuits 930 and 931 to generate the appropri-
ate pulse in accordance with the terms of the order.

A0-1 BO-2 Cl17 (MY)

This order specifies that the seven bits of 2 Y word ob-
tained from one of the various memory units of Com-
mon Control shall be compared with seven Y bits pre-
viously registered in the Memory and Match Register
743 and that Register 775 shall be set to its “1” state if a
mismatch occurs.

As in‘the preceding order, the full X and Y word in
the ‘addressed memory cell group is fransmitted to the
Bus input circiit. The particular memory cell group
addressed is determined by the D code of the Order
Word as in the preceding order.

The operations herein are the same as in the MX order
except that the Y code is transmitted from the Memory
and Match Register to the Parallel Matcher rather than
the X code as in the preceding order. A comparison is
made in the Parallel Matcher and if a mismatch occurs,
Register 775 is set to its “1” state. :

A0-1 B0-2 CI8 (MB)

This order is a combination of the MX and MY orders
and specifies that the fourteen-bit X and Y words from

‘one of the various memory cell groups in Common Con-

trol, -determined in ‘accordance with the D code of the
Order ‘Word, shall be compared with the fourteen-bit
‘word previously set in the Memory and Match Register
743. As in the preceding orders, the Register 775 is set
to its “1” state if a mismatch occurs between the com-
pared words and during the second operating cycle suc-~
ceeding receipt of an MB order, the state of the T1M
and TOM memory cells in the Order Memory, along with
the state of the Match Register 775, are joined .in the
EPQ and CTR gate cifcuits. 930 and 931 -to generate
either an EPO or CTR pulse. i

} Non-decision orders
A2 (T)

This order commands the direct transfer of ‘the Flying
Spot Store to the address indicated by the B, C and D
portions of the ‘Order Word. When the A part -of the
Order Word is translated in the Order Translator 410
and found to be-equal to 2, the seven bits of the B and
C portions of the Order Word are gated through AND
gate 458 to the Bus input circuit to form the X portion
of ‘the Flying Spot Store address, and- the seven bits of
the D code are gated also through AND gate 458 to the
Bus input circuit to form the 'Y address -of the Flying

~ Spot Store. The B code comprises the two most signifi-

70

75

cant bits of the X word and the C code the five least
significant bits of the X word. - o

At the end of the Common Control -operating cycle
following receipt of the T order, the EP0 pulse in con-
junction with the A2 code will enable AND gate 561
and OR gate 563 in the Flying Spot Store Address Con-
trol 500 to gate the X and Y :address to the Horizontal



2,955,165

"~ 67

and Vertical Input Registers 1039 and 1040, respectively,
in the Flying Spot Store. The transfer conductor from
the Flying Spot Store Control 940 to. the Flying Spot
Store Program Control circuit 1067 must be energized
before the Flying Spot Store will transfer to the new
address which was received from the Bus output circuit.
The transfer conductor to the Flying Spot Store Program
Control is energized at the initiation of a transfer. The
start of a transfer is marked by the simultaneous occur-
rence of an EPO pulse on 917, the A2 code on 949, and
an indication that the Flying Spot Store is presently in
the order area on 950. The termination of the transfer
is marked by an indication that the transfer cycle is com-
pleted on conductor 919,

At the same time that the X and Y addresses are trans-
mitted to the Horizontal and Vertical Input Registers
1039 and 1040, the same addresses are transmitted over
conductor group 521 to the Flying Spot Store Address
Register 501, Before the memory cells in the Flying
Spot Store Address Register cells change their state, the
A2 code indication is transmitted to the Add 1 Control
503 over conductor group 523 to command the incre-
menting of the address in the X cells of the Flying Spot
Store Address Register 581 by 1. The incremented X
address is transmiited to the X cells of the Return Ad-
dress Register 502 over conductor group 527 and OR
gate 563. The Y address in the Flying Spot Store Ad-
dress Register is transmitted to the Return Address Regis-
ter without alteration. Accordingly, the address in the
Flying Spot Store Return Address Register 502 is the
address of the Flying Spot Store adjacent to the address
from which the transfer was made.

A3 B3 (G)

In accordance with this order, information is trams-
ferred in parallel from one memory cell group, designated
by the C portion of the Order Word to another memory
‘cell group designated by the D part of the Order Word.
The Order Translator output signals. activate a selected
conductor in accordance with the order codes which en-
ables -a gate in the output of a selected memory cell
group to gate the states of that memory cell to the Bus
input circuit and a second conductor which enables an-
other selected gate to gate the information on the Bus
output circuit to the other selected memory cell group.
The gating of information is in synchronism with an EPO
pulse. In accordance with this code, information may be
gated to and from any of the various memory cell groups
having access to the Bus circuit.

C2—First Transfer Register 914

C3—Return Address Register 502

C4—Barrier Grid Store Register 700

C5—Scanner Address Register 420

C6-—First 14 cells of the Access Register 1150
C7—Last 14 cells of the Access Register 1150
C8—First Memory Register 902

C9—Second Transfer Register 915

C10—Secondary Memory Register 903

C11—Third Memory Register 904

Cl2—Memory and Match Register 743

C20—X cells of Barrier Grid Store Address Register 760
C21—Y cells of Barrier Grid Store Address Register 700
C29—Concentrator Trunk Identlﬁer 209

C30—B Network Identifier 305

C31—A Network Identifier 304

The following is a list. of D codes and the storage
‘areas to which information may be made:

D2—First - Transfer Register 914 .
D4—Barrier Grid Store Register 700
D5—Scanner Address Register 420 .
D6—First 14 cells of the Access Register 1150
D7—Last 14 cells of the Access Register 1158
D8—First Memory Register 902

D9—Second Transfer Register 915
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D10—Second Memory Register 903 -
D11—Third Memory Register 904
D12—Memory and Match Register 743
D20—X cells of Barrier Grid Store Address Register 700
D21—Y cells of Barrier Grid Store Address Register 708
D23—Trunk Signalling Selector Register 508 -
D24--Network and Concentrator Control Registers 516

and 538
D25—B Trunk Selector Register 540
D26—A Trunk Selector Register 539
D27—Coucentrator Release Selector Register 429
D28—Line Selector Register 436
D29—Concentrator Trunk Identifier 269
D30—B Network Identifier 305
D31—A Network Identifier 304

Ad (ST}

In accordance with this order, the fourteen memory
cells of the first Transfer Register 914 are set in accord-
ance with the B, C and D parts of the Order Word. In
this order, the B and C parts of the Order Word com-
prise the X address and the D part comprises the Y
address. The B, C and D codes are gated through AND
gate 458 to the Bus input circuit and the Order Translator
signals through OR gate 942 in conjunction with an EPQ
pulse on conductor 941 enable AND gate 922 thereby gat-
ing the X address to the X transfer and through OR gate
943 gating the Y addresses from the Bus output circuit
on conductor group 928 to the first Transfer Register
memory cells.

A5 (SLA)

This order is similar to the ST order except that the
B, C and D parts of the Order Word are transmitted to
the first fourteen memory cells in the Access Register
13150 rather than memory cells in the first Transfer Regis-
ter.

The AS code enables CR gate 1162 and its output sig-
nal in conjunction with an EPO pulse on conductor 1163
enables AND gate 1124 to gate the information from
the Bus output circuit on conductor group 1164 through
OR gates 1165 and 1166 to set the first fourteen memory
cells in the Access Register 1150.

A6 (SSA)

This order is identical to the SLA order except that
information is set in the last fourteen memory cells of
the Access Register 115¢ rather than the first fourteen
celis. The A6 code enables OR gate 1167 and its output
in conjunction with an EPO pulse on 1168 enables AND
gate 1125 to gate the information from the Bus output
circuit on conductor group 1169 through OR gates 1178
and 1171 to the last fourteen memory celis of the Access
Register 1150.

A7 BO (RYFA)

This order specifies that the Barrier Grid Store is to be
read and regenerated at a Y address determined by the
D portion of the Order Word and at an X address ob-
tained from the Barrier Grid Store Address Register 769,
and that the state of the interrogated spot in the Barrier
Grid Store is to be stored in one of the memory cells
of the Access Register 1150, The particular one of the
thirty-two cells in the Access Register in which this in-
formation is to be stored is determined by the C portion
of the Order Word which may assume any one of the
thirty-two values 0 through 31. The Barrier Grid Store
Y address as determined from the D portion of the Crder
Word is also gated to the Y memory cells of the Barrier
Grid Store Address Register 700.

Upon the occurrence of this order, the following opera-
tions within Common Control are performed: (1) The
AND gate 832 is enabled to set the RYFA memory cell
802 in the Order Memory 860. (2) AND gate 844 is en-

‘abled to set the Read Barrier Grid memory cell 8§01,
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(3) The D code of the Order Word is fransmitted through
AND gate 458 to the Bus input circuit to form the Y
.address for the Barrier ‘Grid Store and the X :code stored
in the Barrier Grid Store Address Register 700 is gated
through AND gate 760 to the Bus input circuit to form
the X .address -to be assumed by the Barrier Grid Store.
(4) The X -and Y address obtained from the Barrier
-Grid Store Address Register 760 and from the D code
of the Order Word are gated through AND gate 1101,
aupon the occurrence -of an EPO pulse on conductor 1104,
to the Horizontal and Vertical Address Registers 681
and 602. (5) The information on the Y .cenductors of
the Bus output circuit is gated to the Y memory cells of
the Barrier Grid Store Address Register 700 through AND
gate 707 and OR gate 708. (6) The Order Translator
signal in conjunction with an EPO pulse on conductor
1118 enables the Read and Regenerate gate 1108 to trans-
mit a Read and Regenerate order to the Barrier Grid
‘Tube Control circuit 619 over conductor group 62¢. (7)
AND gate 405 is enabled by an output signal from OR
gate 492 and an EPO pulse to set the cells in the C
Memory Register 432 in accordance with the C portion
of the Order Word.

In the Common Control operating cycle following the
first EPO pulse after recelpt of an RYFA order, the state
of the mterrogated spot in the Barrier Grid Store becomes
known -and is registered in the BGR memory <cell 735 in
Miscellaneous Memory 738. The output signals from the
BGR memory cell 735, the RYFA memory cell ‘892, the
‘C Memory Translator 434, and the EPO pulse-in -concert
effect the setting of one of the thirty-two memory cells
i the Access Register 1150. For example, if the value
of the C code is 16 and the state of the interrogated
Barrier Grid spot was “1,” the sixteenth memory cell in
the Access Register 1150 will be set to its “1” 'state by
the enabling of AND gates 1135 and 1136.

A7 Bl (EYFA)

This order is the same as the RYFA order except that
the information read from the interrogated spot in the
Barrier Grid Store is mot to be regenerated .as -t will
not be required for subsequent operations. Accordingly,
the Read and Write 0 conductor from the Barrier Grid
Store Read-Write Control is activated rather than the
RRG conductor as in the preceding order.

A7 B2 (WFAY)

This order specifies that a particular one of the thirty-
two memory cells in the Access Register 1150 shall be
read and the state of that memory cell written in a stor-
age spot in the Barrier Grid Store at the 'Y address speci-
fied by the D part of the Order Word and at an X address
stored in the Barrier Grid Store Address Register 709.
In this order, the D part of the Order Word is frans-
mitted through gate 458 and conductor group 491 to
the Bus input circuit to form the Y portion of the Bartier
‘Grid Store address and the X address stored in the
Barrier Grid Store Address Register 700 is transmitted
through AND gate 760 and conductor group 766 to the
Bus input circuit to form the X portion of the -address
to be assumed by the Barrier Grid Store. Both the
X and Y waddresses in the Bus circuit are gated to the
Barrier Grid Store Horizontal and Vertical Address
Registers 601 and 602 through AND gate 1101 and con-
ductor group 1106 and the Y address from hte Bus out-
put circuit is gated to-the Y memory cells of the Barrier
Grid Store Address Register 708 through AND gate
707 and OR gate 708.

The C code conductors from the: Order Translator over
conductor .group 1172 selectively enable AND gate 1161
to the Barrier Grid Store Read-Write Control over either
conductor group 1146 or 1147, depending on whether
the interrogated memory cell was in the “0” or the “1”
state, respectively. In accordance with the state of the
selected memory cell in the Access Register, either the
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Read -and Write -0 gafe 1111 or the Read and Write [
gato 1130 in'the Barrier 'Grid Store Read-Write Control
1107 is energized to .command the writing of the state of
the selected memory cell in the desired address of the
Barrier :Grid Store.

Under this order, none -of the memory cells in the
Order Memory are set -as the order is complete within
one operating cycle of the Common Control.

A7 B3 CO (WOY)

This order specifies that a 0 shall be written on the
Barrier Grid Store at:a' Y address specified by the D part
of the Order Word and an X address specified by the
address stored in the X portion of the Barrier Grid Store
Address Register 700. -Further, the Y address obtained
from the D code of the Order Word is to be stored in the
Y memory cells in the Barrier Grid Store .Address Reg-
ister 700. 1In this order the following Common Control
operations are performed: (1) The D code -of the Or-
der Word is gated through AND gate 458 and conductor
group 491 to the Bus input circuit to form the Y address
for the Barrier Grid Store. (2) The X address stored
in the X memory cells of the Barrier Grid Store Address
Register 700 are gated through AND gate 760 and con-
ductor group 766 to the Bus input circuit. (3) The X
and Y addresses in the Bus output circuit are gated to
the Horizontal and Vertical Address Registers 601 and
602 in the Barrier Grid Store and the Y address from the
Bus output circuit is gated to the Y memory cells of
the Barrier Grid Store Address Register 700 through
AND gate 767 and OR gate 708.. (4) OR gate 1115
and AND gate 1111 are enabled to energize the Read and
Write 0 conductor in conductor group 620 to the Barrier
Grid Tube Control circuit 619.

The above acts requiring an EPO pulse are completed
during the second Common Control operating cycle after
the receipt of a WOY order as the EP0 pulse required to
complete these acts appears at the end of the first op-
erating cycle subsequent to the receipt of a WOY order.

A7 B3 C1 (W1Y)

This .order is the same -as the WOY order except that
OR gate 1114 and AND gate 1110 are enabled to energize
the Read and Write 1 conductor in conductor group 626
rather than the Read and Write 0 conductor in the same
-conductor group as in the preceding order.

A7 B3 C2 (WOX)

This order specifies that a 0 is to be written on the
Barrier Grid Store at an X address determined by the
D code of the Order Word and at a Y address determined
by the setting of the Y memory cells of the Barrier Grid
Store Address Register 700.

This order is identical to the WOY order except that
the D part of the Order Word is used to form the X por-
tion of the Barrier Grid Store Address and the Y part
of the Barrier Grid Store Address is obtained from. the
Barrier Grid Store Address Register 700. Consequently,
the D part of the Order Word is gated into the X memory
cells of the Barrier Grid Store Address Register 709
through AND gate 704 and OR gate 705.

A7 B3 C3 (WiX)

This order is identical to the WOX order except that
the Read and Write 1 gate 1110 is energized rather than
the Read and Write 0 gate 1111 as in the preceding order.

A7 B3 C4 (WOP)

This order specifies that a 0 shall be written on the
‘Barrier -Grid -Store at the address determined by the set-
ting of the X .and Y memory cells of the: Barrier Grid
Store Address Register 700,

Acoordmgly, the states of the X and Y memory cells
in the Barrier ‘Grid Store Address Register are :gated to
the Bus input circuit throngh AND gate 760, AND -gate
717 and AND gate 718. Upon the occurrence of the
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EPO pulse at the end of the first operating cycle after
receipt of a WOP order, the X and Y addresses from
the Bus are gated through the Barrier Grid Store Ad-
dress Control gate 1101 to the horizontal and Vertical
Address Registers 601 and 602 and the Read and Write
0 gate 1111 is enabled to energize the Read and Write 0
conductor in conductor group 620.

A7 B3 C5 (WIP)

This order specifies that a 1 shall be written on the
Barrier Grid Store at the address determined by the code
stored in the X and Y memory cells of the Barrier Grid
Store Address Register 700.

This order is identical to the WOP order except that
the Read and Write 1 gate 1110 in the Barrier Grid Store
Read-Write Control 1107 is energized rather than the
Read and Write 0 gate 1111 as in the preceding order.

A7 B3 C6 (WOFA)

This order specifies that one of the thirty-two memory
cells in the Access Register is to be reset to its “0” state.
The particular memory cell to be reset is determined
by the D Code of the Order Word which may assume
any one of the thirty-two values 0 through 31.

In this order the Order Translator conductor energized
upon the occurrence of the A7 B3 C6 code in conjunc-
tion with an EPO pulse and the energization of one of
the thirty-two D code conductors energizes AND gate
1142 or AND gate 1144 to reset one of the memory cells
in either the first group of eighteen cells or in the second
group of fourteen cells, respectively.

A7 B3 C7 (WIFA)

This order specifies that one of the thirty-two memory
cells in the Access Register 1150 shall be set to its “1”
state. 'The particular memory cell to be set is determined
by the D code of the Order Word which may assume any
one of the thirty-two values 0 through 31. In this in-
stance, gates 1141 and 1143 are respectively energized to
set a memory cell in the first group of eighteen memory
cells or the second group of fourteen memory cells.

A7 B3 C8 RGY)

From time to time spots on the Barrier Grid Store
which have not been addressed for a period of time tend
to lose their meaning and must be regenerated. This
order specifies that the Barrier Grid Store should be read
and regenerated at the Y address determined by the D
code of the Order Word and at an X address in accord-
ance with the setting of the X memory cells of the Barrier
Grid Store Address Register 709. This order is similar
to the RY order; however, no decision is reached here-
“under and none of the mémory cells in the Order Memory
800 are set upon the occurrence of this order. The D
code of the Order Word is gated to the Bus and the states
of the X cells in the Barrier Grid Store Address Register
709 are gated to the Bus input circuit and upon the oc-
currence of the EPQ pulse, both the X and Y addresses
are gated to the Barrier Grid Store Horizontal and -Verti-
cal Address Registers through the Barrier Grid Store Ad-
dress Control 1100. At the same time OR gate 1112
is energized and its output in conjunction with the EP0
pulse on conductor 1118 enables gate 1108 to energize
the Read and Regenerate conductor in conductor group
620.

A7 B3 C9 (RGX) .

This order specifies that the Barrier Grid Store shall
be read and regenerated at an X address determined from
the D code of the Order Word and:at a 'Y address ob-
tained from the Y memory cells of the Barrier Grid Store
Address Register 700. ‘This order is similar to the RGY
‘order except that the words of the X and Y addresses

“are interchanged. - ) . :
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A7 B3 CI0 (SY)

This order specifies that the Y memory cells on the
Barrier Grid Store Address Register shall be set in ac-
cordance with the D code of the Order Word.

The D code is gated through AND gate 458 and con-
ductor group 491 to the Y conductors of the Bus input
circuit and upon the occurrence of the EPC pulse at the
end of the first Common Control operating cycle after
receipt of an SY order, the Y address from the Bus out-
put circuit is gated through AND gate 707 and OR gate
708 to the Y memory cells of the Barrier Grid Store
Address Register 700.

A7 B3 Ci1 (8X)

This order is similar to the SY order and states that
the X memory cells of the Barrier Grid Store Address
Register 700 shall be set in accordance with the D code
of the Order Word. - Accordingly, the D code is gated
to the Bus input circuit as before and upon the occur-
rence of the EPQ pulse the codes on the X conductors of
the Bus oufput circuit are transmitted to the X memory
cells through AND gate 704 and OR gate 705.

A7 B3 Cl12 (IFGQ)

This order specifies that the Flying Spot Store shall
transfer to an address stored in one of the memory units
having access to the Bus input circuit. The particular
memory unit from which the X and Y addresses are to
be gated is specified by the D code of the Order Word.
The following is a list of the D codes applicable to this
order and the memory units from which information is
gated upon the occurrence of the accompanying D code
and a TFG order:

D2—First Transfer Register

D3—Return Address Register 502

D4—Barrier Grid Store Address Register 700

D5—Scanner Address Register 420 .

D6—First Fourteen Memory Cells of Access Register
1150 .

D7—Last Fourteen Memory Cells of Access Register
1150 -

D8—First Memory Register 902

D9—Second Transfer Register

D10—Second Memory Register 903

D11—Third Memory Register 904

D12—Memory and Match Register

The D part of the Order Word is translated and is used
in conjunction with the A7 B3 CI2 ocutput conductor
of the Order Translator 410 to selectively gate informa-
tion to the Bus input circuit in accordance with the above
table. This is a direct transfer order and is similar to
the T order described above. The Bus output circuit is
connected to the Flying Spot Store Horizontal and Verti-
cal Input Registers 1032 and 1040 through Flying Spot
Store Address Control gates 561 and 563 as in the T
order. -

The transfer conductor in conductor group 1077 is en-
ergized by the Flying Spot Store Control 940 and the
Flying Spot Store transfers to the address received from
Flying Spot Store Address Control 500. The address
adjacent to the address from which the transfer is made
is stored in the Return Address Register 592 by gating
the X address stored in the Flying Spot Store Address
Register 501 to the Add 1 Control over conductor group
504 and thence to the Return Address Register X memory
cells through OR gate 564. The Y address from the Fly-
ing Spot Store Address Register is transmitted to the
Return Address Register without alteration. The address
is transmitted from the Flying Spot Store Address Regis-
ter to the Return Address Register prior to the time that
the Flying Spot Store Address Conirol is enabled and
therefore prior to the time that the new X address is
stored in the Flying Spot Store Address Register.
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A7 B3 Ci13 (WOPC) :

This order specifies that a 0O shall be .written .on the
Barrier Grid Store at an X address determined by the
code in the Barrier Grid Store Address Register 700 and
at a Y address determined by .the code in the Barrier
Grid Store Address Register altered to the extent that the
second most significant bit is complemented.

In this order the code stored in .the X memory cells
of the Barrier Grid Store Adress Register are gated
to the X conductors of the Bus input circuit through AND
gate 760 and the YO through Y4 and Y6 bits of the
address stored in the Barrier ‘Grid Store Address Regis-
ter 708 are gated to the Bus input circuit through AND
gate 717. The Y5 or second most significant bit of
the Y code is complemented and transmitted through
AND gate 719 to the Bus input circuit. The act of
complementing the second most significant bit of the Y
address is effective to shift the Barrier ‘Grid Store beam
by one ‘quadrant. Complementing is accomplished by
connecting the 0 output conductor of the Y35 memory
cell to the 1 conductor of the Bus input circuit and the
1 -output conductor of the Y5 memory cell to the 0 con-
ductor of the Bus circuit.

The X and Y addresses so obtained are tramsmitted
through the Barrier Grid Store Address Control AND
gate 1101 to the Horizontal and Vertical Address Regis-
ters 601 and 602. The Read and Write 0 gate 1111 is
energized and therefore a O is written at the -desired
address.

A7 B3 Cl4 (WIPC)

This order specifies that a 1 shall be written on the
Barrier Grid Store at X and Y addresses determined
by the codes stored in the Barrier Grid Store Address

Register 708 altered to the extent that thHe Y :address

stored therein is complemented in the second most sig-
nificant bit to shift the Barrier Grid Store address by
one quadrant.

This order is identical to the WOPC .order except ‘that
the Read and Write 1 gate 1110 in the Barrier Grid
Store Read-Write Control 1107 is enabled rather than
the Read or Write 0 gate 1111 as in the preceding order.

A7 B3 Ci15 (WOFF)

This order specifies that an individually addressable
memory cell outside the Access Register be reset. The
memory cell to be reset is determined by the D code .of
the Order Word.

The code A7 B3 C15 D6 is employed to reset the

10 millisecond memory cell 946 and to gate the state -of -

this memory cell to Miscellaneous Memory.
A7 B3 Cl6 (WIFF)

This order specifies that an individually addressable
memory cell outside the Access Register be set to its “1”
state. The particular memory cell to be set is deter-
mined by the D code of the Order Word.

The code A7 B3 C16 DO is employed to set the TRLO
memory cell in the Flying Spot Store Translation Con-
- trol 961 by way of a signal over conductor group 953.
The setting of the TRLO memory cell indicates that a
direct transfer to a translation area will immediately
follow. i

This order specifies that a direct transfer to ‘a trans-
lation area will immediately follow and therefore sets
the TRLO memory cell in the Flying Spot Store Trans-
lation Control 981. This Order Translator signal enters
the Fiying Spot Store Translation Control over conductor
group 953.

A7 B3 Cl17  (AXFG) .

This order specifies that an X address stored in any
one of the various memory groups having access to the
Bus input circuit shall be incremented by 1 and stored
in the X memory cells of the.Barrier Grid Store Address
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Register 700. The D code of the Order Word seleciy
the memory group from which the address shall be trans-
mitted to the Bus.

This -order is accomplished in two steps as ‘follows:
During the operating cycle succeeding receipt of -an
AXFG order, the address to be incremented is gated to
the Bus input circuit and during the second operating
cycle after receipt of an AXFG order the address on the
Bus output circuit is transmitted to the Barrier Grid Store
Address Register through the Add 1 X Control 701 and
‘OR gate 705.

A7 B3 CI8 (AYFG)

This order specifies that a Y address stored in any one
of the various memory cells in Common Control having
access to.the Bus circuit shall be incremented by 1 and
stored in the Barrier Grid Store Address Register 700.

The operation of this order is the same as the AXFG
order except that the Add 1 Y Control, the Y memory
cells of the Barrier Grid Store Address Register, the Y
conductors of the Bus circuit and the Y memory cells
of :one of the various memory cell groups are employed
rather than their X counterparts as in the preceding-
order.

A7 B3 :C20 (CYN)

“This order specifies that a storage area in the Barrier
Grid Store shall be read and changed at a Y address
specified by the D code of the Order Word and at an X
address obtained from the X memory cells of the Barrier
‘Grid Store Address Register 700.

This order is similar to the CY order except that a
decision is not to be reached thereunder. Accordingly,
none of the memory cells in the Order Memory 800 are
set on this order and no transfer can occur at the com-
pletion thereof.

Detailed progress of a call

We have described the major divisions of a telephone
switching office in accordance with our invention as
shown in Fig. 1 and have explained in general terms the
completion of both intraoffice and interoffice calls with
respect thereto. We have also described the detailed

functional divisions of our invention as shown in Figs. 2

through 16 and have fully described the program orders
employed in this system.

We shall now proceed to a detailed explanation of the
progress of a call through our invention employing the
philosophy that common contrel and network opera-
tions relevant to the handling of other than our illus-
trative -cail are being .interleaved in time and, except for
minor references thereto, these other actions will be
ignored.

Programing of work operations with respect to time
is at the discretion of the system programer and his de-
cisions are based on traffic requirements.

Progress through the office will be explained in ref-
erence to the time diagrams, Fig. 19, the operational
sequence chart, Figs. 20 through 50, and the call progress
block diagrams of Figs. 51 through 53. The functions
described in the sequence charts are implemented in -our
invention by means of the previously enumerated pro-
gram orders. Certain of the sequence chart work op-
erations require several 2.5 microsecond operating cycles
of Common Control while others are -completed in .one
cycle. The symbolic language of the charts is obvious
from the accompanying discussion.

We :shall first examine the progress of and explain in
detail an intraoffice call originating at the subscriber’s
station having the local office directory number
23-4-0925 and directed to the local .office subscriber
station ‘having the directory number 23-4-1209. Station
1209 iis ‘the fourth party on a six-party line. Following
this, we will proceed to a discussion of interoffice calls.
In the typical local office -described in this invention, the
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complete directory - number coinprises seven digits
-wherein the first three digits define the local office and
the last four digits define the subscriber’s station within
‘that office. The connections required to complete an
intraoffice call are shown in Figs. 51A through 51C.

100 millisecond supervisory scan

Our call originates with a service request from station
0925 which is detected at time T1 in Fig. 19, during the
supervisory scan.of subscribers’ lines and trunks.

The supervisory scan of lines and trunks is arranged
to interrogate each line and trunk in the office for service
requests and disconnect signals at least once every 100
milliseconds.

As indicated in Fig. 20, the states of the Scanner and
the L1 spot associated with the station to which the Scan-
‘per is addressed are compared. If a match condition
exists between the Scanner and the L1 spot, the pro-
gram advances to the supervisory scan of succeeding sub-
scribers’ lines ‘as, if both are in the “0” state, the in-
terrogated line is either idle or being served by Com-
‘mon Coatrol, and if both are in the “1” state, the line

“is in talking condition. In either event, a request for
service or disconnect is not indicated.

If the scanned line is in the “0” state and the L1 spot
in the “1” state, a disconnect is indicated and the pro-
gram transfers to a disconnect sequence, which will be
explained in detail with respect to the termination of our
“call.

When the scanned line is in the “1” state and the
L1 spot in the “0” state, the subscriber is requesting
service or is otherwise served by the Common Control
‘and the L2 spot must be read to differentiate between
these possibilities. If the L2 spot is in the “1” state, we
have the L1-L2 code combination which indicates that
the line is served elsewhere by Common Control. If
the 1.2 spot is also in the “0” state, the L1 and L2 spots
‘indicate that the line was previously idle; therefore, with
the Scanner in the “1” state, a request for service is in-
dicated.

Seizing an Originating Register

An originating call requires the services of an Originat-
ing Register which, as previously mentioned, consists of
a group of spots in the Barrier Grid Store. Accord-
ingly, we sequentially read the activity spots O-Al and
0-A2, of the Originating Registers until a Register is
found having both activity spots in the “0” state, indi-
-cating that the Register is idle. As shown in Fig. 20, if
.the O-Al spot is in the “1” state, the Register is indi-
cated busy and some succeeding Register must be used.
However, if the O-Al spot is in the “0” state, the A2
spot musi be interrogated and, if the latter is in the “1”
‘state, again the Register is busy and succeeding Registers
-must be checked.

Having found an idle Originating Register, we write
a “1” in the O-A2 spot to seize the Originating Register.
The combination code wherein the O-Al equals 0 and
the O-A2 equals 1 indicates that the Originating Register
is busy but not yet ready to detect dial pulses.

A “1" is written in the L2 spot assigned to the cali-
ing subscriber to place the L1 and L2 spots in the “0”

-and “1” states, respectively, to indicate that the line is
‘being served by Common Control. The combinational
codes for the L1 and L2 spots and the states they rep-
resent are shown in the upper table at the right side of
Fig. 20.

The Originating Register is assigned to the particular
- calling line by wriiing the originating line equipment num-
ber of the calling line in the O~OLEOQ through O-OLE11
spots. The first seven bits of this address define the par-
ticular concentrator to which the calling subscriber is

. connected and -the last five bits define the particular
. subscriber out of the possible thirty subscribers connected
1o the line side of the concentrator.. .
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We write a “0” in the O-PSPD spot to start the per-
manent signal partial dialing timer; write “0’s” in the
O-DLC and O-PC spot. groups to prepare the Originat-
ing Register for the detection of dial pulses; write a “1”
in the O-LL spot to record the last-read state of the call-
ing line; and write a “1” in the O-DT spot to indicate
that a dial tone connection is. to be established.

Seizing the Network

Having established the initial conditions in the Originat-
ing Register, the Network Register ‘activity spot, N-A,
is interrogated to determine whether the Network is idle
or busy.

The Network Register is assigned to both the Distribu-
tion Network and the Concentrator Networks. Com-~
mands to the Concentrator Networks and the Distribution
Network may be assigned simultaneously or serially. If
orders to the Concentrator and Distribution Networks
are transmitted on a serial basis, transmission of suc-
ceeding orders always awaits completion of a preceding
order and orders to the Concentrator are never transmitted
while a Distribution Network job is in progress, or vice
versa.

If, as shown in Fig. 21, the N-A spot is found to be
in the “1” state, the Network is busy and our call must
await completion of the job currently in process in the
Network. To establish a request for Neiwork service,
we write a “1” in the Network Register at the N-RW0
spot to indicate a request waiting from the Originating
Register and we write a “1” in the Originating Register
at the O-RN spot to indicate that this particular Register
is awaiting the services of the Network. We will assume
throughout our discussion that the Network is idle and
ready to respond to commands. The Network is seized
by writing a “1” in the N-A spot.

Establishing a path through the Concentrator

The line side of the Concentrator is marked at the
address of the calling line by gating the originating line
equipment number from the OLE spots of the Originating
Register to the Concentrator Line Selector Register 43§

_and -therice to the Concentrator Line Selector 211. A

connection through the Concentrator between the marked
calling line and an idle trunk from the Concentrator to
the A side of the Distribution Network is ordered by
seiting the Concentrator Network Control Register 516
to the Connect A condition. :

At the point marked X, in Fig. 21, immediately suc-
ceeding the Connect A order, we are at a point in time
just succeeding time T1 in Fig. 19. At this point, the
Concentrator Sequence Control undertakes action to es-
tablish the desired conneciion through the Concentrator
and, since Concentrator action is slow compared to Com-
mon Control actions, Common Control proceeds with
orders pertaining to other calls as further action with re-

~gard to our illustrative call must await completion of the

connection through the Concentrator.

The program orders the setting of the Network Pro-
gram address, N-NPAQ through N-NPA13 spots, in the
Network Register to the particular Flying Spot Store ad-
dress to which a transfer is to be made upon completion of
the current Network job. Accordingly, when the Concen-
trator connection is established, further actions with re-
gard to this call may be undertaken.

Concentrator Sequence Control transmits a check
signal back to the Concentrator Network Control Regis-
ter 516 to indicate receipt of an order and proceeds in-
dependently of common confrol to establish a concen-
trator connection between the marked calling line and an
idle trunk to the A side of the Distribution Network.
Having  established the connection, the Concentrator

“Trunk Identifier is set to the address of the particular

trunk connected to the calling subscriber and the Opera-
tion Successful and Operation Ended signals are trans-

-mitted to Common Control through: AND gate 453.
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From time to time the program causes Common Con-
trol to question whether or not the current Network job
has been completed.  Since the Distribution Network
and Concentrator Networks are taken as one for the pur-
poses of job assignments, the Operation Ended conductors
from the Concentrator Sequence Control 202 and from
the Distribution Networks Sequence Control 302 are
both interrogated to detect completion of current Net-
work jobs. If the current job has not been completed
at the time a check for completion has been made, Com-
mon Control again proceeds with other work operations
until a subsequent check of the Network indicates com-
pletion of the current job, at which time the Flying Spot
‘Store transfers to the address previously established in
the Network Register N-NPA spots. Before proceeding
further, a check is made to determine whether or not the
Concentrator Operation Successful signal has been re-
ceived. If an OPS signal is not received, a further at-
tempt is made to establish the desired connection through
the Concentrator. However, if the Operation Success-
ful signal is present, we are ready to proceed with the op-
erations necesary to establish the connection in the Distri-
bution Network between the trunk to which the calling
subscriber is connected and an idle dial tone trunk.

Seizing an idle dial tone trunk

Dial tone trunks are assigned T3 spots in the Barrier
Grid Store as they form a traffic group; however, these
trunks are mot assigned T1 and T2 spots as the super-
visory state of the trunk cannot be changed by actions
other than Common Control establishing connection
thereto. The T3 spots assigned to the dial tone trunks
are sequentially interrogated, as indicated in Fig. 22, un-
til an idle trunk is found as indicated by the T3 spot
being in the “0” state. Accordingly, we write a “1” in
the T3 spot to seize the idle dial tone trunk.

Establishing the dial tone connection

We must now transfer the Flying Spot Store to the
address corresponding to- the Barrier ‘Grid Store address
of the seized dial tone trunk. For example, if the T3
spot of the seized trunk is, as shown in Fig. 18, at the

Barrier Grid Store address X125Y64, the Flying Spot

Store is also addressed to the address X125Y64. At this
point, we obtain the Distribution Network trunk equip-
ment number of the seized dial tone trunk. This ad-
dress is the eleven-bit address which must be set in the
Distribution Network Trunk Selector to mark the seized
dial tone trunk. The address obtained from the Flying
Spot Store is gated to the Distribution Network B trunk
Selector Register to mark the Distribution Network at the
dial tone trunk address. .

The A side of the Distribution Network is marked at
the address of the Concentrator trunk connected to the
calling subscriber by gating the output of the Concen-
trator Trunk Identifier to the Distribution Network A
Selector Register.

We have now marked the A and B sides of the Network
in preparation for establishing a call therethrough which
is commanded by setting the Distribution Network Con-
trol Register 538 to the Connect condition.

The slow Network sequence, shown in Fig. 23, is under-
taken, the Network Register NPA spots are set to the
Flying Spot Store address to which a transfer is to be
made upon completion of the current Network job and
Common Control proceeds with other orders until the
Network completes its current job.

The Network sends the check signal back to Common
Control to acknowledge receipt of an order, proceeds
to establish a connection between the marked trunks and
subsequently tramsmits Operation Successful and Opera-
tion Ended-signals back to Common Control through
AND gate 454.

Again Common Control from time to time checks the
Network for a completion of the current job, as pre-
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viously described, and upon a completed indication, thé
Flying Spot Store transfers to the program address ob-
tained from the NPA spots in the Network Register.
The Distribution Network .response is checked to make
sure that an Operation Successful signal was received
and, if present, succeeding actions with regard to this
call are undertaken. If the Operation Successful signal
is absent, further attempts are made to establish the con

nection through “the Distribution Network.- '

We have reached time T2 in Fig. 19, the dial tone con-
nection through the Network, as shown in Fig. 51A, has
been established, and provisions must be made to scan
the subscriber’s line once every 10 milliseconds to ensure
detection of all dial pulses. Accordingly, the Originating
Register is set to the 10 millisecond dial pulse scan by
writing a “1” in the O—A1l spot. The Al and A2 spots

of the Originating Register are now both in the “1” state,
indicating that the detection of dial pulses is to be under-
taken.

The equipment number or level of the Concentrator
trunk connected to the calling subscriber is set into the
Originating Register O-CLNO through O~CLN3 spots for
future reference. This information is obtained from the
last four bits confained in the Concentrator Trunk Identi-
fier.

 Ten millisecond dial pulse scan

. To detect Originating Registers to be served by the
10-millisecond scan, the Al spot in each Originating Reg-
ister is read as indicated in Fig. 24. If the Al spot is
in the “0” state, detection of dial pulses is not under way
and Common Control advances to read thé Al spot of
the succeeding Originating Register. - However, if the A1
spot is equal to “1,” dial pulses are to be detected at the
Scanner address found in the originating line equipment
spots of the Originating Register. - The Scanner address
is read from the O—OLEOQ through O-OLE11 spots to the
Access Register 1150 and thence to the Scanner Address
Register 420. The Scanner is thereby adressed to the
calling line served by the subject. Originating Register.

At this point, the state of the Scanner and the state of
the Last Look spot in the Originating Register are com-
pared to detect changes in supervisory state of the calling
line. If the states of the Scanmer output and the Last
Look "spot match as at time T3, no transition has oc-
curred since the last look and no action is required with
respect to this line. The system will then proceed to
serve the next Originating Register. .

If a mismatch occurs, as at time T4, there has been
a transition from off-hook to on-hook or vice versa since
the last time the line was scanned. The above types of
transitions are distinguished by reading the Last Look
spot in the Originating Register. If the Last Look spot
is in the “0” state, a transition from on-hook to off-hook
is indicated and the details of actions under these condi-
tions are shown later as they occur in the progress of
our illustrative call.

If the Last Look spot is in the “1” state, the line has
experienced a transition from off-hook to on-hook, indi-
cating the start of a dial pulse or the abandonment of a
call. . (See Fig. 19.)

Tt is assumed as a starting point that this is a dial tran-
sition and the Originating Register is set accordingly.
The Originating Register is brought up to date by writing
2 “0” in the Last Look spot to set it in accordance with

the Scanner output; a “0” is written in the A1T spot of the

O_ri_gina’ting Register to start the abandoned call inter-
digital timing sequence; and the pulse counter is incre-
mented by 1 to record the first off-hook to on-hook tran-

‘sition.

Release of dial tone connection (Fig. 25)

Having detected a dial transition, the DT spot in the
Originating Register is read to determine whether or not
a ‘dial tone connection exists. On all but the first off-
hook to on-hook transition the DT spot will be in the
“0” state and a path which is shown in detail later in
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the progress of our call is followed. However, on the
occurrence of the first transition from off-hook to on-
hook, the dial tone spot is'in its “1” state and accordingly
the dial tone connection must be destroyed.

The dial tone spot is reset to its “0” state to indicate
that the dial tone connection will be destroyed and the
activity spot of the Network Register is read to determine
whether the Network is idle or busy. Assuming the
Network to be idle, the N—-A spot will be equal to 0 and
‘Network actions in connection with the release of dial
tone may be started. The Network is seized by writing
a “1” in the Network Register activity spot.

The dial tone connection through the Distribution Net-
work is destroyed by marking the concentrator trunk con-
nected to. the calling subscriber and subsequently trans-
mitting a Release A order to the Distribution Network
‘Sequence Control. At this time, the twelve-bit address
in the Access Register is thé Scanner address of the
_calling subscriber. The first seven bits of the Scanner ad-
dress define the particular concentrator to which the
_calling subscriber is connected and the remaining five bits
define the subscriber’s line as one out of thirty possible
lines connected to that concentrator.

The trunk address to be marked comprises the same
seven bits found in the Scanner address to identify the
~particular concentrator and the last four bits identify
“the one trunk connected to the calling subscriber out of
the ten possible trunks connected to that particular con-
centrator. Accordingly, the bits 8 through 11 of the
_originating line equipment number stored in the Access
Register 1150 are changed to agree with the concentrator
level number found in the Originating Register O-CLNO
through O-CLN3 spots. The A trunk connected to the
calling subscriber is marked at the Distribution Network
by setting the Distribution Network A Trunk Selector
in accordance with the eleven-bit modified address in the
“Access Register. L

Network action is initiated by setting the Distribution
Network Control Register 538 to the Release- A code.
Again, at the point marked X in Fig. 25, the Network
proceeds with the task of destroying the connection be-
tween the dial tone trunk and the concenirator trunk con-
nected to the calling subscriber.. R

Tmmediately after sending the commands to the Dis-
tribution.  Network; the .N-NPAQ _through N-NPA13
spots in the Network Register are set to the particular
Flying Spot Store address to which a transfer is to be
_made upon completion of the current.job in the Network
- and Common Control then preceeds with other neces-
. sary work operations while awaiting completion of the
current Network job. s .

Simultaneously, the Network Sequence Control sends
-back a check signal to the Distribution Network Centrol

- Register to acknowledge receipt of a command and then,

“in due time, releases the connection through the Dis-

. tribution Network between the dial tone trunk and the

. concentrator trunk connected to the calling subscriber.
Upon sucecessful completion: of the order, the Operation
Successful signal is trapsmitted and a-short time there-
after the Operation Ended signal is also transmitted to
Common Control.. .- - . - .- i

“From time to time Common Control checks to deter-
mine whether or not the Network has completed its job.
Assuming completion of the current job, the Flying Spot

_ Store transfers to the address stored in the N-NPA spots

_ of the Network Register. - - - ‘

.- Once the.dial tone connection has-been destroyed, the
T3 spot associated with that particular dial tone connec-
tion must-be Teset to its “0”:state. A process of elimina-

_tion.is employed tfo determine- which of the dial tone

" trupks is to- be released. _The. Distribution Network ad-

~dress of.the trunk released is gated from the Distribu-

-tion - Network B Identifier te the Memory and Match

- Register 743. . T ;

10

15

20

25

30

35

40

45

50

55

60

80

The Flying Spot Store is then sequentially directed to
the Translation addresses assigned to the T3 spots of the
dial tone trunks. The word read from Translation is a
Selector address such as was gated from the B Identifier
to the Memory and Match Register. The Translation
word is compared with the address in the Memory and
Match Register and, upon the occurrence of a match,
the particular dial tone trunk to be released is identified.

Upon occurrence of a match of the information from
the Memory and Match Register obtained from the
Identifier and the Translation word as indicated in Fig.
26, the Barrier Grid Store is addressed to the T3 spot
whose address is the same as the address of the matching
Translation word. A “0” is wriiten at this Barrier Grid
Store address to reset the particular T3 spot.

Pulse counting and recording

With reference to the diagram of Fig. 19, the dial tone
connection is destroyed some time intermediate to the
points marked T4 and T5: At TS5 a second 10-milli-
second dial pulse scan occurs, however, at this point the
states of the Scanner and the Last Look spot agree and
the scan advances to serve succeeding subscribers’ lines.
As shown in Fig. 19, several 10-millisecond scans occur
before the transition from on-hook to off-hook is noted;
however, during this period in which no tramsition oc-
curs, a 100-millisecond timing scan and a 100-millisecond
supervisory scan occur. The 100-millisecond supervisory
scan finds the Scanner in the “0” state, the L1 spot in the
“1” state and the L2 spot in the “1” spot to indicate that
this Originating Register is being served by the 10-milli-
second dial pulse scan and action under the 100-milli-
second supervisory scan is to be ignored. The 100-
millisecond timing scan which occurs within a small
period of time of the 100-millisecond supervisory scan
successively interrogates the Al spots in the Originating
Registers. If, as in the case of our illustrative call, the
Originating Register Al spot is in its “1” state, the AIT
spot in that Register is read. If, as in our case at time
T6, the AIT spot is “0,” it is changed to read a “1” and
succeeding Originating Registers are served. If the AIT
spot is equal to 1, a time-out has occurred and a more
complex sequence, which will be explained in detail at
the end of the first digit, must be followed.

Common Conirol actions with regard to other calls in
the system and with regard to 10-millisecond scans of
our calling line occur between time T6 and recognition of
the transition from on-hook to off-hook at time T7.

As in preceding dial pulse scans, the Al spot is read
and if it equals 0, the program advances to the next
Originating Register. However, at time T7, having
found the Originating Register activity spot in the *1”
state, the Access Register 1150, as indicated in Fig. 27,
is set in accordance with the originating line equipment
spots in.the Originating Register -and subsequently the
Scanner Address Register 420 is set in. accordance with
the originating line equipment number.

The states of the Scanner and the Last Look spot are
compared. Had a match condition occurred as in the
several preceding cycles, the program would have trans-
ferred to serve other lines. However, since the state of

_the Scanner and-the Last Look spot do not agree, the

70

Last Look spot must be read. to determine whether the

_transition -is from off-hook to on-hook or vice versa.
65-

The Last Look spot is read and found to equal “0”
therefore, this is a transition from_ on-ho.ok‘ to off-hook
and, although actions- with respect to .timing must be

. undertaken, the pulse counter will not be incremented.

- A “1” is written in the Last Look spot as insiicate:d
in Fig. 28, to bring it up to date-and a “0” is writlen In

_ the AIT spot of the Originating Register to recycle the
- interdigital timer. .

75

For several succeeding dial pulse scans. between tin}f:s
77 and T8, no change in supervisory state of the calling

_subscriber’s -line will be noted and each time Common
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Control will advance to serve other lines without any

action with regard to the particular line of our example.
At time T8, the Scanner is addressed to the calling
subscriber’s line and its state compared with the Last
Look spot in the Originating Register. At this point a
mismatch is found and interrogation of the Last Look
spot indicates a transition from off-hook to on-hook to
mark the beginning of the second dial pulse, A “0” is

written in the Last Look spot to bring it in accordance -

with the Scanner; a “0” is written in the AIT spot to
recycle the interdigital timer; the pulse counter is incre-
mented by 1 to record the second dial pulse; and the dial
tone spot is read to determine whether or not this is the
first dial transition. Having found the DT spot in the
Originating Register in the “0” state, it is indicated that
the "dial tone connection has been destroyed and that
actions with regard to this call may proceed.

Between times T8 and T11, the action described with
respect to the period of time immediately after time T3
and time T7 is repeated. During this period many 10-
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15

20

millisecond dial puise scans interrogate the calling line -

-without noting any change until time T10, at which time
an on-hook to off-hock transition is noted and actions
similar to those at time T7 are completed. Also at time
T9, as at time T6, a 100-millisecond supervisory scan
and a 100-millisecond timing scan are employed as pre-
viously described.

With reference to Figs. 19 and 29, the calling sub-
scriber’s line will be interrogated several times by the
10-millisecond dial pulse scan without noting any change
from the last reccrded off-hook condition. At time T11,
the 100-millisecond supervisory scan will occur and, as
previously indicated, with the Al spot of the Originating
Registering in the “1” state, the results of the supervisory
scan will be ignored. Also at a point in time near T11,
a 100-millisecord timing scan will occur, at which time
the Al spot of the Originating Register serving our call-
ing line will be found in the “1” state. Accordingly, the
AIT spot of this Register will be read and, if found in
the “1” state, a time-out is indicated ‘as will be-shown
later; however, assuming the AIT spot to be in the “0”
state, action is taken to write “1” in the AIT spot and
then proceed with other necessary system actions.

" Interdigital time-out and recording first dialed digit

Succeeding 10-millisecond dial pulse scans and super-
visory scans occur at times between T11 and T12; at
time T12 a 100-millisecond interval timing scan occurs.
At this time, the Al spot is in the “1” state and the AIT
spot is in the “1” spot, indicating that a dial transition
has not occurred since the last 100-millisecond interval
scan. Accordingly, the Last Look spot is read to dis-
tinguish between an abandoned call and an interdigital
time-out. If the Last Look spot was in the “0” state, this
would indicate an abandoned call and action would be
taken to destroy the attendant concentrator connection,
to restore the L1 and L2 of the calling line and to
release the 0ri°inating register. Since the Last Look
spot is found to be in the “1” state, an interdigital time-
out is indicated.

Calls to the operator are detected by examining the
first digit to determine whether it is “10” or other than
“10.” If the first digit is “10,” a call to the operator is
indicated and a sequence must be originated to establish
a connection through the Distribution Network between
the calling subscriber and the operator. However, if as
in the illustrative call the first digit is other than “10,”
action must be taken to transfer the information in the
pulse counter to the proper digit storage slot in the origi-
nating Register, to update the digit location counter so
that the mext digit stored in the pulse counter will be
properly transferred and to reset the pulse counter in
preparatlon for the next digit.

In this instance, the first digit is moved from the pulse
counter to digit slot 1 and the pulse counter is reset to
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“0.” The digit location counter is incremented by 1 to
indicate that the next digit reglstered in the pulse counter
will be the second digit, a “6” is written in the AIT spot
to recycle the imterdigital timer, and a “0” is written in
the O-PSPD spot to reset the permanent signal partial
dialing timer,

Recording second and third dzgzts

The second and third digits are detected under the
10-millisecond dial pulse scan, as was the first digit, and
are sequentially moved to the respective dlglt storage
slots. No evaluation of the dialed digits is necessary
after the second digit as operator calls have already been
distinguished and service codes require three d1g1ts

Action after third digit is registered (Fig. 31)

At the end of the third digit, action is undertaken-to
determine whether the dialed call is to be an mtraofﬁce,
an interoffice, or a service code call. After the first
three digits are stored in their respective digit slots,
these codes are evaluated ‘and grouped as follows: I
the codes in digit slots 1 and 2 are both equal to 1, -a
service code call is indicated; if the codes in the first,
second and’ third digit slots are equal to 2, 3 and 4,
respectlvely, an intraoffice call is indicated; if the codes
in the first three d1g1t slots are other than 11X or 234,
an interoffice call is indicated and further evaluation to
determine the office of destination must be undertaken.

In our illustrative call, the first, second and third digit
slots are found to contain the digits 234, denotmg an
intraoffice call. Accordingly a “0” is written in the OGC
spot of the Originating Register. Having made this
determination, the succeeding “digits 4 through 7 are
counted in the Originating Register Pulse Counter, as
were digits 1, 2 and 3, and subsequently stored in digit
slots 4 through 7, respectively. Upon the completion
of dialing, an interdigital time-out occurs and the digit
location counter reaches the count of 6, indicating that
d1a1mg is completed Accordingly, at time T13 'a “0”
is written in the Al spot of the Originating Register to
stop action under the 10- -millisecond dial pulse’ scan.

Code.compression translation of called dzrectory number
(Fig. 32)

The last four digits of a called directory number are
encoded in binary form, digit by digit, which is .a nomn-
economical coding scheme. -Accordingly, before pro-
ceeding to obtain the equipment number of the called
subscriber, the eight-code bits comprising the fourth and
fifth digits and the eight-code bits comprising the sixth
and seventh digits are processed to obtain more economi-
cal seven-bit codes representative of these dlglt groups.
The seven-bit code obtained from compression of digits
4 and 5 is the Flying Spot Store X address of the directory
number to equipment number translation area of the

-called subscriber, and the seven-bit code obtained from

the compression of the digits 6 and 7 is the Flying Spot
Store Y address of the diréctory number to equipment
number translation area for the called subscriber.

The code compression is achieved through a transla-
tion obtained from the Flying Spot Store. The code
compression translation area starts at the Flying Spot
Store Y address 33 and X address 33. The last fourtéen
cells of the access register 1150 are set to initial condi-
tions such that cell groups 19 through 25 and 26 through
.32 each have the value 32, thereby establishing an address
which lies just outside the lower left hand corner of
the code compression translation area. The particular
horizontal row and vertical column in the codé com=
pression area to be addressed is determined from the
codes of the fourth and fifth or sixth and seventh digits
of the called directory number, depending upon which
group of digits is to be compressed. The directory num-
‘ber groups are employed to modify the.base. address
stored in the access register, The X address in ¢ells
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A9 through 25 of the access register is' modified so that
-cells 22 through 25 are set in accordance with the value
of the fourth digit and the Y address is modified so that
cells 29 through 32 have the value-of the fifth digit.
‘Accordingly, the Flying Spot Store will be addressed to
an X address which is removed from the base address of
32.32 by a number of columns equal to the value of
the fourth digit and to a Y address removed from the
‘base address of 32.32 by a number of horizontal rows
equal to the value of the fifth digit. The Flying Spot
Store is directed to the modified address and in the case
‘of the translation of the fourth and fifth digits the com-
pressed code is obtained from Flying Spot Store informa-
tion channels 3 through 9 and in the case of the com-
pression of the sixth and seventh digits, the compressed
code is-obtained from information channels 10 through
16. - Separate translations are required since the directory
number to line equipment number translation area in the
Flying Spot Store starts at a point at which the X and
Y -addresses are different.

The directory number to line equipment number trans-
Jation area shown in Fig. 18 is arranged so that the
horizontal rows each represent a group of 100 lines
arranged by directory number and the vertical columns
represent the particular line within the row. For ex-
ample, the translation area for the directory number
:1209 is found in the twelfth row and ninth column from
the base address of the directory number to line equip-
ment pumber translation area.

Scan of Recent Change Registers (Fig. 33)

Before proceeding to the directory number to line
equipment number translation area in the Flying Spot
Store, the Recent Change Registers in the Barrier Grid
Store must be checked to determine whether or not the
called subscriber has had equipment or directory num-
ber changes since the directory number to equipment
number translation plates have been brought up to date.

The first fourteen spots in each Recent Change Regis-
ter- contain a fourteen-bit Flying Spot Store address as
'was obtained from the previously -discussed code com-
pression operation.. The - fourteen-bit code, resulting
from the above-déscribed translation and stored in the
first Memory Register 902, is transferred to the Memory
and -Match Register 743, The first fourteen spois of the
first Recent Change Register are comipared with the codes
in the Memory and Match Register and, if these codes
match, the directory number to line equipment number
translation is obtained by interrogating the last eighteen
spots of the matching Recent Change Register. If a mis-
match occurs between the address in the first fourteen
cells of the first Recent Change Register and that in the
Memory and Match Register, succeeding Recent Change

Registers are scanned until either a match has been

found or all of the registers have been checked.: Once
all registers have been checked, we proceed to the Flymg
Spot Store address obtained by the code compression
‘translation. Accordmgly, the Flying Spot Store trans-
fers to the XY address'in cells 1 to 14 of the first Memory
Register and the first eighteen cells of the Access Register
are set in accordance with the translatlon word obtained
at that address.

The- elghteen bit translation Word comprises the twelve-
bit equipment number of the called subscriber and six
coded bits which define the class of service of the called

-subscriber and the appropriate ringing tone to be used.

. The table in Fig.. 33 shows the coding of the afore-
mentioned six bits and the  indications obtained there-
under. - Where an X is shown in the table, the bit may
assume the value “0” or “1.”

" Although only six ringing codes and a limited num-
ber of classes of subscribers have been shown, it should
be understood that the class and rmgmg bits may- be
coded to provxde additional classes in this area of infor-
mation.
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The class and ringing code bits 1 through 6 are evalu.
ated by first reading the sixth bit. If the sixth bit equals

1, the called- directory number is a vacant number and

the program proceeds to connect the calling party -to
the no such number tone. -If the sixth bit equals 0,
the line. is not vacant and the fifth bit must be read to
distinguish between individual line subscribers and - party
line subscribers. If the fifth bit equals 1, the call is to
an individual line subscriber and the program proceeds
to test for busy and to establish the proper ringing con-
nections. If the fifth bit is equal to 0, the called sub-
scriber is on a party line and a test must be conducted
to determine whether this is a reverting or a nonrevert-
ing call.

In a reverting call, the equipment numbers of the
originating line and the called line will be the same as
both subscribers’ lines ferminate at one equipment loca-
tion. Accordingly, to lest for a reverting call, the
originating line equipment number is moved to the
Memory and Match Register 743 and a comparison is
made between the called line equipment number which
is still in the Access Register and the contents of the
Memory and Match Register. If a match is obtained,
a reverting call is indicated and a special procedure to
permit- a connection to a busy line and to ring both the
calling and- called parties must be undertaken.

If, as in our call, a mismatch is detected, a non-re-
verting call is indicated. The twelve-bit calling line
equipment number and the three-bit ringing code stored
in the Access Register are moved to the Originating
Register digit slots 3, 4, 5 and 6 for future reference.

Busy test of called line (Fig. 34)

The line spots of the called party are read to deter- -
mine whether the called subscriber’s line is idle or busy.
If the L1 spot is in the “1” state, the subscriber is either
in the talking condition or is denied service, These
two conditions are distinguished by reading the L2 spot.
If the 1.2 spot equals 1 while the L1 equals 1, the called
subscriber is denied service and the calling party is con-
nected to the intercept operator.

If the L1 spot is “0,” the called subscriber’s -line is
either .idle or being served by Common Control and
these states are distinguished by reading the L2 spot of
the called line. If the 12 spot is equal to “1” while the
L1 spot is equal to “0,” the called line is served by
Coinmon Control and accordingly is busy. If both the
L1 and L2 spots equal “0,” the called subscriber’s line
is idle and may be seized by writing a “1” in its L2 spot.

After the called line is seized, the A spot of the Net-
work Register is read to determine whether the Net-
work is idle or busy. If the A spot is equal to “0,”
the Network is idle and may be seized by writing a “1”
in the N--A spot. _

Ringing connection

We are now ready to establish the ringing connection
shown in Fig. 51B, including the conmnection through
the concentrator between the called subscriber and a
trunk to the B side of the Distribution Network. The
called subscriber’s line is marked at the concentrator
by setting the Line Selector Register 436 in accordance
with the twelve-bit digit slots called line equipment num-
ber in the Originating Register digit 4 through 6. The

5 Concentrator Network Control Register 516 is set to the

Connect B order and the Concentrator Network Se-
quence Control 282 proceeds to send a check signal to
Common Control; establish a connection between the

-called line and -an idle trunk to the B side of the Net-

work; set the Concentrator Identifier to the Distribution
Network address-of the trunk which is connected to the
called subscriber; and the OPS 'and OPE signals are
transmitted to Common Control to signify successful
‘completion of the current job in the Network. As previ-
ously” descrited and indicated in Fig. 36, Common Con-
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trol from time to timé checks for completion of the Net-
work job and, having detected this completion, checks
for an Operation Successful signal. If the Operation
Successful is present, Common Control proceeds to per-
form other necessary actions with: regard to our illustra-
tive call.

As in the case of prior actions by Common Control,
the Flying Spot Store address to which a transfer is to
be made upon completion of the Network job is set in
the Network Register at the N-NPA spots and then
Common Control proceeds with other necessary orders.

Scan for idle ringing supply (Fig. 36)

The Ringing Concentrator 204 has thirty-two - input
trunks arranged in four groups. Each group comprises
six ringing tones, induction tone and one supervisory tone,
These tones are arranged in groups of eight. The ring-
ing induction tone is the first line in each tone group and
is followed by the six ringing tones and the supervisory
tone. Accordingly, ringing induction is at lines 1,9, 17,
25; the first ringing tone at lines 2, 10, 18, 26, et cetera.
The trunk side of the Ringing Concentrator has four
trunks connected to the A side of the Distribution Net-
work and four trunks connected to the B side of the
Distribution Network. :

As in the case of a dial tone trunk, the T3 spots in
the Barrier Grid Store associated with the ringing sources
are read until an idle trunk is found as denoted by the
T3 spot being in the “0” state. The idle ringing supply
is seized by writing a “1” in its T3 spot.

The equipment number of the seized tinging tone
source is obtained by transferring the Flying Spot Store
to the address corresponding to the Barrier Grid Store
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address. of the seized ringing supply T3 spot. At this

Flying Spot Store address we obtain a twelve-bit ad-
dress which comprises seven bits to identify the Ringing
Concentrator number, two bits to define the particular
ringing supply number and three bits to define the par-
ticular tone of the ringing supply. In each case the
equipment number obtained from the translation area is
the address of the ringing induction tone of the seized
tone source. The selector address of the ringing induc-
tion tone is stored in the Access Register and then trans-
ferred to the Line Selector Register to mark the -induc-
tion tone of the seized ringing supply.

The twelve-bit line equipment number of the seized

ringing induction tone is gated to the second Memory

Register 903 and the concentrator identifier output is
gated to the first Memory Register 902 for future refer-
ence. The concentrator identifier output is the equip-
ment number of the trunk connected to the called line.
"The Concentrator Network Control Register 516 is set
to the Connect B condition to provide a transmission path
between ringing induction tone and a trunk to the B
side of the Distribution Network. After this connec-
tion is established, the calling party will receive ringing
induction. The Network actions necessary to establish
the desired conmnection proceed independently of the
other Common Control operations with respect to other
calls and, upon compiction of the subject Network job,
Common Control checks for an Operation Successful
signal from the Concentrator Sequence Control. Hav-
ing received an Operation Successful signal, the Distribu-
tion Network- B Trunk Selector Register 540 is set in
accordance with the concentrator identifier output to
mark the B side of the Network at the address of the
trunk connected to the ringing induction tone.

The address of the trunk connected to the calling sub-
scriber is obtained by storing the first eleven bits of the
equipment number of the calling line, as obtained from
the originating line equipment spots in the Originating
Register, in cells 19 through 29 of the Access Register
and modifying this equipment number in accordance with
the concentrator level information from the Originating
Register. The concentrator level number is read into
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cells 26 through 29 in the Access Register and the modi-
fied eleven-bit address defines the selector address of the
trunk connected to the calling subscriber. The Distribu-
tion Network A Selector Register 539 is set in accord-
ance with the modified code in cells 19 through 29 in the
Access Register to mark the trunk connected to the call-
ing subscriber- and the Distribution Network Control
Register 538 is set to the Connect order to establish a
transmission path between the calling party and tinging
induction tone. _

Upon successful completion of the aforenoted - Net-
work connection, the Access Register cells 19 through
30 are set in accordance with the line selector address
of the seized and connected ringing induction: tone as
obtained from the second Memory Register 963. The
last three bits of this address are set in accordance with
the ringing code information of the called subscriber
which is stored in digit cell 7 of the Originating Regis-
ter. The first seven bits of the address in- the Access
Register identify the particular ringing concentrator
switch, the eighth and ninth bits identify the ringing
supply, and the last three bits define the particular tone
of that ringing supply. The Line Selector Register 436
is set in accordance with the modified address in cells
19 through 30 of the Access Register to. mark the ring-
ing concentrator at.the desired ringing tone source.

The Concentrator Network Control Register is set
to the Connect A condition and the Concentrator Se-
quence Control proceeds to establish a path in the ring-
ing concentrator from the desired ringing code to a con-
centrator trunk to the A side of the Distribution Net-
work.

Upon successful completion of this concentrator ac-
tion, the Distribution Network A Selector Register 539
is set in accordance with the concentrator identifier out-
put to mark the Distribution Network at the A side ad-
dress of the trunk connected to the desired ringing tome.
The Distribution Network B Selector- Register is set in -
accordance with the address in the first Memory Regis-
ter to mark the Distribution Network at the trunk which

. is connected to the-called subscriber and the Distribution
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Network Control Register is set to the Connect condi-
tion. The Distribution Network Sequence Control then
proceeds to establish a transmission path between. the
called subscriber and the trunk connected to the desired
ringing tone. -

The ringing connections shown in Fig. 51C compris-
ing a transmission path between the calling subscriber and
ringing induction tone and between the called subscriber
and the desired ringing tone required to signal that sub-
scriber are completed and steps must be taken to detect
the called party’s transition from on-hook to off-hook in-
dicating an answer to the call, - :

Scanning of called line fér answer

The ringing connection between ringing tone and the
called subscriber line is completed at time T13 shown in
Fig. 19 and shortly thereafter as shown in Fig. 41 steps
are taken to transfer control of the call from the Originat-
ing Register to the Ringing Register. Accordingly, the
activity spots of the Ringing Registers are successively
interrogated until an activity spot has been found to be
in its “0” state, thereby indicating an idle register. Hav-
ing found an idle register, a “1” is written in the Ringing
Register activiiy spot to seize the Register; the equipment
number of the called line spots, as obtained from the
Originating Register, is written in the R—~CDE spots in
the Ringing Register; and the Distribution Network ad-
dress of the trunk which is connected to ringing tone, as
obtained from the Distribution Network A Identifier out-
put, is set in the R—RTE spots of the Ringing Register.

The calling line is placed in the talking condition by
writing a “1” in its associated L1 spot and a “0” in its
1.2 spot and the Originating Register is released by writ-
ing a “0” in the O-A1 and O-AZ2 spots of the ‘Originating
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Reglster We have now reached time T14 in Fig. 19 and
at this point the ngmg Regrster is in control of this. ca]l
and the Originating Reorster is free for other use.

.’ Detection of an Answer (Fig. 42)

Shortly after time T14, Common Control arranges to
scan the called line to detect an answer. ~The activity
spots of the Ringing Registers are sequentially scanned
and if an act1v1ty spot is-in the “1” state, action is under-
taken to interrogate the called line to detect changes in
supervrsory state. The twelve-bit called line equipment
number is moved frorn the Ringing Register CDE spots
to the Access Reg1ster and thence to the Scanner Address
Reglster The scanner is read at the address of the called
lme and if the called hne is-in the “0” state, the hne is
proceeds " The answenng ‘scan Occurs once every 10 nnlh-
seconds; therefore between the time ringing is initiated
and the time an answer is detected many scans will have
found the called line in the “0” state. If the called party
does not answer wrthm three minutes, the ringing con-
nectlon w111 be broken the calling party will be notified
and all connections destroyed The answenng timer com-
prises the R-TA0 and R-TA1 spots in a Rmcrng Regis-

- fer. At thrce-quarter mmute intervals, a scanning pulse
changes the states of the TAQ and TA1 spots-as though
they in combrnatron comprise a two-bit pulse counter.
Accordlngly, at the end of four three-quarter minute pe-
riods, the counter has been reset to its "0 “0” state and
timing is complete :

If, however, as at time T16, the scanner ﬁnds the called
line in the off-Hook state as mdrcated by the scanner being
in its “1” state, action is undertaken to break down the
ringing connection; to estabhsh a talking cennection as

shown in Fig. 51C; to set the called line in the talking

s condmon, and to release the angm‘7 Register.”

" The Network activity spot is interrogated and if N-A
equals zero, we write a “1” in the N—A spot to seize the
Network; and a 17 in the L1 spot and 2 “0” in the 1.2
spot of the called.line to put the called line in the talk-
ing condition and proceed to set addresses in the Coa-
centrator and Network to effect release of the ringing
connections.

“The Concentrator Release Selector Register 429 and
the Drstrrbutron Networh A Trunk Selector Register 539
are set in accordance with the address of the trunk which
is’ connected to the rrngmcv tone. This address is obtained
from the R~RTE spots in the Ringing Register. - By this

_action the ‘trunks to be released are marked with distinc-
tive potentials.

Next the Concentrator Networlr Control Register is set
to the release order and the Distribution Network Control
Register 538 is set to the Release B condition. -

It should be noted that, as indicated in Fig. 42, orders
have been transmitted sxmultaneously to the-Distribution
Network and the Concentrator Network and these actions
may proceed in parallel independent of each other.” The
N-NPA spois are set in the Network Register as in ail
prior Network actions and while the Network completes
its current job, Common Control proceeds with other
]obs awaiting action.

" Both the Concentrator and the Distribution Network
as shown in Frg 43 trapsmit check signals back to Com-
~ mon Control acknowledgmg receipt of an order, the Con-
centrator releases the commection between ‘the ringing
tone. and the Distribution Network, the Distribution Net-
work’ releases the connection between the trunk which is
connected to ringing and the trunk which is connected to
the called party and sets the Distribution Network B Iden-
tifier to the address of the trunk which is connected to
the called line.
- Common Control detects completion of the above Net-
work ]ob and then proceeds to check both the Concen-
trator and Dlsmbutlon Network Operation Successful
memones o ensure completron of both tasks.

- 88
Upon. completion of thrs Network job, the contents
of the B Network Identifier are moved to the third
Memory Register 964 for future reference and the ad-

" dress of the ringing concentrator trunk connected to

[}
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ringing tone is set in the Access Register 1150. The con-
centrator- trunk address is obtained from the Concen-
trator Identifier. The address of the trunk connected to
ringing tone and the address of the trunk connected to
induction tone are related in-that there is a one-to-ome
relation between the concentrator trunks to the A side
of the Network and the trunks to the B side of the Net-
work. ‘When the ringing connections are established, the
induction tone is first marked and the first idle trupk to
the B side of the Network is connected to induction tone
upon the oceurrence of a Connect B order. The desired
ringing tone is then marked and the first idle A trunk
is connected to this ringing tone. The A and B trunks
are always scanned in numerical order and since ringing
trunks are always used in pairs, the same numbered
trunks in the A and B groups will be employed on a call.
In the ringing concentrator trunk address, the first seven
bits identify the particular concentrator switch, the eighth
bit determines whether the trunk is in the A or B trunk
group, and the remaining three bits identify the particu-
lar one out of four trunks in the case of the ringing
concentrator or the one out of five trunks in the case
of a line concentrator. Accordingly, the address of the
trunk connected to the ringing tone is modified by writ-
ing a “1” in the eighth bit of the Access Register to
cbtain the address of the trunk connected to induction
tone. A “0” in the eighth bit indicates that the trunk lies
in the A trunk group and a “1” that the trunk lies in the
B trunk group. ’

“"The Concentrator Release Selector and the Distribu-
tion Network B Selector Registers are set in accordance
with the-modified address in the Access Register to mark
the -Concentrator and Distribution Network trunks to
be released. . The Concentrator Control Register 516 is
set to the Release condition and the Distribution Network
Control Register 538 is set to the Release B condition.
Again; Concentrator and Distribution Network actions
proceed in parallel to release the concentrator connection
between induction tone and the trunk comnected to the
calling party and to release the Distribution Network
connection between the trunk connected to the calling
party and the trunk connected to ringing induction. Both
Concentrator and Distribution Network A and B Identi-
fiers -are set in accordance with the addresses of the re-
leased trunks and both Concentrator and Distribution
Network Operation Successful and Operation Ended sig-
nals are transmitted to Common Control, '

After release of the ringing connection is ordered,
steps are taken to restore the T3 spot of the ringing tone
source to its idle state so that it may be employed on
subsequent calls.

A check is made from time to time to detect comple-
tion of the Network jobs and. then checks are made to
epsure that Operation Successful signals have been re-
ceived. -

Establishment of talkmg connection of Fig. 51C (Fig. 45)

" We are now in a position to mark the trunks con-
nected to the calling and called lines to establish a talk-
ing connection through the Distribution Network. The
Distribution Network A Selector Register is set in- ac-
cordance with ‘the Distribution Network A Identifier
output to mark the trunk connected to the calling line
and the B Selector Register is set in accordance with the
cortents of the third Memory Register to mark the trunk
connected: to the called Jine. - The Distribution Network
Control Register is set to the Connect condition and
actions within. the Distribution Network Sequence Con-
trol proceed to- establish .the desired path through .the .
Distribution Network, As in all other Network actions,
the. Network Register NPA spots are set to the Flying
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Spot Store address to which a transfer is to be made
upon completion of the Network job and Common Con-
trol proceeds with its other necessary tasks awaiting an
indication that the Network job is completed. The re-
ceipt of the Operation Successful signal from the Dis-
tribution Network indicates that the desired talking con-
nection is established and that the Ringing Register may
be released. Accordingly, we write a “0” in the activity
spot of the Ringing Register.

Detecting a disconnect signal (Fig. 46)

The parties are now talking and Common Control may
proceed with other tasks; however, as indicated at the
beginning of this discussion, the supervisory scan of lines
and trunks proceeds to interrogate each line and frunk
once every hundred milliseconds. Both the calling and
called lines are scanned for changes in supervisory state
and actions with respect to line transitions are all treated
in a similar manner as once the talking connection is
established, the system does not have an indication as
to which party originated the call. The L1 spot and the
scanner are simultaneously interrogated and, if a match
condition exists as would be the case during the talking
period, Common Control proceeds to scan succeeding
lines and trunks, Many supervisory scans will be per-
formed without detecting a change in supervisory state;
however, at time T17 the L1 spot is read and the scanner
read and a mismatch detected. The scanner signal is
found to be a “0” indicating a possible disconnect. To
differentiate between a disconnect signal and a super-
visory transition on a line denied service, the 12 spot is
read. If the L2 spot equals “1,” the transition is on the

line of a customer denied service and no further action .

need be taken; however, if the L2 spot equals “0,” a
sequence must be undertaken to destroy the paths through
the Distribution Network and both line concentrators.
The Disconnect Registers are sequentially scanned wuntil
an idle register is indicated by its activity spot being in
the “0” state. Havng found an idle register, as shown
in Fig. 47, we write a “1” in the activity spot to seize the
register.

A timing sequence is initiated to enable Common Con-
trol to distinguish between hits on the line and an actual
disconnect signal from a subscriber. If the on-hook con-
dition persists for more than 400 milliseconds, it is con-
sidered to be a disconnect and not a hit on the line. Tim-
ing is accomplished through the two-bit timer in the Dis-
connect Register comprising spots D-TA and D-TB.
Disconnect timing is initiated by writing a “1” in the
D-DT spot. In addition, the scanner address of the line
indicating a disconnect request is written in the EN spots
of the Disconnect Register for future reference and a “0”
is written in the TA and TB spots to reset the timer.

Common Control proceeds with necessary tasks with
regard to other lines and trunks in the office and at 100-
millisecond intervals makes a disconnect timing scan of
the Disconnect Registers in which the DT spot in each
Disconnect Register is read and, if this spot equals “0,”

the scan proceeds to the succeeding Register; however, if

the DT spot equals “1,” the TA-TB counter is incre-
mented by 1. On succeeding timing scans, the TA and
TB counter is further incremented until on the fourth
scan it is set to the “0”-“0” state indicating completion
of the disconnect interval time-out. Accordingly, this
line transition is treated as a disconnect request and not
as a hit on the line.

‘The scanner address of the line indicating a disconnect
is evaluated, as indicated in Fig. 49, to distinguish lines
connected to concentrators from unconcentrated trunk
groups. This is possible as the numbering of concentra-
tor trunks and unconcentrated trunks is maintained in an
orderly fashion. If it is indicated that a concentrated
line is requesting the disconnect sequence, the Concen-
trator Line Selector Register is set to the scanner address
of the line indicating a disconnect t0 mark the line in
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preparatlon for a trace order. The trace order is em-
ployed to determine the Distribution Network address of
the trunk connected to the disconnecting line. The Con-
centrator Control Register is set to the Trace condition;
the concentrator sends back a check signal to Common
Control, proceeds with the sequence to set the Concen-
trator Identifier to the address of the desired trunk, and
sends back OPS and OPE signals to Common Control.
In the meantime, the Flying Spot Store address to be re-
turned to upon completion of the Network order is set in
the NPA spots of the Network Register and the X address
of the Disconnect Register is set in the RAD spots of the
Network Register. Common Control proceeds with oth-
er necessary tasks and from time to time checks for com-
pletion of the current Network job. Having found a
Complete signal, Common Control checks for an Opera-
tion Successful indication and, having found ome, pro-
ceeds with steps to release the concentrator comnection
to the line requesting a disconnect and release of the Dis-
tribution Network transmission path connected to the line
requesting the disconnect.

The Concentrator Release Selector Register is set to the
address stored in the Concentrator Identifier and the
eighth bit of.this address is read to determine whether
the subject trunk is connected to the A or B side of the
distribution Network. If the eighth bit equals “1,” the
trunk is connected to the B side of the Network; if the
eighth bit equals “0,” the trunk is connected to the A side
of the Network. In our example, having determined that
the trunk terminates on the A side of the Network, the
Distribution Network A Selector Register is set to ‘the
address found in the Concentrator Release Selector Regis-
ter to mark the trunk to be released. The Concentrator
Control Register is set to the Release condition and the
Distribution Network Control Register is set to the Re-
lease A condition to initiate simultaneous but independent
sequences within the concentrator and Distribution Net-
work circuitry to.destroy the identified connections. Both
the concentrator and Distribution Network send check .
signals to Common Control; the concentrator releases the
connection to the disconnecting party, sets the Concen-
trator Identifier and transmits the OPS and OPE signals
to Common Control. The Distribution Network releases
the connection to the designated trunk, sets the A and B
Identifiers and transmits OPS and OPE signals to Com-
mon Control, As in preceding Network operations, Com-
mon Control from time to time interrogates Network
responses to detect completion of the current job and,
having found an indication that the job is complete, checks
for Operation Successful indications. from both the Con-
centrator and the Distribution Network.

One connection now remains between the B side of the
Network and the party connected thereto through the
Concentrator. - Since not all calls, for instance trunk
calls, operator calls and so forth, will be completed
through line concentrator switches, steps must be taken’
to distinguish trunks to concentrated lines and trunks to
unconcentrated lines. Again this determination is made
by evaluation of trunk addresses which are maintained
in a consistent fashion in accordance with identifying
assignments. In the instant case it is indicated that the
trunk yet to be released is connected to a concentrated
line; accordingly, the Concentrator Release Selector Reg-
ister is set to the address found in the Distribution Net-
work B Trunk Identifier and the Concentrator Control
Register is set to the Release condition. The Network
proceeds to release the connection to the marked trunk,
to set the Concentrator Identifier and to transmit Opera-
tion Successful and Operation Ended signals back to
Common Control.

Upon receipt of an indication that the Network job is
successfully completed, we write a “0” in the L1 spot of
the line requesting a disconnect to release that line and
the Disconnect Register is released by Wntmg a “0” in the
D-Aand D-DT spots,
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... As a supervisory scan of lines and trunks-proceeds, the
subscriber’s line connected to the Concentrator trunk
which was last released will go from the off-hook to on-
hook condition when the subscriber completes his call.
At this time a 100-millisecond supervisory scan of this line
will find the line in the “0” state and, in the course of the
disconnect sequence, will perform a trace operation to
determine the address of the trunk connected to the-line
requesting a disconnect. At this point it will be deter-
mined that a connection through the Concentrator does
not exist and the L1 spot is res‘=t to its. “0” state to'release
the hne
Inter oﬁice “calls

Interoffice cails may be either outgomg from the local
oﬂice of the applicants’ invention or incoming thereto and
in either case the connection between the local oiffice and

the distant office or operator is-through:the two-way

trunks such as 314 and 315.  Detailed sequence charts
for the interoffice calls are not provided and the discus-
sion -of these calls is in' the terms of the intraoffice
sequence cnaﬁs with the necessary modifications.

Outgoing calls. (sz 52)

Interoffice. and intraoffice calls proceed in an ideatical
manner up to'the point in Fig. 31 at which the codes in
the: first, second and third digit slots of the originating
register are evaluated to determine the destination of the
call. - As shown at the middle of Fig. 31, the codes in the
first, second and third digit slots are: evaluated and, if
~ these codes are found to: be other: than the local office
. code of 234 or one of the service codes of the form 11X,

an inieroffice call is indicated. - Upon: the cccurrence of
an interoffice call, the information in the first, second and
third digit slgts is furtheér evaluated to determine the iden-
tity of the distant office. -In the case of an interoffice call,
a “1” is written in the OGC spot in the Originating Reg-
ister rather than a “07 as in the case of an intraoffice cail
and a code representative of the distant office is written
in digit slot 3 of the Oﬂginating Register for future refer-
ence. Upc»n completion ‘of these - ‘Operations which in
effect comp, ise o memoranduin - to the system that an out-
going call is in progress, the action proceeds as in the case
of an intraciiice call until after the seventh digit has been
counted, stored, and a “0” has been wriften in the Al spot
of the Criginating Register to stop the 10-millisecond dial
pulse scan of the calling subscriber’s line.
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" At this point the OGC spot is read and, if found to be

" in the “1” state, an interofiice call is mdxcnted “In the
event of other than an intraoffice call, referénce is made
1o information stored in digit slot 3 of the Originating
Register.  In the case of ‘a service ‘code call, action to
establish ‘2 confiection is taken after the first three digits
have been recorded.  The information in digit slot 3 is
the X portion of that service code and identifies the par-
ticular serv-ice code trunk-to which the call is to be con-
nected. In the case of ‘an’ interoffice-call, as previously
mentioned, a code representative of the partxcular dzstant
office was stored in digit slot 3.

Having detected an interoffice call; the T3 spots asso-
ciated with the particular trunk -group indicated by the
code in digl: slot 3 are searched until an idle trunk is
féund at which time the idle T3-spot is set to its *“1”-state
{0 seize-the trunk and the lfiyv;ng Spot Store is addressed
to the storage area having the same address as the Barrier
Grid Stote address of the seized T3 spot. This Barrier
Grid: Sicre address is all written m the ﬁlSt Memory
Register for future reierence. =7 -

Outpuising Regisiers are scauned until an idle Reglsterr

is found, at ‘which’ time a “1” is written in 1t activity spot
to seize the Regisier. * Having seized an idle Outpulsing
Register, the fourth, fifth, sixth and seventh digits stored
in thc Originating Register ‘are moved to the pulse counter
and the first, s’eéoad and  third ‘digit slots in-the Out-
pulsing Register, respectively; a “07 is written: in' the
L=PTA and DLC spots; a “1” is written in the TTA spot
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and “0011” is- written in the TA, TB, TC and TD spots.

We must now make two translations, the first to obtain
the Distribution Network equipment number of the seized
two-way trunk, and the second to determine the trunk
signaling selector address of .the outgoing trunk. The
Distribution Network equipment-number is obtained at
the .translation area address corresponding to the Barrier
Grid Store address of the seized trunk T3 spot and. the
latter is obtained at a Flying Spot Store address one quad-
rant upward from the previously menticned translation
area. The address of the first translation area may be
obtained from the first Memory Register area which was
stored for reference at this time. The trunk translation
areas are shown on Fig. 18 at the upper right hand corner
of the storage area. The Distribution Network address
of the trunk is-written in the Outpulsing Register at the
L-TE spots and the trunk signaling selector -address is
stored in the 1-TSN spots. The conditions are now
established for initiating outpulsing of the station code of
the distant office.

The Outpulsing Registers are mterrocated at S-millisec-
ond and at 50-millisecond intervals to -accomplish the
necessary timing functions. In outpulsing, four basic
times must be established, namely: (a) A seizure period
of -at least 150 milliseconds must precede the first dial
pulse; (b) a pulse period of 55 milliseconds; (¢) an inter-
pulse period of 45 milliseconds; and (d) an interdigita_l
pericd of 600 milliseconds. Timing of these intervals is
accomplished throngh the four-bit timer spots TA, TB,
TC and TD in combination with the L-PTA and L-ITA
§th indications. If the PTA spot is in the “1” state, the
S-millisecond scan is used to operate on the four-bit timer,
and if the ITA spot is in the “1” state, the 50-millisecond
scan serves the four-bit timer.  Timing of the initial sei-
zure and the interdigital period is accomplished under this
later scan. When the Outpulsing Register was seized,
the interdigital timing indicator spot L-ITA was set to its
“17 state and the TA, TB, TC and TD timer spots were
placed in the “0011” state. At each 50-millisecond scan
of the:Outpulsing Register, the ITA spot will be found in
the “1” state and, accordingly, the timer will be decre-
mented by 1 until the counter reaches the “0000% state
mchatmg -the end of the timing cycle. Flaving set the
timer to the decimal value of 3, four timing scans will be
required:to bring the counter to “0”; therefore, the initial
fiming period for seizure will lie between. 150 and 200
milliseconds, .Once the initial seizure period has been es-
tablished, the ITA spot is set to the “0” state, the PTA
spot is set to the “1” state to indicate that timing of pulses
is to be undertaken, and, since a 55-millisecond dial pulse
is to be generated, the timer is set to the “1011” state
representing the decimal 11.. Each 5-millisecond scan of
the QOutpulsing Register will decrement the -timer by 1
uniil .a period of time between 55 and 60 milliseconds
has elapsed, at which time the timer will have reached
the “0000” state. At the end of -this period, the timer is
set to-the “1001” state representative of the decimal num-
bar 9 to permit- establ»vhment of an imterpulse timing

vvvvv Each time
a 55-mﬂhsecond timing interval is start—fl the pulse
counter comprising spots LPCQ through LPC3 is decre-
mented by 1. After-the pulse conmnter has reached the
zero .count, indicating completion of -transmission: of the
digit previously stored- therein,-the L-ITA spot is set to
the “1” state-to start timing of a 650-millisecond inter-
digital period, the TA, TB, TC and TD spots are set to
the “1109” .state, the L-PTA is set to the “0” state to
stop pulse timing,-and the codes.stored in the first digit
spots L-DSI-0 through-L-DSI-3 are moved to-the pulse
counter in preparation for transmitting the second digit
to the line. -~ Also, each time a digit is moved from its
digh slet to the pulse counter, the diﬂit counter: compris-
md;c_ag@ whxch d_lgxt of the called number is- bemg trans-
mitted. -At the end of each interdigital period-other than
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the last, steps are again taken to start pulse period and
interpulse period timing and transmission of the appro-
priate supervisory state. The L-LS spot in the Outpuls-
ing Register is set to the “1” state every time a pulse has
been generated and to the “0” state when an interpulse
period has been generated.

" Outpulsing to the distant office i is accomplished through
the Trunk Signaling Selector. The Trunk Signaling Se-
lector is directed to the particular trunk by means of the
nine-bit address stored in the TSN spots of the Outpuls-
ing Register and the supervisory state to be transmittted
by means of the Trunk Signaling Selector is determined
from the sequence of the Outpulsing Register. Supervi-
sory state commands are transmitted to the Trunk Sig-
naling Selector by means of a single bit which is set to
the “0” state when a pulse is to be transmitted and to the
“1” state when the seizure or interpulse period is to be
transmitted.

Ringing tone is applied to the line of the called sub-
scriber from the distant office; therefore, a ringing con-
nection need not be established at the local office of .orig-
ination. . However, a connection as shown in Figs. 52B
and 52C must be established in the Distribution Network
between the trunk which is connected to the calling sub-
scriber and the trunk to the distant office which was
seized -and outpulsed over.

As previously indicated, the trunks are scanned by the
100-millisecond supervisory scan, the 10-millisecond dial
pulse scan when required, and the 10-millisecond answer-
ing scan when required. Once outpulsing is completed,
the Trunk Signaling Selector. no longer serves the two-way
trunk as the trunk holds in the off-hook condition toward
the distant office until the calling party releases. When
the distant office answers, the T1 and T2 spots of the
outgoing trunk are set to the “10” state to 1nd1cate the
talking condition.

Termination of an outgoing call to a distant office may
be initiated by either the calling party or the party at the
distant end of the trunk. If terminated by the calling
party, the connections will be destroyed in the order out-
lined with regard to calling party release of an intraoffice
call.

Incoming calls (Fig. 53)

A subscriber at a distant office may initiate a call to
the local office in which case an incoming register is
seized rather than an outgoing register. As in the case
of local subscribers, service requests from trunk circuits
are detected during the 100-millisecond supervisory scan
and dial pulses are detected during the 10-millisecond
dial scan. - After all four incoming station digits have
been registered, the ringing connection is established with
induction transmitted back to the subscriber of the dis-
tant office and ringing tone is comnected to the called
local subscriber. The 10-millisecond answering scan of
the called subscriber’s line is repeated until an answering
time-out is completed or an answer detected. If an
answer is detected, the talking condition is established
as shown in Fig. 53B.

As in the case of an outgoing call to a distant office,
an incoming call may be terminated by action of either
the calling or called parties and the order in which the
transmission paths in the concentrator and the Distri-
bution Network are destroyed is different in the two
cases.

Operator calls

An operator call is detected after the first d1g1t is
registered in accordance with the sequence shown in Fig.
28. If the code of the first digit is found to be 10, a
.call to the operator is indicated and if the code in the
pulse counter is other than 10, the call proceeds as shown
in Fig. 28 since additional information must be gathered.

In the case of a call to an operator, the Trunk Signal-
ing Selector places an operator trunk circuit in the off-
“hook condition to transmit a service request to the opera-
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tor. The operator trunk is scanned to detect an answer
by the operator,-at which time a conmnection is estab-
lished through the Distribution Network between the
calling party and the seized operator trunk.

Conclusion -

In the preceding discussion, we have described the
major - functions required of a telephone switching cen-
ter. It is obvious to one skilled in the art that many
functions over and above those outlined in our discus-
sion must be performed and that the usual and unusual
services of a telephone switching center over and above
those explicitly mentioned may be accomplished through
the teachings of our invention without departing from
the scope thereof. As previously mentioned, all services

. are implemented through detailed program orders such
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as we have previously described and it is to be under-
stood that these program orders are by way of example
only and are in no way limiting.

Obviously, the functions, both usual and unusual, re-
quired of the telephone switching system may be achieved
through a variety of sequential operations which may
differ substantially from the illustrative operational se-
quences employed herein. Accordingly, a telephone
system designer, -having determined the sequence -of
operations necessary to perform a given telephone func-
tion or operation, can implement these. sequences with
the illustrative or other orders in accordance with the
teachings of our invention.

Illustrative of services and functions not described
specifically in detail but certainly attainable through our
invention are reverting calls, which have been only briefly
mentioned, P.B.X services, subscriber rate classification,
automatic accounting, and trouble locating. Further,
although standard dial pulse signaling is employed
herein, it is possible to use other methods of customer
signaling such as multifrequency, pulse length, code, and
so forth. It is-to be also understood that error detect-
ing and error correcting codes may be used throughout
the system to add to system reliability without departing
from the scope of our invention. »

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

What is claimed is:

1. A telephone switching system comprising a pli-
rality of lines, a plurality of trunks, a switching network
for interconnecting said lines and trunks; and a control
circuit including a permanent memory for storing control
program sequences, a temporary memory for storing the
service states of said lines and trunks, the progress of
calls served by said system .and translation information;
means for transferring information in and out of said
temporary memory means, means for reading informa-
tion out of said permanent memory means, means for
controlling said switching network; and gating means
responsive to said control program sequences and the
information stored in said tempcrary memory for ener-
gizing said control circuit.

2. A telephone switching system comprising a plu-
rality of lines, a plurality of trunks, a switching network
for interconnecting said lines and trunks; and a control
circuit including a permanent memory for storing control
program sequences, a temporary memory for storing the
service states of said lines and trunks, the progress of
calls served by said system and translation information;
means for transferring information in and out of said

_temporary memory means, means for reading informa-

tion out of said permanent -memory means, means for
controlling said switching network; and gating means
responsive to -said control program sequences and the
information stored in said temporary memory for. deter-

.mining the operation of said control circuit,
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3. A telephone swrtchmg system comprising “a plu-
_rahty of lines, a plurality of trunks, a switching network
for mterconnectrng said lines and- tromks; and a control
circuit including a permanent memory for storing control
program sequences, a temporary memory for storing the
service states of said lines and trunks, the progress of
calls served by said sytsem and translation information;
means for transferring information in and out of said
temporary memory means, means for reading informa-
tion ‘out of said permanent memory means, means for
gontrol_ltng sajd -switching network; and gating means
responsive to said- control program sequences and the
information stored in said temporary memory means for
selectively energizing said ‘means for control]ihg.

4. A telephone switching system comprising a plu-
tality of lines, a plurality of trunks, a switching network
for interconnecting said lines and trunks, a random access
permanent memory having a plurahty of information cells
for storing sequences of control program words and trans-
lation - information, a tem_porary memory, means for
controlling said switching network, and means for deter-
-mining the operation of said controlling means in accord-
ance with the program - sequences stored in said per
manent memory.

5. A telephone switching system comprising a- plu-

rality of lines, a plurality of trunks, a switching network
for. interconnecting said lines and trunks; a permanent
memory for storing control. program sequences -and
translation information, a temporary memory for stor-
ing the service states of said lines and trunks; the progress
of calls served by said swrtchmg system and translation
information, means for scanning said lines and truuks
to detect changes in the supervisory state thereof, means
responsive to scanner indications- of  supervisory states
of said lines and trunks and to information from said
temporary memory as to the service states of said lines
and trunks for detecting requests for service, dial pulse
transitions, answer and -disconnect signals, means for
storing said dial transitions in said -temporary memory,
means including said program sequences and said trans-
lation information for translating said-stored dial transi-
tions, and means for selectively effecting connections be-
tween said lines and said trunks:through said network in
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accordance with said translated dial transitions and said -

-progress .of ealls information stored “in said temporary
memory.

6. A telephone switching system cornpnsmg a plu-
rality of lines, a plurality of trunks, a switching network
for interconnecting said lines and trunks, a permanent
memory containing control program sequences and trans-
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lation information, high speed temporary memory for -

registering the service states of said lines, scanning means
connected to said lines for indicating the current super-
visory state thereof, comparison -means responsive to
control signals from said permanent: memory for peri-
odrcally detecting and comparing the service states of
said lines as indicated by said temporary storage and the
supemsory states of said lines as- indjcated by said scan-
ning means, means responsrve to the output signals of
_said companson means for changlng the service state.of
said lines in said temporary storage means when appro-
_priate, and means controlled by the program sequences
-gstablished in said permanent memory- for controlling
said network to provide the sérvice for each line indi-
«cated by said temporary memory and .said scanning
: means
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An electromc swrtchlng system comprtsmg a plu-

rahty of subscriber lines, means for scanning said lines,
‘temporary memory means havmg a- plurahty ‘of informa-
tion -address posrtrons arranged in an ordered array for
:storing the service states of said -lines, each of said lines
being assigned a first address ‘position in one portion of
said array and a second address pos1t10n in a second
<portion of -said -array, means: for apply;ng a digital
-address to-said femporary storage means corresponding
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‘to one-of said first address positions, and means for tak-
ing the complement of at least a portion of satd digital
address to determine the address of sard one second
address posmon assrgned to the same one- of sard hnes

8. A telephone switching system comprising a - plu-
rality of lines, a plurality of trunks, a switching network
for interconnecting said lmes and trunks a -permanent
memory for storing control program sequences. and trans-
lation mformatron, a temporary memory for stonng the
service states of said lines and trunks the progress “of
calls served by said swrtehlng system and translatlon
mformatron, means for. scanmng said lines and trunks to
detect changes in the supervisory state thereof means
responsive to, scanner indications of supervrsory states
of said hnes and trunks ‘and to the mformatron stored in
said temporary memory for detectmg requests for ehanges
in service state, and means. for selectlvely energxzmg said
switching network fo provide desired connections between
said lines and trunks.

9. A telephone system comprising a first plurality
of lines, a second plurahty ‘of lines, switching network
means for mterconnectrng said first .and second plurahty
of ]mes means for scanning sa1d hnes, means mcludmg
temporary memory and Jogic means for determlmng “the
operation of said sthchmg network means, permanent
memory means storing pro,:,rams for sequencmg said
temperary storage and logic means, means for readmg
program mformatton ‘out of said memory means and
applying said program mformatron to said temporary
storage and logic means, first gatmo means for causing
said readmg means to read out one sequence of informa-
tion from sard memory means on teceipt of certain
signals from said’ scanning means ‘and said temporary
storage and loglc means, and “second gatmg means for
causing ‘said reading means to read out an alternatlve
sequence of information from. said memory.. means on
receipt of certain other stgnals from sald scannmg means
and said temporary storage and Ioglc means.

10.-A telephone system comprising & first plurality of
lines, a second plurahty of lmes, swrtchmg network means
for mterconnectmg said first and second plurahty of hnes,
means for scanning ‘said lines, means including temporary
memory and logic means for determining the operation
of said swrtchmg network, permanent mMemory means
storing proorams for sequencing said temporary storage
and Ioglc means, means for readmg program information
out of said memory means and applying said program in-
formation to said temporary storage ‘and logic means,
first gating means for causing said réading méans to read
out the next succeeding program information from said
memory Ineans on receipt of certain signals. from said
scanning means and said temporary storage and logic
means, and second gating means for causing said reading
means to read out alternat!ve program ‘information from
said rnemory means on 1ece1pt ‘of certain other signals
from said sc2 nmng means and said temporary storage and
logic means.

11. A telephone switching system ‘comprising ‘3 plu-
rality of electrical signal transmission circuits, a switching
network mterconnected with said transmission Ccircuits
for selectively estabhshrng ‘individual electrical signal
transmission paths between selected ones of sard transmis-
sion ‘circuits, pérmanent memory means for storing a pro-
‘gram of sequences of indicia representing electrical con-
trol signals, and control means interconnected between
said network ‘and said storage-means and respomsive to
said indicia-stored in said memory means for selectively
controlling the estabhshment of transmlssron paths through
said network between said selected ones of sard trags-
rmssron circuits.

12. A telephone swrtchmg system comprlsrng a plu-
rahty of lines, a plurality of trunks, a swltchmg network
for. interconnecting .said lmes and sard trunks, a perma-

_nent memory device for storing sequences of mdlcra Iep-

resen:tmg electrlcal control 51gnals, a temporary memory,
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means for transfemng information in and out of said

temporary memory, means for reading information out
of said permanent memory, and means responsive to, said
sequences stored in said permanent memory device and
said information stored in said temporary memory device
for controlling the connections of said lines and said
trunks through said network.

13. A telephone system comprising & switching net-
work, a plurality of lines coupled by said network, means
for controlling the operation of said metwork to selec-
tively interconnect said lines, miemory means contain-
ing stored program information at distinct addresses for
determining the operation of said controlling means in
accordance with a stored program, register means for
storing an address of information contained in said mem-
ory means, means for adding a constant number to said
stored address to obtain the next address of information
in the sequence of a particular program, and second reg-
ister means for storing said next address.

14. In a telephone system, the combination in accord-
ance with claim 13 further comprising third register means
for storing an alternate information address and logic
means for determining the application of one of said
next address and said alternate address to said memory
means.

15. An electronic switching system comprising plurali-
ties of trunks assigned in groups to services and traffic
destinations, a plurality of subscriber lines, a sw1tch11ng
network for interconnecting said lines and said trunks,
temporary memory means having a first plurality of infor-
mation address positions arranged in an ordered array
for storing the supervisory states of said trunks, said ad-
dress “positions being as51gned in groups to said trunks
in accordance with said services and said traffic destina-
tions, and a permanent memory means having a second
plurality of information address positions arranged in an
ordered array -for storing the addresses of said trunks on
said switching network, said trunks -each assigned iden-
tical address positions in said temporary and said perma--
nent memory means.

16. An electronic telephone switching system compris-

ing a plurality of communication paths, a switching net-

work for interconnecting said paths, a common control
‘circuit including logic and memory circuits, storage
means containing program information, means applying
said program information to said common control circuit,
and means responsive to operation of said common con-
trol circuit for operating said switching network.

17. An electronic telephone switching system compris-
ing a plurality of subscriber lines, a switching network
for interconnecting said lines, a.common control circuit,
memory means ¢ontaining program orders for sequencing
the operation of said common control circuit, means for
scanning said lines, and means for periodically interrupt-
ing the sequential operation of said common control cir-
cuit by particular program orders to actuate said scanning
means.

18. An electronic ‘telephone switching system in ac-
cordance with claim 17 Jfurther comprising means for
storing an indication of the program order on operation
of said interrupting means, and means controlled by said
last mentioned means for continuing said sequential op-
eration after said periodic .actuation of said scanning
means.

‘19. An electronic telephone system comprising a plu-
rality of communication paths, first and. secondvstorage
means each having coordinate information locations; each
of said plurality of communication paths being assigned
to particular ones of said locations, means for -storing
information at said first storage-means locations- ‘depénd-
ent on the conditions of said paths, means for recognizing
a particular state of one of said'first storage means loca-
tions, means for. applying the location address of sajd one
first storage means location to said second storage means,
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and’ means for reading out the information stored i in said
second storage means at said location address.

20. An electronic telephone system comprising a plu-
rality of communication paths, first storage means for
maintaining a record of the state of said paths, second
storage means’ contalmng translation 1nf0rrnat10n for éach
of said paths, means for applying successive storage loca-
tionr addresses to said first storage means, means for de-
tectmo a particular storage state in said first " storage
means at a particular first storage address, and means
for applying said same storage address to said second
storage means fo obtain the translation 1nforrnat10n for
the path assigned. to said particular first storage means
address.
© 21, An electronic telephone system comprising a plu-
rality of communication paths, temporary storage means
having coordinate information locations, each of said com-
munication paths being assigned a particular one of said
locations, means for storing at a particular one of said
locations a service indication of the path assigned there-
to, second storage means having coordinate information
locations, means for applying location addresses to said
temporary storage means, means for recognizing a par-
ticular service state at one of said temporary storage in-
formation locations, and means for applying the location
address of said one temporary storage 1nf0rmat10n loca-
tion to said second storage means.

22. An electronic telephone ‘'switching system compris-
ing a plurality of communication paths, first storage means
containing program orders, means for translating said
orders, second storage means for storing the state of said
paths, memory means for storing the state of operation of
the telephone system, logic means, means for applying
signals from said second storage means, said translating
means, and said memory means to said logic means, and
means responsive to the output of said logic means for
determining the next order to be obtained from said ﬁrst
storage means.

23. A telephone switching system comprising a plu-
rality of lines, a plurality of busy tone trurks, a sw1tch1ng

network for selectively interconnecting said lines and

trunks, a permanent memory for storing control program
sequences a temporary memory for stormg the service
states of said lines and trunks, means for detecting and
registering dial signals from said lines representing called

’ dlrectory numbers, means for reading said temporary
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memory at the address therein reserved for said registered
directory number, and means for estabhshmg a connection
through said network between said calling subscriber and
one. of said busy tone trunks if the indicia stored in said
temporary .memory indicates that the called line having
said regxstered directory number is busy.

24. A telephone switching system comprising a plu-
rality of lines, a plurality of trunks, means to scan said
lines and trunks to detect changes in supervxsory state
thereof, tempmary memory means, permanent memory
means for storing a plurality of program sequences of
indicia, said program sequerices 1nc1ud1ng a line scanning
sequence to detect requests for service and a dial pulse
scanning sequence to detect and register dialed pulses,
means to read said sequences from said permanent mem-
ory means, and means to address said reading means to
said dial pulse scanning sequence with respect to a par-
ticular line upon the detection of a request for service'
from said line in the course of said line scanning se-
quence.

25. A telephone switching system comprising a plu-
rality of lines, a plurality of trunks, means to-scan said
lines and trunks to detect changes in supervisory state
thereof, temporary memory means, permanent memory
means for storing a plurality of program sequences of
1nd1c1a sa1d program sequences mcludmg a line scan-.
ning sequence to detect requests for service and a dial
pulse scanning sequence to detect and register dialed
pulses, -said line scanning sequence and. said dial pulse
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scanning sequence each arranged to serve said lines
and trunks at non-synchronous rates, successive scans
of lines by said line scanning sequence occurring with-
in a first predetermined period of time, successive scans
of each line served by said dial pulse scanning sequence
occurring within a second predetermined period of time,
said second period shorter than said first period, means
to read said sequences from said permanent memory
means, and means to address said reading means to said
dial pulse scanning sequence with respect to a particular
line upon the detection of a request for service from
said line in the course of said line scanning sequence.
26. A telephone switching system comprising a plu-
rality. of lines, a plurality of trunks, means to scan
said lines and trunks to detect changes in supervisory
state thereof, temporary memory means, permanent mem-
ory means for storing a plurality of program sequences
of indicia, said program sequences including a line scan-
ning sequence to detect requests for service, a dial pulse
scanning sequence to detect and register dialed pulses,
means to read said sequences from said permanent mem-
ory means, means for controlling said ‘sequence reading
means, and means to switch said reading means from
said line scanning sequence to said dial pulse scanning
sequence with respect to a particular line upon the de-
tection of a request for service from said line in the
course of said line scanning sequence.
-.27. A telephone switching system comprising a plu-
rality of lines, a plurality of trunks, means to scan
said lines and trunks to detect changes in supervisory
state thereof, temporary memory means, permanent mem-
ory means for storing a plurality of program sequences
of indicia, said program sequences including a line scan-
ning sequence to detect requests for service, a dial pulse
scanning sequence to detect and register dialed pulses,
means to read said sequences from said permanent mem-
ory means, first gating means for causing. said reading
means to advance through said line scanning sequence
to sequentlally scan said lines so long as a request for
service is not detected, and second gating means for caus-

ing said reading means to read out said dial pulse scan-.

ning sequence from said memory means with respect to
a particular line upon detection of a request for service

from said particular line in the course of said line scan-.

ning sequence.

28. An electronic sw1tch1ng system compnsmg in com-
bination a plurality of lines, a plurality of busy signal
trunks, a switching »n'etwork for selectively establishing
individual paths between selected ones of said lines and
trunks, permanent memory means for storing program
sequences of indicia for controlling the selective establish-
ment of transmission paths through said switching net-
work between calling and called lines and selectively con-
trolling the establishment of transmission paths be-
tween selected ones of said calling lines and . said busy
signal trunks, temporary memory means for storing in-

dicia representing the busy condition of said lines, and.

means responsive to said stored busy signal of one of
said selected called lines for selecting a sequence of in-
dicia for the establishment of a transmission path through
said switching network from a particular one of said lines
to said busy signal trunk.

29. A telephone switching system comprising in com-
bination a plurality of lines, a switching. network for
establishing transmission paths betweén selected ones of
said lines, permanent memory means for storing a plu-
rality -of- program sequences of indicia for controlling
said switching metwork, interconnecting means between
said switching: metwork and said permanent memory
means including means for storing the address in said
permanent memory means of the last program sequence
indicia received therefrom, and means controlled by
the electrical condition of said network and said lines

for discontinuing one of said program sequences and.
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initiating program operations from another of said se-
quences. .

30. A telephone swatchmg system compnsmg in com-,
bination a plurality of lines, a switching  network “for
establishing transmission paths between selected ones of
said lines, permanent memory means for storing a plu-
rality of program sequences of indicia for controlling
said . switching network, .interconnecting means between
said switching. network and said permanent memory
means including means for storing the address in said
permanent memory means of the last indicia of a first
program sequence received therefrom, means responsive
to the electrical condition of said network and said lines
for interrupting said first one of said program sequences
and- initiating program operations from a second of
said sequences, and means centrolled by the termination
of said second sequence for resuming operation of said
network in accordance with the remainder of said first
sequence.

31. A telephone sw1tchmg system comprlsmg a plu-
rality of lines, a plurality of trunks, a switching network
to selectively provide -transmission paths between said
lines and trunks, means to scan said lines and trunks to
detect changes in supervisory state thereof, temporary
memory means for maintaining a record of the service
states of said lines and trunks and for maintaining a rec-
ord of the progress of calls served by said telephone
switching system, permanent memory means for storing
a plurality of program sequences of indicia for determin-
ing the operation of said telephone switching system, said
program sequences including a main program sequence
to provide timing and coordination of operations within
said telephone switching system, a dial pulse scanning se-
quence for registering the identity of a calling subscriber-
and to detect and register dialed pulses originating with
said calling line, said dialed pulses in combination repre-
sentative of a called directory number, a sequence fo
establish connections through said switching network in
accordance -with the identity of said calling line and said
dialed directory number, means to selectively read said
sequences from said permanent memory means, -and
means to address said reading means to said connection:
establishing sequence upon reglstratxon of a complete.
called directory mumber.

32. A telephone switching system comprising a. plu-
rality of lines, a plurality of trunks, a switching network to
selectively provide transmission paths between said lines
and trunks, means to scan said lines and trunks to detect
changes in supervisory state thereof, temporary memory
means for maintaining a record of the service states of said
{ines and trunks and for maintaining a record of the prog-
ress of calls served by said telephone switching system,
permanent memory means for storing a plurality of pro-
gram sequences of indicia for determining the operation of

said telephone switching system, said program sequences'

including a main program sequence to provide timing and
coordination of operations within said telephone switch-
ing system, a.dial pulse scanning sequence for reglstermg
the identity of a calling subscriber and to detect and regis-
ter dialed pulses originating with said calling line, said
dialed pulses in combination répresentative of a called
directory number, a sequence to establish connections
through said switching network in accordance with the
identity of said calling line and said dialed directory num-
ber, means to selectively read said sequences from said
permanent memory means, means for controlling said
sequence readmg means; and means to switch from said
dial pulse scanning sequence to said connection establish-
ing sequence upon completion of - registration of said
dialed directory number.

33. An electronic telephone system comprising -a plu-
rality of communication paths, a switching network for
interconnecting said paths, means for controllmg said
switching network, and means for determining the opera-
tion of sa1d control means, said last mentioned means in.
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cluding permanent storage means including & plurahty

of program sequences, first memory means for storing.

the state of said communication paths, second memory
means for storing the state of said control means, means
for reading said sequences from said storage means, and
logic means controlled by a particular sequence from said
storage means and by said first and second memory means.
for causing said reading means to interrupt the reading

of said particular sequence to read a dnﬁ‘erent one of said.

sequences.

34. In a telephone system havmg a plurality of com-
munication paths and means for interconnecting said
paths, means. for controlling said .interconnecting means

comprising memory means storing.program sequence in-.

dicia, said indicia in a sequence including order and ad-
dress information, means for reading out said order and
address information, means for translating said address
information, a plurality of logic circuit means, means for
applying a signal from said translating means to a particu-
lar one of said logic circuit means dependent on the ad-
dress read from said memory means, and means for
applying said order to said particular logic circuit mezns
to direct the operation of said particular logic circuit
means.

35. In a telephone system in accordance with claim 34
wherein said indicia in a sequence further includes in-
formation as to the address in said memory means of the
next information in said sequence, means connected to
said reading means for storing said mext sequence in-
formation address.

36. In a telephone system in accordance with claim 35
the combination further comprising means responsive t0
operation of said particular logi¢ circuit means for apply-
ing said next sequence information address from said
means connected to said reading means to said memory
means.

37. An electronic telephone switching system compris-
ing a plurality of communication paths, a switching net-
work for interconnecting said paths, common control
circuitry for effecting operation of said switching net-
work, and random access storage means containing pro-
gram sequence indicia at unique addresses in said storage
means, said indicia being read out in parallel from said
storage means, said common control circuit including
means for providing one of said addresses to said storage
means, means for providing the next address in a sequence
to direct said storage means, means for applying an alter-
nate address to said storage means to direct said storage
means to an alternate sequence, and logic means for
selecting one of said next and said alternate addresses to
be applied to said storage means,

38. In an electronic telephone switching system where-
in a plurality of communication paths are interconnected
by a switching network, control circuit means for effec-
tuating operation of said network, storage means con-
taining indicia of a plurality of program sequences, said
indicia including decision and nondecision orders, and
means for reading out said indicia from said storage
means, said control circuit means including a plurality of
logic circuits, means responsive to nondecision order in-
dicia read from said storage means for conditioning cer-
tain of said logic circuits, means responsive to decision
orders read from said storage means for enabling said
certain logic circuits, and means responsive to enable-
ment of said logic circuits for determining the next pro-
gram sequence indicia to be read from said storage
means. ]

39. In an electronic telephone system the combination
of claim 38 wherein said storage means comprises a Fly-
ing Spot Store and said program sequence indicia are
read therefrom as parallel output words.

40. In an electronic telephone switching system where-
in a plurality of communication paths are interconnected
by a switching network, control circuit means for ef-
fectuating operation of said network, storage means con-
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taining indicia of a plurality of program seqiéficés, said
indicia including decision and nondecision orders, and
means for reading out said indicia from said storage
means, said control circuit means including a plurality
of logic circuits, means responsive to nondecision order
indicia read from said storage means for conditioning
certain- of said logic circuits, means responsive to de-
cision orders read from said storage mieans. for applying
signals to-said certain logic circuits, and means respon-
sive to output signals from said logic circuits for de-
termining the next program sequence indicia to be read
from said storage means. )

. 41. A telephone switching system comprising a plu-

. rality of lines, a plurality of trunks, a switching network

for interconnecting said -lines and said trunks, permanent
memory means for storing control program sequences
and translation information, temporary memory means
for storing the service state of said lines and trunks, the
progress of .calls and translation information, means for
scanmng said lines and trunks to detect changes in super-
visory state thereof, means responsxve to scanner indica-
tions of supervisory states of said lines and trunks and
information from said temporary memory means as to
the service condition of said lines and trunks for detect-
ing requests for changes of service state and dial pulses,
means for- storing said dial pulses in said temporary-
memory means, means for translating said stored dial
pulses, and means for sclectively effecting connections

- between said lines and said trunks through said neLworL
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in accordance with said translated dial pulses.

- 42, In an electronic switching system, hundreds of
telephone lines, a switching network for interconnecting
said lines, a control circuit for effectuating control of
said network and for effectuating examination of the
state of said telephone lines, storage means containing
indicia of a plurality of program sequences, means for
reading out said indicia from said storage means during
successive high speed reading cycles, said control circuit
including means for registering two alternative addresses
in said storage means and also including logic circuitry,
and means for controlling said logic circuitry to per-
form not more than the single binary logic operation of
selecting one of said two addresses during each reading
cycle.

43. A telephone switching system comprising a plu-
rality of lines, a plurality of trunks, a switching network
interconnecting said lines and trunks, a temporary mem-
ory for maintaining a record of the progress of calls
through said switching system, a permanent memory con-
taining program sequences of indicia, means responsive
to said sequences and said progress of calls for selective-
ly establishing talking connections through said distribu-
tion network, and means for destroying all progress of
call information in said temporary memory relating to
calls which have resulted in a talking connection be-
tween calling and called parties.

44. A telephone switching system comprising a plu-
rality of lines, a plurality of trunks, means to scan said
lines and trunks to detect changes in supervisory state
thereof, temporary memory means, permanent memory
means for storing a plurality of program sequences of
indicia, said program sequences including a dial pulse
scanning sequence to detect and register dialed pulses
and a trouble timing sequence to detect the abandonment
of calls and permanent signals occurring during said
dialing sequences, means to read said sequences from
said permanent memory means, means to address said
reading means to said trouble timing sequence interme-
diate said dial pulse scanning sequences, and means to
provide a trouble signal to said switching system when-
ever successive trouble timing sequences occur with re-
spect to a particular line without dial pulse transitions
occurrmg on said line intermediate to said trouble tim-
ing sequences.

45. A telephone switching system comprising a plurality
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of lines, a switching network interconnecting said lines, a
permanent memory means, temporary memory means for
maintaining a record of the progress of calls through said
telephone system, said record including a record of calling
line equipthent numbers and called line directory num-
bers, said directory numbers comprising four digits each
registered in a four-bit binary code, means to translate
the binary codes representative of the first two digits .of
said- called directory number to a seven-bit. binary code

representative of a vertical address within said perma-

nent memory, means to translate the binary codes repre-
sentative of the third and fourth digits of the called direc-
tory niumber to a seven-bit binary code representative of
a horizontal address ‘within said permanent memory,
means for reading said permanent memory at the areas
"defined by said vertical and horizontal addresses to ob-
tain the number of the equipment on said switching net-
work assigned to said called directory number, and means
for selectively effecting a connection between said regis-
tered calling line equipment number and said called line
equipment number through said switching network. -
46. A telephone switching system comprising a plural-
ity of lines, a switching network ‘coupling said lines and
common control means for selectively controlling said
switching network to provide transmission paths between
desired ones of said lines, said common control means

including temporary memory means for maintaining a

record of the progress of calls through sdid switching
system, logic means, permanent mémory means for stor-
ing program sequences of indicia to be applied to said
logic. means, and a multiple conductor busbar intercon-
necting said logic means, said temporary memory and said
permanent memory.

47. A telephone switching system comprising a plu-
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rality of lmes a plurality of ringing tone sources, a plu-
rality of ringing induction tone sources, a switching nét-
work for selectively” inter'connecuﬁg' said -lines ‘and. said
SOUrces, a permanent .memory, a temporary memory,
c¢ommon control means for selectively effecting individual
connections through said network between partlcular ones-
of said lines and said ringing induction tone sources and
between- others of said lines and partxcular ones of said.
ringing ‘toné sources, means for scanning said lines con-
niected 't0 said ringing torie sources to detect an answer,

- and means for inhibiting the scanning for detection of an
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answer dunng the tune that sald ringing tone source is
active.” T ‘

48. An electronic. sw1tch1ng system comprising in com-
bmatlon a plurality of lines, a multistage switching net-

- work interconnected with sald lines for selectively. estab-
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lishing transmission paths between selecied ones of said
linés, random access memory. means for storing a plu-’
rality of sequences of indicia representing électrical con-
trol signals, means interconnected between: said storage

" mieans and ‘said network respomsive to certain of said
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stored sequences for controlling selective establishment
of a path through said switching network between selected
ones of said lines and other means responsive to others.
of said sequences for interrupting an estabhshed path be-'

‘ tween selected ones of sa1d lines.
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