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RSEQ (T)=s+ 252 AND C=8 AND H =0 

sts statDr. 
CALL RELEASE. SPACE 

V. N(T) = W. N(T)+ 253 WITH B = B 

C =RSELCH (T) 254 (e) 25 

TEST THE LEAST SIGNIFICANT 
2. BITS OF IDW (B) 

O 

CALLE, BURST IN 
WITH T =T CALL S. BUNDLE, IN 

WITH C=C AND T =T 

Q = DATACT(C) 258 

TYPE(Q)=DW(B) AND 2 259 
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A/G. 20O 

262 WOL (C)=WOL (C) VOL(C)= VOL(C)++ $100 

DBLK (Q) = B 

DATAQT(C) = NEXT (Q) 

CALL REQOUT 
WITH C-C CALL S. BURST OUT 

WITH C3: C 
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A/G.2/A 

BEGINSEQUENCE OBEYEDAT LEVEL WHEN Yu-270 
BUFFER READY TO TAKE A DATA PACKET 

DXLAST (L)-DXLAST (L)* -127 

LIST ATTNQ (L) 

273 

<c-> YES 
NO 

SET ZERO IN DXLAST (L)th ENTRY IN 274 
LIST ATTNQ (L) 

275 

<cosato a No 
YES 

COSTAT (C) = 0 

<stro-o?- No case 
NO 

B NEXTOUT (C) 28 (r) 

NEXTOUT (c)-NEXTCB)-1282 
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283 
V.OUT(T) + 

your 284 

SSTAT(T)= 

STME(T)=TME 

NO 

288 

F=TYPE(B) 

1289 
IS 

NEXT OUT(C)= DATAQTC) YES 

PLACE C INTO OUTPUT ATTENTION 
QUEUE ATTNG(L) 

O 

SSTAT(T)=0 

1294 

295 

D=WORD WITH ID(T) IN MOST 8 BITS 
WITH SSEQ(T) IN NEXT 6 BITS AND 

WITH F N LEAST 2. BITS 

WRITED TO LOOP L. 

WRITE WORD TO LOOP L WITH MOST 
EQUAL DLENGTH(DBLK(B)) AND LEAST 8 BITS 
EQUAL EXCLUSIVE OR OF MOST 8 BITS OF D, 

LEAST 8 BITS OF D, DLENGTH(B) 

296 

297 

298 

8 BITS 

299 
AUTONOMOUSLY TRANSFER 7 WORDS 

FROM BODY (DBLKCB)) TO LOOP 

300 
END 
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A/G. 22a 30 

BEGIN SEQUENCE OBEYED AT LEVEL 
A SIGNAL PACKET IS READY 

3. B = SRTAL (L) 

READ WORD INTO FN(B) 1 32 

READ WORD INTO CH (B) - 133 

COMPUTE EXCLUSIVE OR OF-34 
THE FOUR BYTES JUST READ 

35 <gsgos N. 
D = MOST 8 BITS OF FN (B) 

TMNL (B) = T 

SRTAL (L) = NEXT (B) 

SET INTRPT TO FORCE LEVEL 2 ACTION 

(END) 324 
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A/G.22A 
BEGIN SEQUENCE 330 

OBEYED AT LEVEL 2 

B = SR HEAD (L) 33 

B = SRTAt L (L) YES C END D 333 
NO 332 

T = TMNL (B) 334 

NO 

YES 336 337 

TEST LEAST TEST LEAST 
2 BITS OF FN (B) 2 BITS OF FN (B) 

= 0 = = 2 = 3 =0 = = 2 =3 

(c)(3)() ()(3)(3)(3) 
MOST 8 BITS 
OF CH (B) = 0 

S = MOST 6 BITS OF 338 
LEAST BYTE IN FN (B) 

<ssrood-N 

YE 

YE 

C = SSELCH (T) 340 

TEST SSTAT (T) 34 

3 

S 

S 
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(6) A G. 22C 

DATAQH (C) = 
NEXTOUT (C) 

YES 

343 
NO 

B= DATACH (C) 344 

E=TYPE(B) 345 

CALL RELEASE. SPACE 346 
WITH B-DBLKCB) 

347 
WOL(C) = WOLCC)- 

348 
DATAQH (C)= NEXT (B) 

349 
NO 

VOL(C)=WOL(C)-$100 35 

CALL E. BURST OUT NO (1353 
WTH C=C AND T4 =T 

CALL S. BUNDLE OUT 
WITH Cs=C AND =T 

CALL REQOUT 
WITH C=C 

3.54 

355 
SRHEAD(L)= 

NEXT (SRHEAD(L)) 
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A/G. 22O 

CALL S. BURST. OUT 
WITH C=C 

360 

362 

<ssia, Ge. YES 

RTME(T)=TME 365 

CALL E BURST. N 
WITH T =T 366 

N=MOST BYTE OF CH(B) 367 

C = CHANNELS(T) 368 

(e) 372 <code C = NEXT (C) NO 369 

o 370 
YES 

C=CGE) 16, RSELCH(T)=C 37 

N. N. (T)= MAX. IN (C) 373 

(se CALL S. BURST. N 374 
WITH C-C AND TT 
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Af/G. 22A 

N = LEAST BYTE OF CH (B) +256 X MOST 
6 BTS IN LEAST BYTE OF FN (B) 

RSEQ (T) = |RSEQ (+) + || 

RTIME (T) = TIME 

C = CHLIST (L) 

386 

387 
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RSEQ (T) = MOST 6 BITS OF 
LEAST BYTE N FN (B) - 390 

CAE BURST, N - 39 
WITH T = T 

RSTAT (T) = 3 392 

A/G.22A 

CALL RETREAT 
WITH T=T 
AND S = MOST 6 BITS OF LEAST BYTE IN 

FN(B) 
AND W= CH(B) AND $800 
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A/G.23A. 
400 BEGIN SEQUENCE OBEYED AT LEVEL 

WHEN BUFFER READY TO TAKE A SIGNAL PACKET 

DE WORD WITH ID (T) IN MOST SIGNIFICANT 8 BITS 
WITH SSEQ (T) IN NEXT 6 BITS 

WITH LEAST 2 BITS OF FN (B) IN LEAST 2 BITS 

WRITED TO LOOP L. 

WRITE TO LOOP LA WORD WITH CH (B) iN 
MOST SIGNIFICANT 8 BITS AND LEAST SIGNIFICANT 

8 BITS EQUAL TO EXCLUSIVE OR OF MOST 
SIGNIFICANT 8 BITS OF D, LEAST SIGNIFICANT 

8 BITS OF D, CH (B) 

408 D - WORD WITH ID (T) IN MOST SIGNIFICANT 
8 BITS WITH RSEQ (T) 

(T) IN MOST SIGNIFICANT 6 BITS 

WRITE TO LOOP LA WORD WITH WIN MOST SIGNIFICANT 
8 BITS, AND LEAST SIGNIFICANT 8 BITS EQUAL TO 
EXCLUSIVE OR OF MOST SIGNIFICANT 8 BITS OF D, 

LEAST SIGNIFICANT 8 BITS OF D, V 

    

    

    

    

    

  



U.S. Patent Jul. 19, 1983 Sheet 65 Of 76 Re. 31,319 

Al G. 23As 

42 

SSEQ (T) =SSEQ (T)+ 

S MOST SIGNIFICANT 6 BTS 
OF SELNO (T) 

46 

D = WORD WITH ID(T) IN 
MOST SIGNIFICANT 8 BITS WITH S IN 
NEXT SIGNIFCANT 6 BITS WITH 

N LEAST SIGNIFICANT 2 BTS 

WRITED TO LOOP L 

S = LEAST SIGNIFICANT 8 BITS OF SELNO (T) 

WRITE WORD TO LOOP WITH 
MOST SIGNIFICANT 8 BITS EQUAL TO S AND 
LEAST SIGNIFICANT 8 BITS EQUAL TO 

EXCLUSIVE OR OF MOST SIGNIFCANT 8 BITS 
OF D, LEAST SIGNIFICANT 8 BITS OF D, S 
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BEGINSEQUENCE OBEYED EVERY 2 
2 MILLISECONDS AT LEVEL 2 

SCANNED = NEXT (SCANNED) 

T= SCANNED 

C=RSELCH (T) 423 

A/G.24 a 

424 

425 

RTIME(T) = TIME 

CALL REQSG 
WITH F =0 

Te=T 
H=0 

426 

O 429 = = 2 =3 = 4 

CALL S. BURST OUT ege. 
WITH C=SSELCH (T) 

(e) 444 
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A/G 24 As - 

CALL S. BURST. N 
WITHC3c. C 

T3 - T 
1430 

CALL RETREAT 
WITH T = T 

S8 - SSEQ (T)-lis 
W8 O 

CALL SIGOUT 
Ts =T 
F6 c 2 
His = 0 

443 

CALL S. BUNDLE. IN 
WITH C2 - C 

T2 =T 

43 

CALL SBURST. OUT 
WITH C C 

442 
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A/G25A 

453 456 CRSTAT (C3)=0 

CALL S. BUNDLE,N 
C2 = Cl3 
T2 = T3 

RSTAT (T3)=2 

CALL REQS Gr 
F6 - O T6 - T3 

H6 - O 
454. 457 

458 CRSTAT (T13)= 

A/G. 25A 460 

46 N = A.IN(T)- V.IN(T) 

UNASSIGNED SPACE. UNASSIGNED SPACE - N 

A.IN(T) = O 
W. N(T) = 0 

463 

CALL REQSG 
F6 = O T6 sT 

H6 = O 

CRSTAT (T) = 

1466 

1464 

465 

31,319 

462 
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A/G. 25C 

470 
BEGIN 

472 

CALL ASSIGN. SPACE 
C = C2, T = T2 

SUCCESS 

N2 SMALLER OF 
N. IN (T2), A. IN (T2) 

473 

475 

A. IN (T2) = A. IN (T2) - N2 

476 
CALL REOSG 

F6 = 0, H6 = O, T6 - T2 
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A/G. 25A) 

NO 

488 

COSTAT (C3)=0 

SSTAT (T3) = 0 

CALL REQOUT 
F6 e0, H6= 0, T6 =T3 

1490 

COSTAT (C3)= 2 
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A/G 29 A 

<ssic ess 
st a 498 

NO 

499 
NO 

NO 500 

A. OUT (T3) = M. OUT (C3) 50 

COSTAT (C3) = 0 
1502 

CALL REQSG 
F6 = 1, H6 - 0, T6 = T3 503 

SSTAT (T3) -3 
504 

T3). T STIME (T3) ME 505 

CALL S. BUNDLE, OUT 
C5-C3, T5-T3 506 

CALL REQOUT C7-C3 1507 

508 
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A/G. 25A 

N5 = SMALLER OF 52 
A.OUT (T5), N. OUT (T5) 

V. OUT (T5) = - N5 522 

A.OUT (T5)=A. OUT (T5)-N5-1523 

524 
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55 AF/G, 2.5/ 

552 

Wil= LEAST SIGNIFICANT 8 BITS OF WOL (CII) 
553 

ALLOC (CII)>M. IN (CII) + V NO 

NASSIGNED SPACE> M.IN (CII) 

YES 1555 1559 

A. IN (TI) = M. IN (CII) RSTAT (T) = 
556 560 

UNASSIGNED SPACE = UNASSIGNED SPACE-M.IN (CII) EN 
557 

RSTAT (T)=0 

1558 
END 

SUCCESS 

A/G.25A1 
565 

1566 

NHIBIT. NTRPT 

1567 

NEXT (B12) - FREESPACE 
1568 

FREESPACE = B2 

ALLOW. INTRPT 

UNASSIGNED SPACE + 

57 

569 

1570 
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A/G 25/V 600 

YES 602 
COSTAT (C8) : 

NO 
1603 

NO 

ce 1604 
605 

CALL REQSIG 
F6 c | 
H6 - O 

COSTAT (C8)-3 

NEXTOUT (C8) : PREV 
(NEXTOUT (C8) 

YES 

SSTAT (T8) - 2 DoSET 64 

62 
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DIGITAL DATA COMMUNICATION SYSTEM 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to digital transmission systems 

and, more particularly, to digital transmission by asyn 
chronous message switching on a common time-divided 
transmission loop. 

2. Description of the Prior Art 
It is often desirable to exchange digital information 

between digital machines. If such machines are sepa 
rated by any significant geographic distance, it has here 
tofore been necessary to either purchase or lease a dedi 
cated transmission facility between such machines, or to 
arrange a temporary connection between such ma 
chines by means of common carrier, switched transmis 
sion facilities. Since it is the nature of digital machines 
to require large amounts of digital channel capacity, but 
only for brief periods and only occasionally, the hereto 
fore available facilities described above have proven 
very inefficient for this use. Dedicated transmission 
facilities, for example, remain unused the vast majority 
of the time. Switched, common carrier facilities tend to 
be restricted in bandwidth to voice frequencies and 
hence are not immediately adaptable to high speed digi 
tal transmission. 
A further problem with switched facilities is the fact 

that it often takes more time to set up the transmission 
path than is required for the entire transmission of data. 
The telephone network requires real time transmission 
in the sense that signals must be delivered substantially 
at the same time they are generated. It therefore is stan 
dard procedure to set up the communication path in its 
entirety before any signals are transmitted. As a result, 
centralized switching has been used in the telephone 
plant. Digital transmission of data, on the other hand, 
need not be done in real time and hence it is wasteful to 
set up an entire connection prior to transmission. These 
facts tend to make presently available interconnection 
facilities uneconomical for intermachine digital commu 
nications. 

It is therefore an object of the present invention to 
provide improved digital transmission between digital 
machines. 

It is another object of the present invention to allow 
digital machines having widely varying data handling 
capabilities to communicate efficiently and economi 
cally. 

It is a further object of this invention to provide a 
system which allows a digital machine to communicate 
with a plurality of other digital machines without the 
need for reprogramming that machine when the num 
ber or capabilities of machines in the system is changed. 

It is a still further object of this invention to provide 
an algorithm which takes advantage of the inherent 
characteristics of digital machines to provide a more 
efficient method of using transmission resources. 

SUMMARY OF THE INVENTION 

These objects are achieved in accordance with this 
invention by a system of interconnected transmission 
loops. The system includes a plurality of interconnected 
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2 
switching units which comprise general-purpose pro 
grammable digital computers. Each switching unit has 
at least one transmission loop connected to it. Each loop 
includes at least one loop access module and each mod 
ule has attached to it a terminal interface unit to which 
a digital device is connected. 

Each switching unit controls the data transmission to 
and from the digital devices that are attached to its 
transmission loops. Each digital device may be allo 
cated up to 256 different channels, one of which is used 
solely for signalling between the digital device and its 
associated switching unit. The switching unit controls 
the allocation and actual implementation of the remain 
ing 255 of these channels by a process that may be 
termed "virtual allocation.' 
When a request to make a connection is received, the 

switching unit determines and stores the characteristics 
of the transmission path required to honor the request. 
No actual transmission paths are set up at this time and 
no actual system resources are assigned except for the 
amount of the switching unit memory used to store the 
transmission path characteristics. The transmission path 
is actually set up only when the digital device begins to 
transmit data. The data flow is then controlled in accor 
dance with the previously determined characteristics by 
a novel algorithm embodying a request-acknowledge 
process. A transmission path is actually maintained only 
as long as data is being transmitted. The transmission 
path otherwise remains only virtually allocated. Since it 
is characteristic of digital devices to transmit data in 
bursts with pauses between bursts, this method of con 
trolling the system eliminates idle transmission paths, 
This more efficient use of transmission resources allows 
a greater volume of data to be handled. 
The loop access modules serve to keep data flowing 

around the transmission loops and to provide an inter 
face between the loops and the terminal interface units. 
The terminal interface units transfer data on a full du 
plex basis between their associated digital device and 
the rest of the system. Each terminal interface unit in 
cludes a small programmable digital computer which 
interacts with the computer in the switching unit to 
control the signaling between the switching unit and the 
associated digital device and which serves to control 
the transfer of data to and from the digital device. 
The algorithm that governs the transmission of data 

in the system comprises two program portions, one 
stored in and executed by the switching unit, the other 
stored in and executed by the computer contained in the 
terminal interface unit. This algorithm utilizes the char 
acteristics of the requested data transfer to determine 
the system resources that will be required. During the 
actual data transmission, the algorithm provides for the 
buffering that is required to allow the requesting digital 
device to transmit data to the receiving digital device. 
Thus the algorithm serves to match the data transmis 
sion characteristics of the transmitting digital device to 
the data reception characteristics of the receiving digi 
tal device. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1A is a general block diagram of a digital trans 
mission system in accordance with this invention; 
FIG. 1B illustrates the manner in which data and 

signalling information is transmitted in the system of 
FIG. 1A; 
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2A is a more detailed diagram of the switching unit 
shown in FIG. 1A; 
FIG. 2B is a more detailed diagram of a part of the 

transmission system shown in FIG. 1A; 
FIG. 3A illustrates the format of the signals appear 

ing on the transmission lines and transmission loops 
shown in FIG. 1A; 

FIG. 3B is an expanded view of a portion of FIG. 3A; 
FIG. 4A shows the manner in which the line format 

shown in FIG. 3A is utilized in this invention; 
FIG. 4B is an expanded view of a portion of FIG. 4A; 
FIG. 4C is a further expanded view of a portion of 

FIG. 4A; 
FIGS. 5A and 5B are a logic diagram of the loop 

transmit buffer shown in FIG. 2B; 
FIG. 5C is a logic diagram of the rising edge trigger 

circuit used in the loop transmit buffer shown in FIG. 
5A; 
FIGS. 5D and 5E are a logic diagram of the loop 

receive buffer shown in FIG. 2B; 
FIG. 5F is a logic diagram of the falling edge trigger 

circuit used in the loop receive buffer shown in FIG. 
5D; 
FIGS. 6A through 6H are a logic diagram of the data 

multiplexer shown in FIG. 2B; 
FIG. 6I shows the interconnection of FIGS. 6A 

through 6H; 
FIG. 7A is a block diagram of the terminal buffer 

shown in FIG. 2B; 
FIG. 7B is a timing diagram useful in understanding 

the operation of the terminal buffer shown in FIG. 7A; 
FIG. 7C is a more detailed diagram of the data re 

ceive buffer shown in FIG. 7A; 
FIG. 7D is a more detailed diagram of the data trans 

mit buffer shown in FIG. 7A; 
FIG. 7E is a more detailed diagram of the channel 

select circuit shown in FIG. 7A; 
FIG. 7F is a more detailed diagram of the channel 

break circuit shown in FIG. 7A; 
FIG. 8 is a representation of an instruction word used 

by the interface computer shown in FIG. 2B; 
FIG. 9A is a block diagram of the interface computer 

shown in FIG. 2B; 
FIG.9B is a timing diagram useful in understanding 

the operation of the interface computer shown in FIG. 
9A; 

FIGS. 9C, 9D, and 9E are a logic diagram of the 
interface computer shown in FIG. 9A; 
FIG.9F shows the interconnection of FIGS. 9C, 9D, 

and 9E; 
FIG. 9G is a logic diagram of a clock circuit used in 

the interface computer shown in FIG. 9A; 
FIG. 10A is a functional diagram that illustrates the 

data and signal transfer between the digital device, 
terminal interface unit, and switching unit shown in 
FIG. 1A; 
FIG. 10B is a functional diagram that illustrates the 

data and signal transfer between the switching units 
shown in FIG. 1A; 
FIGS. 11A, 11B, and 11C show the formats of the 

data and signals that are transmitted in the system of 
FIG. 1A: 
FIG. 12 is a flow chart of the initialization instruc 

tions executed by the interface computer shown in FIG. 
2B; 
FIGS. 13A and 13B are a flow chart of the data out 

put routine executed by the interface computer shown 
in FIG. 2B; 
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4. 
14A and 14B are a flow chart of the data input routine 

executed by the interface computer shown in FIG. 2B; 
FIG. 15 is a flow chart of the signal output routine 

executed by the interface computer shown in FIG. 2B; 
FIGS. 16A and 16B are a flow chart of the signal 

input routine executed by the interface computer shown 
in FIG. 2B; 

FIGS. 17A through 17L show the data structures 
used by the control computer shown in FIG. 2B; 

FIGS. 18A, 18B, 18C and 18D are a flow chart of the 
call management routine executed by the control com 
puter shown in FIG. 2B; 

FIG. 19A is a flow chart of the decode route routine 
executed by the control computer shown in FIG. 2B; 

FIG. 19B is a flow chart of the trace route routine 
executed by the control computer shown in FIG. 2B; 

FIG. 19C is a flow chart of the remove subchannel 
routine executed by the control computer shown in 
FIG. 2B; 

FIGS. 19D and 19E are a flow chart of the create 
subchannel routine executed by the control computer 
shown in FIG. 2B; 
FIG. 19F is a flow chart of the find queue routine 

executed by the control computer shown in FIG. 2B; 
FIGS. 20A-20D are a flow chart of the data input 

routine executed by the control computer shown in 
FIG. 2B; 

FIGS. 21A and 21B are a flow chart of the data out 
put routine executed by the control computer shown in 
FIG. 2B; 
FIGS. 22A through 22F are a flow chart of the signal 

input routine executed by the control computer shown 
in FIG. 2B; 

FIGS. 23A and 23B are a flow chart of the signal 
output routine executed by the control computer shown 
in FIG. 2B; 

FIGS. 24A and 24B are a flow chart of the timeout 
routine executed by the control computer shown in 
FIG. 2B; 

FIG. 25A is a flow chart of the S.BURST.IN subrou 
tine executed by the control computer shown in FIG. 
2B; 
FIG. 25B is a flow chart of the E.BURST.IN subrou 

tine executed by the control computer shown in FIG. 
2B; 
FIG. 25C is a flow chart of the S.BUNDLE.IN sub 

routine executed by the control computer shown in 
FIG. 2B; 
FIGS. 25D and 25E are a flow chart of the 

S.BURST.OUT subroutine executed by the control 
computer shown in FIG. 2B; 

FIG. 25F is a flow chart of the EBURST.OUT sub 
routine executed by the control computer shown in 
FIG. 2B; 

FIG. 25G is a flow chart of the S. BUNDLE.OUT 
subroutine executed by the control computer shown in 
FIG. 2B; 
FIG. 25H is a flow chart of the REQSIG subroutine 

executed by the control computer shown in FIG. 2B; 
FIG. 25I is a flow chart of the REQOUT subroutine 

executed by the control computer shown in FIG. 2B; 
FIG. 25.J is a flow chart of the ASSIGN.SPACE 

subroutine executed by the control computer shown in 
FIG. 2B; 
FIG. 25K is a flow chart of the RELEASE. SPACE 

subroutine executed by the control computer shown in 
FIG. 2B; 
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FIG. 25L is a flow chart of the ASSIGN.TRUNK 
subroutine executed by the control computer shown in 
FIG. 2B; 

FIG. 25M is a flow chart of the RELEASE.TRUNK 
subroutine executed by the control computer shown in 
FIG. 2B; and 
FIG. 25N is a flow chart of the RETREAT subrou 

tine executed by the control computer shown in FIG. 
2B. 

DETALED DESCRIPTION 

Before proceeding to a detailed description of the 
drawings, it should be noted that all of the circuits de 
scribed herein may be realized, in the illustrative em 
bodiment, by using integrated circuits. Suitable circuits 
can be found, for example, in "The Integrated Circuit 
Catalog,' first edition, Catalog CC401, published by 
Texas Instruments, Inc. and, alternatively, in "The Mi 
croelectronics Data Book,' second edition, by Motor 
ola Semiconductor Products, Inc., dated December, 
1969. 

Referring more particularly to FIG. 1A, there is 
shown a graphical representation of a data transmission 
system in accordance with the present invention. The 
system comprises a plurality of switching units 10 
which are interconnected by means of transmission lines 
12. Each switching unit 10 has attached thereto at least 
one transmission loop 14. Each such transmission loop 
14 is connected to at least one loop access module 16. 
Loop access module 16 serves to steer data around loop 
14 and to take data from the loop and place data on the 
loop in the manner to be described in greater detail 
hereinbelow. Each loop access module 16 is connected 
to a terminal interface unit 17 which provides an inter 
face between an attached digital device 18 and the re 
mainder of the system. Data transmission in the system 
is primarily controlled by the interaction of terminal 
interface unit 17 and switching unit 10. 

This interaction is shown schematically in FIG. 1B. 
FIG. 1B illustrates a full-duplex transmission path in 
which one terminal interface unit 19 of the type shown 
in FIG. 1A transmits data to another terminal interface 
unit 23 which receives it. The receiving terminal inter 
face unit 23 responds by sending either data or signals or 
both back to the transmitting terminal interface unit 19. 
Since the transmission path is full-duplex, these actions 
can occur simultaneously. 
While it is possible for two terminal interface units 17 

(FIG. 1A) on the same transmission loop 14 to commu 
nicate, a typical communication will, as shown in FIG. 
1B, involve more than one switching unit. The detailed 
system algorithm by which this communication takes 
place is described hereinbelow following the detailed 
descriptions of the apparatus shown in FIG. 1A. How 
ever, a consideration of the following brief description 
of the process of communication in the system of FIG. 
1A will make the apparatus description more readily 
understandable. 
The digital transmission system of FIG. 1A provides 

each digital device 18 that uses the system with the 
capability of selecting up to 256 other devices in the 
system to which it can transmit data or from which it 
can receive data. Each such selection comprises a 
"channel' which is used herein to mean a previously 
selected route. Thus it is as if each digital device had 
attached to it 256 full-duplex channels each of which it 
could use on a one-at-a-time basis to send or receive 
data. Although each device has only 256 channels, the 
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6 
destinations of these channels can be changed by the 
device as desired. One of these channels is reserved for 
communication with the switching unit that controls 
the transmission loop to which the particular device is 
attached. This channel, termed the "control channel,' is 
used by the terminal interface unit associated with the 
digital device to set up a data transmission path by pro 
viding the most immediately associated switching unit 
with the full address of the intended destination of the 
data appearing on each of the remaining 255 channels. 
The control channel is also used by the switching unit to 
command the digital device to pick the channel on 
which it wishes to receive data being sent by another 
digital device. The switching unit maintains a list show 
ing the correspondence between the absolute addresses 
and the 256 channels of each of the digital devices con 
nected to it. Thus for each transmission or reception, a 
digital device need only handle an eight bit address. 
FIG. 1B illustrates a single full-duplex channel between 
a transmitting terminal unit 19 and a receiving terminal 
unit 23. Terminal interface units 19 and 23 and the 
switching units 20, 21, and 22 are shown as comprising 
components labeled with subscripted a's and 6's. The 
label 'a' is associated with the transmission of data 
while the label "6" is associated with the reception of 
data. The connection between a particular a and the £3 
to which it transmits is termed a "link." The subscript 
"T" is associated with that half of the full-duplex path, 
which is termed a "subchannel' and shown in FIG. 1B 
as path 15, that transmits data from the transmitting 
terminal interface unit 19 to the receiving terminal in 
terface unit 23. The subscript "R" is associated with the 
other subchannel of the full-duplex path. 
The a. and g "components" referred to above and 

shown in FIG. 1B refer not to apparatus but to stored 
processes and parameters which serve to control the 
transmission and reception of data between the terminal 
interface units and the switching units. The a processes 
use the a parameters to control transmission of data 
while the f8 processes use the 6 parameters to control 
reception of data. The exact manner in which these 
processes provide the desired data communication will 
be discussed in greater detail below. In general, a termi 
nal interface unit will only have a single set of a param 
eters and a single set of 6 parameters, both sets of which 
are uniquely determined by the characteristics of the 
particular associated digital device. Hence the a. and A3 
parameters of a terminal interface unit remain the same 
for each of the 256 channels on which it can communi 
cate. 

This is not true, however, for the switching units. 
Each switching unit will, at any instant, be communicat 
ing on only a particular one of the 256 full-duplex chan 
nels of a specified terminal interface unit. Each half of 
this channel has an associated a-fi pair which need not 
correspond to the a-fé pair on the other half of the 
channel. In the example shown in FIG. 1B, or repre 
sents the transmitting characteristics of transmitting 
terminal interface unit 19, while (8R represents the 
receiving characteristics of that unit. Switching unit 20 
receives data on link 24 from terminal interface unit 19 
in accordance with the parameters (3T and retransmits 
the data to switching unit 21 on link 25 in accordance 
with parameters a T2. Similarly, switching unit 20 re 
ceives data sent by receiving terminal interface unit 23 
from switching unit 21 on link 28 in accordance with 
parameters (3R(n-1) and retransmit it to transmitting ter 
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minal interface unit 19 on link 29 in accordance with 
parameters a R. 
Each switching unit has two a-g pairs for each full 

duplex channel which is routed through it. Thus switch 
ing unit 22 may have, for example, not only the two a-g 
pairs shown in FIG. 1B, but also other such pairs allo 
cated for other channels from other terminal interface 
units associated with both switching unit 20 and switch 
ing unit 21. The allocation of such pairs in various 
switching units is termed "virtual allocation' since all 
that need be done is to store the correct a-g pairs. Thus 
many channels may be virtually allocated at any one 
time. A particular channel may be actually activated by 
directing the pertinent switching units to begin receiv 
ing and retransmitting data on a half duplex basis in 
accordance with that particular channel's a-6 appro 
priate pair. 

Continuing then with the description of the apparatus 
of FIG. 1A, FIG. 2A is seen to be a more detailed de 
scription of a single switching unit 10. Each switching 
unit 10 comprises a single control computer 30 which 
communicates with a plurality of line terminating units 
31. One line terminating unit 31 is required for each 
transmission loop 14 and each transmission line 12 that 
is connected to switching unit 10. These units serve to 
output data from control computer 30 onto transmission 
loops 14 and transmission lines 12. Transmission lines 12 
as well as transmission loops 14 are of the type suitable 
for synchronous, digital, fixed-frame transmission. In 
the following discussion of the exemplary embodiment 
of this invention, it will be assumed that transmission 
lines 12 and transmission loops 14 comprise standard T1 
carrier lines of the type well known in the prior art. 
FIG. 2B is a more detailed diagram of the apparatus 

required to control a single transmission loop to which 
is connected a single loop access module 16. Since each 
line terminating unit 31 operates in the same manner 
irrespective of whether it is connected to a transmission 
line 12 or a transmission loop 14, a detailed description 
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of the apparatus shown in FIG. 2B will suffice to ex- 40 
plain the operation of the system shown in FIG. 1A. 
Turning then to control computer 30 shown in FIG. 

2B, it is this device that performs the aforementioned 
processes of virtual allocation and actual activation of 
channels that is required to enable terminal interface 45 
unit 17 to communicate with other terminal interface 
units in the system. Control computer 30 may be any of 
the many commercially available general-purpose digi 
tal-computers. The computer chosen for any particular 
implementation will be determined by the size of the 
system that is desired. In the following discussion, com 
puter 30 is assumed to be a TEMPO 1 computer which 
is manufactured by TEMPO Computers, Incorporated, 
a division of General Telephone and Electronics, Incor 
porated. 

Control computer 30 is connected to loop transmit 
buffer 34 of line terminating unit 31 by means of lines 32. 
Since the TEMPO 1 computer has a sixteen-bit output, 
lines 32 shown in FIG. 2B comprise 16 separate wires 
which interconnect the output register of the TEMPO 
1 computer and the loop transmit buffer 34. Loop trans 
mit buffer 34 temporarily stores the sixteen-bit words 
output by the control computer 30. After buffering this 
data, the loop transmit buffer 34 outputs it to the byte 
disassembler 40. Each such output comprises a ten-bit 
word, eight bits of data from the control computer 30 
and two bits of control information which are supplied 
by the circuitry of the loop transmit buffer 34 in the 

50 

55 

8 
manner which is described in conjunction with FIGS. 
SA and 5B. 
These twelve-bit words are transferred from loop 

transmit buffer 34 to byte disassembler 40 of line termi 
nating unit 31 by means of lines 38 which comprise 
twelve wires, one for each bit. Byte disassembler 40 
serves to transform the output of loop transmit buffer 34 
into serial data for transfer to terminal matching unit 42 
over line 44. 

Terminal matching unit 42 of line terminating unit 31 
supplies the interface that connects the input and output 
of control computer 30 to the transmission loop 14 or, 
alternatively, to a transmission line 12 for those line 
terminating units 31 that are connected to transmission 
lines 12. This terminal matching unit comprises stan 
dard T1 equipment which can be commercially ob 
tained from the Vicom division of the Vidar Corpora 
tion as the Vicom 2020 Terminal Matching Unit. Termi 
nal matching unit 42 is connected to office repeater 50 
by means of lines 46 and 48. Lines 46 comprise a pair of 
wires which allow data to be transmitted from control 
computer 30 to transmission loop 14 and lines 48 com 
prise a pair of wires which allow data to be transmitted 
from transmission loop 14 to control computer 30. 

Office repeater 50 serves to provide power for the T1 
line comprising transmission loop 14. This unit is also 
commercially available under the name of Vicom 2010 
Office Repeater. 
As can be seen in FIG. 2B, data flows out of office 

repeater 50 onto transmission loop 14 and is transferred 
to line repeater 52 which is contained in loop access 
module 16. Line repeater 52 serves to retransmit data 
received on transmission loop 14 from office repeater 50 
and also serves as the means by which loop access mod 
ule 16 takes data from line 14 and places data onto loop 
14. Line repeater 52 is also a piece of commercial T1 
equipment which is obtainable under the name of the 
Vicom 1550-04 Self-Equalizing Line Repeater. Line 
repeater 52 is line powered and serves to automatically 
adjust for variations in the length of cable between 
adjacent repeaters subject to a range limitation. In those 
implementations in which loop access modules are very 
close together and hence out of the compensation range 
of the repeaters, 15 decibel artificial cable networks 
may be inserted between repeaters in a manner which 
will be apparent to those of ordinary skill in the art. 

In order to insure proper operation of the system if 
power should fail at a particular loop access module, 
each loop access module 16 is provided with a protec 
tion relay 54. Protection relay 54 has transfer contacts 
which when unenergized connect lines 78 and 80, and 
when energized connect lines 79 and 80. Thus if a signal 
is not supplied to protection relay 54 on line 77 by 
power monitors 76, the protection relay will short-cir 
cuit loop access module 16 and simply allow data to be 
retransmitted on transmission loop 14 by line repeater 
52. 
Power monitor 76 is a triggerable one-shot multivi 

brator and will hence supply an output signal as long as 
it is supplied with power from terminal interface unit 17 
and is also continuously triggered by AND gate 73. 
AND gate 73 has two inputs, one from interface com 
puter 62 which is periodically supplied if interface com 
puter 62 is functioning properly, and one from data 
multiplexer 58 through inverter 74. The signal supplied 
by data multiplexer 58 indicates that a framing error 
was detected in the data input on lines 71. Inverter 74 
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thus inhibits AND gate 73 when an error signal is sup 
plied by data multiplexer 58 on line 75. 
Matching unit 56 of loop access module 16 shown in 

FIG. 2B serves the same function as terminal matching 
unit 42. Indeed, matching unit 56 may also comprise a 5 
Vicom 2020 Terminal Matching Unit. 

Data multiplexer 58 of terminal interface unit 17 
shown in FIG. 2B serves to receive data from matching 
unit 56 of loop access module 16 on lines 71, and to 
transfer data to matching unit 56 on lines 72. Data multi- 10 
plexer 58, shown in greater detail in FIGS. 6A-6, 
serves to assemble the serial data coming from matching 
unit 56 into eight-bit words for transmission to terminal 
buffer 60, and also serves to disassemble eight-bit words 
from terminal buffer 60 into serial data to be transferred 15 
back to matching unit 56. 

Terminal buffer, 60, which is explained in greater 
detail in conjunction with FIGS. 7A-7F, serves to 
buffer data going to and coming from digital device 18, 
This buffer serves to isolate digital device 18 from the 20 
synchronous speed of transmission loop 14. 
The control of terminal interface unit 17 is provided 

by the interface computer 62. Interface computer 62, 
which is explained in greater detail in conjunction with 
FIGS. 9A-9F, is a digital computer which has a limited 25 
instruction repertoire. This instruction repertoire is, 
however, sufficiently flexible to allow programming the 
interface computer 62 to do the variety of tasks which 
are of critical importance in the implementation of the 
aforementioned transmission algorithm. In this illustra- 30 
tive embodiment a specially designed digital computer 
is disclosed; however, the functions performed by inter 
face computer 62 could alternatively be implemented 
by using a commercial digital computer as will become 
apparent to those of ordinary skill in the art by the 35 
further discussion of interface computer 62. 

Serial data emerging from line repeater 52 of loop 
access module 16 returns to control computer 30 by 
way of the office repeater 50 and terminal matching unit 
42. The data is transferred serially from terminal match- 40 
ing unit 42 by line 6200 to byte assembler 64. Byte as 
sembler 64 performs the converse of the operation per 
formed by byte disassembler 40; that is, it assembles the 
serial data from terminal matching unit 42 into eight-bit 
bytes for transmission to loop receive buffer 66 on lines 45 
68. 
Loop receive buffer 66 operates in a manner analo 

gous to loop transmit buffer 34 and is explained more 
fully in conjunction with FIGS. 5D and 5E, 

Before proceeding to the more detailed diagrams of 50 
the apparatus shown in FIG.2B, it will be advantageous 
to consider first the data format of the system as shown 
in FIGS. 3A and 3B, 
The format shown in FIG. 3A is seen to be the stan 

dard T1 line format. The bit sequence appearing on the 55 
T1 line is divided into standard frames each comprising 
a framing bit followed by 192 timeslots. The framing bit 
alternates between a '1' and a "O' on successive 
frames. The concatenation of two successive standard 
frames will be termed herein a "master frame' and is 60 
understood to always begin with a frame whose framing 
bit is a 1. 
The 192 time slots of a standard frame are seen in the 

expanded view in FIG. 3B to be further subdivided into 
24 subgroups of eight slots each. These slots in each 65 
subgroup are labeled "1" through "8,' respectively. As 
shown, a 1 line bit occupies fifty percent of the time slot 
allotted to it, thereby resulting in a fifty percent duty 

10 
cycle pulse train. As is well known in the prior art, it is 
necessary when using a T1 line to insure that there are 
enough 1 bits on the line to keep the system clocks 
operational. To accomplish this, a 1 bit, which is com 
monly termed a "keep-alive bit,” is inserted into the 
sixth slot of every eight-slot subgroup. 
When the serial data on the transmission line is used 

in the system, such as by byte assembler 64 and data 
multiplexer 58 shown in FIG.2B, the framing and keep 
alive bits are ignored in the formation of the byte. Ex 
cluding these two types of bits, it can thus be seen that 
42 eight-bit bytes are formed in a master frame. 
The line format provided by the standard T1 line is 

utilized by the apparatus of the illustrative embodiment 
of this invention in the manner shown in FIGS. 4A, 4B, 
and 4.C. Both the network signaling and the transmis 
sion of system data are multiplexed onto the same line in 
the same manner. Of the 42 bytes that exist in a master 
frame, the first four bytes shown in FIG. 4B are re 
served exclusively for network control signaling, and 
the remaining 38 bytes are reserved for user supplied 
data. The first four bytes will be termed hereinafter a 
"signal packet' and the remaining 38 bytes will be 
termed a "data packet." As can be seen in FIG. 4B, 
signal packets and data packets are completely indepen 
dent even though they occur as a pair within a master 
frame. The first byte of each packet is understood to be 
reserved for an identification code or a special code 
indicating that the packet is currently empty. The 
packet formats are discussed in greater detail hereinbe 
low in conjunction with FIGS. 11A through 11C. 

LOOP TRANSMIT BUFFER 

Continuing then with the detailed description of the 
circuitry shown in FIG. 2B, FIGS. 5A and 5B are seen 
to comprise a detailed diagram of the loop transmit 
buffer 34 shown in FIG, 2.B. As shown in FIG, SA, the 
input to the loop transmit buffer 34 comprises a sixteen 
lines 150 from control computer 30. The output of the 
loop transmit buffer comprises eight lines 151 which are 
applied to byte disassembler 40. 
Loop transmit buffer 34 buffers data coming from 

control computer 30 and outputs it to byte disassembler 
40 in the proper sequence at the proper time. This func 
tion is accomplished through the control of memory 
152 shown in FIG. 5B. Memory 152 is a thirty-two 
word by sixteen-bit store which can be formed, for 
example, of eight integrated circuit memories such as 
bipolar LSI memory 3101 manufactured by Intel Cor 
poration. Under the control of the logic circuitry shown 
in FIGS. 5A and 5B, sixteen-bit words are read into 
memory 152 from control computer 30 while, on alter 
nate byte strobe signals issued on line BS from byte 
disassembler 40, eight-bit words are read out of memory 
152 on either of the eight lines 154 or the eight lines 155 
into eight-bit register 156 from whence they are clocked 
out to byte disassembler 40. The manner in which the 
control logic accomplishes this is as follows. 
Clock 186 shown in FIG. 5A provides the basic tim 

ing for loop transmit buffer 34. This clock comprises an 
astable multivibrator which runs at a 5 megahertz rate. 
The output of clock 186 is applied to flip-flop 158 which 
is a triggered flip-flop; that is, it changes state each time 
it receives a pulse from clock 186. Flip-flop 158 serves 
to divide the pulse train from clock 186 into two pulse 
trains operating at one-half the frequency of clock 186. 
The Q output of flip-flop 158 is applied to AND gate 
159 while the Q output of flip-flop 158 is applied to 
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AND gate 160. Additionally, each of these two gates 
have as their second input the output of clock 186. Thus 
the outputs from AND gates 159 and 160 are seen to be 
two 2.5 megahertz pulse trains that are 180 out of 
phase. The pulse train from AND gate 159 is used to 
read sixteen-bit words from control computer 30 into 
memory 152, while the output from AND gate 160 is 
used to read eight-bit bytes from memory 152 to byte 
disassembler 40. 

First consider the reading of sixteen-bit words from 
control computer 30 into memory 152. This process is 
accomplished on a command-acknowledge basis. Com 
mands from control computer 30 are transferred on line 
163 to rising edge trigger 164. This trigger, which is 
shown in greater detail in FIG. 5C, provides a strobe 
output to NAND gate 161 upon receipt of a command 
from control computer 30 unless an inhibit signal has 
been received from six-bit comparator 166 in accor 
dance with the discussion hereinbelow. The rising edge 
trigger circuit 164 also serves, unless it is inhibited, to 
supply an acknowledge signal to control computer 30 
on line 165 each time it receives a command. 

RISING EDGE TRIGGER CIRCUIT OF THE 
LOOP TRANSMIT BUFFER 

Rising edge trigger circuit 164 is shown in greater 
detail in FIG. 5C. In the circuit's quiescent state both of 
D-type flip-flops 189 and 193 have a 1 on their Q out 
puts causing the strobe output to be a 0 and the ac 
knowledge output to be a 1. A strobe pulse is generated 
in response to a command being applied to the D input 
of flip-flop. 189. When a command is applied, flip-flop 
189 changes to its set state the next time a clock pulse is 
applied to the clock input of flip-flop. 189. Since at the 
time flip-flop. 189 becomes set flip-flop 193 is still reset, 
AND gate 194 goes to a 1 output, thus beginning the 
strobe pulse output. 
The trailing edge of the clock pulse that sets flip-flop 

189 is coupled through inverter 192 to the clock input of 
flip-flop 193. This allows the 0 on the Q output of flip 
flop. 189 to be coupled through NAND gate 191 to the 
D input of flip-flop 193, causing it to change state. The 
acknowledge line thus falls, causing the output of AND 
gate 194 to fall, thereby terminating the strobe pulse 
output. The circuit remains in this state until the com 
mand line falls, at which time it returns to its quiescent 
state until the command line is again raised. 
The generation of the strobe pulse output will be 

inhibited if a l is applied to the inhibit input. Inverter 
190 converts this into a 0 which prevents NAND gate 
191 from responding to the Q output of flip-flop. 189. 
This, in turn, prevents the acknowledge output from 
going to a 1. 

Returning then to FIG. 5A, NAND gate 161 is thus 
seen to be enabled whenever the strobe signal from 
rising edge trigger 164 corresponds with the output 
from gate 159. When both these inputs are simulta 
neously present at gate 161, it generates an output signal 
to memories 167 and 152 and to six-bit counter 168. This 
output signal causes memories 167 and 152 to store the 
words currently appearing on their inputs. 
Memory 167 is a thirty-two-word-by-two-bit mem 

ory which serves to store two bits of information which 
are applied to memory 167 by control computer 30 on 
lines 169 and 170. These two bits comprise status infor 
mation which is output to byte disassembler 40 at the 
appropriate time. The bit appearing on line 169 signifies 
the type of packet currently being transmitted, either a 

5 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

12 
data packet or a signal packet, and the bit on line 170 
serves to indicate when byte zero of either a signal 
packet or a data packet is being transmitted. 

Six-bit counter 168 serves to keep track of the address 
in each of memories 167 and 152 which is currently 
being written into by control computer 30. The same 
addresses in each of memories 167 and 152 are always 
simultaneously addressed. The output from gate 161 
increments six-bit counter 168 each time a command is 
received from control computer 30 to store another 
word into memories 167 and 152. This serves to provide 
the correct address for the storage that follows the next 
command from control computer 30, 
Turning then to the apparatus which transfers eight 

bit bytes of the words stored in memories 152 and 167 to 
byte disassembler 40, this apparatus is seen to be under 
the control often-bit shift register 171. Shift register 171 
receives both of its inuts from byte disassembler 40. One 
of these inputs, the D36 input, comprises a signal that 
falls to a 0 ech time byte disassembler 40 requests the 
thirty-sixth byte of a thirty-eight byte data packet. This 
input serves to put a 0 into shift register 171. This partic 
ular signal is used to provide a reference point from 
which the type of packet which is currently being trans 
mitted can always be determined. The other input to 
shift register 171 is the byte strobe signal, BS, which is 
supplied by byte disassembler 40 each time it requests a 
new byte to be transferred from the memory 152. The 0 
bit that is inserted in the left side of shift register 171 is 
right-shifted each time the byte strobe signal occurs. 

After shift register 171 has been right-shifted twice, 
once for the D36 and D37 byte strobes, the next byte 
strobe will be the beginning of a signal packet. Since the 
third through the sixth output taps of shift register 171 
are connected to NAND gate 171B, the output of this 
gate, which is applied to two-bit comparator 173, is a 1 
when a signal packet is being processed by byte disas 
sembler 40. 
A 0 on the third output tap of shift register 171 indi 

cates that the first byte of a signal packet is being pro 
cessed while a 0 on the seventh output tap of shift regis 
ter 171 indicates that the first byte of a data packet is 
being processed. Thus the output of NAND gate 171A 
is a 1 when the first byte of a packet is being processed. 
The outputs of NAND gates 171A and 171B are applied 
to the two-bit comparator circuit 173. Comparator cir 
cuit 173 also receives input from register 174 which 
serves as a holding register for memory 167 in the same 
manner that register 156 serves as a holding register for 
memory 152. Comparator circuit 173 thus serves to 
compare the packet type and byte number which is 
currently being processed by byte disassembler 40 with 
the packet type and byte number which are currently 
resident in register 156. 
When these inputs are the same, comparator 173 

supplies an output signal through gate 175 to six-bit 
counter 176. Gate 175 is a four-input AND gate having 
2 of its inputs inverted by inverters 175A and 175B. 
Thus the output signal from comparator 173 passes 
through gate 175 to counter 176 at the proper time as 
determined by the inputs to gate 175 which are supplied 
by flip-flop. 172, NAND gate 146, and comparator 166. 
The output of gate 175 causes counter 176 to be incre 
mented. Counter 176 serves as an address counter 
which keeps track of the current address in memories 
167 and 152 from which the byte disassembler 40 is 
reading in a manner analogous to that in which counter 
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168 keeps track of the address into which control con 
puter 30 is writing. 
Memory 152 comprises thirty-two memory words 

each containing sixteen bits. However, since it is desired 
to read each of these words out to byte disassembler 40 
in eight-bit bytes, it is necessary to alternate reading out 
one-half of the memory on the eight lines 155 and read 
ing the other half of the memory on the eight lines 154. 
This alternate reading is accomplished by means of 
flip-flop. 172 and OR gates 177 and 178. 

Flip-flop 172 receives its clocking input from the BS 
signal line of byte disassembler 40. Thus flip-flop. 172 
serves to divide the byte strobe pulses into two pulse 
trains, one pulse train appearing on the Q output of 
flip-flop 172 and the other on the Q output of flip-flop 
172. These two pulse trains are applied respectively, to 
OR gates 177 and 178; the Q output of flip-flop 172 
being applied to OR gate 178, and the Q output of flip 
flop 172 being applied to OR gate 177. The outputs of 
these two gates go to the "Select" inputs on the afore 
mentioned memory circuits. 
The memory circuits which comprise memory 152 

are characterized in that the contents of the currently 
selected addressed location are available as the output 
whenever the select signal is given. Since the select 
signals are given in an alternating fashion by the outputs 
from OR gates 177 and 178, register 156 is loaded first 
from one-half of memory 152 and then from the other 
half, and then, in the following time period, from the 
first half again. Thus it is seen that register 156 is loaded 
by alternate bytes of each word that is output from 
memory 152. 
The outputs of six-bit counters 176 and 168 are ap 

plied to memories 167 and 152 by means of select circuit 
179. For simplicity, only one detailed portion of select 
circuit 179 has been shown in FIG. 5B. in actuality, 
circuit 179 comprises five sets of circuits 179A through 
179E. Each of these comprises, as shown in detail in 
circuit 179A, AND gates 180, 181, OR gate 182 and 
inverter 183 that are shown in FIG. 5B. That is, the 
circuit 179A comprises the circuitry needed to gate one 
bit of the five least significant bits from each of counters 
176 and 168 to the five-bit address inputs of the two 
memories. AND gate 181 has as its inputs a bit from 
counter 176 and the Q output of flip-flop 158. Thus 
whenever flip-flop 158 is reset, which occurs during the 
time which is allocated for byte disassembler 40 to read 
bytes out of memory 152, AND gate 181 has as its out 
put one bit from counter 176. This is applied by means 
of OR gate 182 to memories 167 and 152. Thus when 
ever flip-flop 158 is reset, the address suplied to memo 
ries 167 and 152 is that determined by counter 176 
which is the counter which keeps track of the correct 
location from which byte disassembler 40 should be 
reading. In a similar fashion, AND gate 180 has as its 
input a bit from counter 168 and the Q output of flip 
flop 158 as inverted by inverter 183. Thus on alternate 
cycles of clock 186, AND gate 180 will supply a bit 
from counter 168 through OR gate 182 to the address 
inputs of memories 152 and 167. Thus it is seen that 
select circuit 179 serves to apply addresses to memories 
167 and 152 in an alternating fashion, first the address 
into which control computer 30 is currently writing and 
then the address from which byte disassembler 40 is 
currently reading. 

Six-bit comparator 166 serves to compare the outputs 
from counters 176 and 168. When these outputs are 
equal, indicating that the location into which control 
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computer 30 will next write is the same location from 
which byte disassembler 40 will next read, this indicates 
that the memories 167 and 152 are empty and hence a 
signal is output on line 166A to AND gate 175 through 
inverter 175B. When comparator 166 determines that 
the address from which byte disassembler 40 will next 
read is equal to the sum of the address into which con 
trol computer 30 has just written plus thirty-two, which 
indicates that memories 167 and 152 are full, then an 
output signal will be generated on line 149 and applied 
to rising edge trigger circuit 164. This signal will serve 
to inhibit the generation of an acknowledge command 
on line 165 in the manner described hereinbefore. This is 
done because since the memories 167 and 152 are now 
full, control computer 30 must be prevented from writ 
ing any more information into them until room has been 
provided by means of byte disassembler 40 reading out 
a word of the stored information. 

Flip-flops 147 and 148 serve to synchronize the loop 
transmission buffer of FIGS. 5A and 5B. The T1 trans 
mission line is a synchronous line while the control 
computer 30 is an asynchronous device. It is thus neces 
sary to insure that the outputs from control computer 30 
are supplied to the transmission line in the proper time 
sequence. The input to flip-flop 147 is the byte strobe 
signal on line BS from byte disassembler 40. The output 
of flip-flop 147 is copied into flip-flop 148 whenever 
AND gate 159 generates an output. When flip-flop. 148 
receives its input from flip-flop 147, this is output to 
NAND gate 146. The next time that gate 160 generates 
an output, NAND gate 146 generates an output to regis 
ters 174 and 156, which causes these registers to read 
from memories 167 and 152, respectively. The outputs 
of these registers are then available to byte disassembler 
40. Register 174 provides its output by means of in 
verter 185 and AND gates 184 and 186. Register 156 
provides eight bits of output on eight lines 151. 

LOOP RECEIVE BUFFER 

Continuing with the detailed description of the cir 
cuitry shown in FIG, 2B, FIGS. 5D and 5E are seen to 
be a detailed diagram of the loop receive buffer 66 
shown in FIG. 2A. As shown in FIG. 5E, input to the 
loop receive buffer 66 comprises eight lines 195 from 
byte assembler 64. The output of the loop receive buffer 
comprises sixteen lines 209 which are applied to control 
computer 30. 
Loop receive buffer 66 performs the converse of the 

function performed by loop transmit buffer 34. That is, 
loop receive buffer 66 stores eight-bit bytes from byte 
assembler 64, forms them into sixteen-bit words, and 
transfers then to control computer 30. This function is 
accomplished through the proper control of memories 
196 and 203 in the following manner. 
Memory 196 is a sixteen-word-by-sixteen-bit memory 

which can be formed for example, from eight integrated 
circuit memories such as bipolar LSI memory 3101 
manufactured by Intel, Inc. Under the control of the 
logic circuitry shown in FIGS. 5D and 5E, eight-bit 
bytes are written into memory 196 from byte assembler 
64 while, on alternate byte strobe signals from byte 
assembler 64, sixteen bit words are read out of memory 
196 into sixteen bit register 197 from whence they are 
clocked out to control computer 30. The manner in 
which the control logic accomplishes this is as follows. 
Clock 198 provides the basic timing for the loop 

receive buffer. This clock comprises an astable multivi 
brator which runs at a 5 megahertz rate. The output of 
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clock 198 is applied to flip-flop 199 which is a triggered 
flip-flop, that is, it changes state each time it receives a 
pulse from clock 198. Flip-flop 199 serves to divide the 
pulse train from clock 198 into two pulse trains operat 
ing at one-half the frequency of clock 198. The Q output 5 
of flip-flop 199 is applied to AND gate 200 while the Q 
output of flip-flop 199 is applied to AND gate 201. 
Additionally, each of these two gates have as their 
second input the output from clock 198. Thus the out 
puts from AND gates 200 and 201 are seen to be two 2.5 10 
megahertz pulse trains that are 180 degrees out of phase. 
The pulse train that is output by AND gate 201 is used 
to write eight-bit words from byte assembler 64 into 
memory 196, while the output from AND gate 200 is 
used to read sixteen-bit words from memory 196 to 15 
register 197, from which it is available to control com 
puter 30. 
The output of AND gate 201 is applied to NAND 

gate 202. The other input to gate 202 is the Q output of 
flip-flop 225. Flip-flop 225 in conjunction with flip-flop 20 
204 serves to synchronize the operation of loop receive 
buffer 64 with the timing of the T1 transmission line in 
the same manner as flip-flops 147 and 148 shown in 
FIG. 5A serve to synchronize the loop transmit buffer 
34 with the T1 transmission line. Thus the timing pulse 25 
from gate 201 is applied by gate 202 to the write input 
of memories 196 and 203 immediately after the byte 
strobe signal is applied from byte disassembler 64 on 
line B.S. 
The address into which the current byte from byte 30 

assembler 64 will be written is determined by five-bit 
counter 205. The particular byte of that address into 
which the current output from byte assembler 64 will be 
written is determined by gates 206 and 207 under the 
control of flip-flop 208. This determination is exactly 35 
analogous to that made by gates 177 and 178 under the 
control of flip-flop. 172 which is shown in FIG. 5A. 
That is, the incoming bytes are placed in alternate bytes 
of the word. 
Counter 205 is incremented by the output from 40 

NAND gate 202 provided that it is not inhibited by the 
output of NAND gate 219. The inputs to gate 219 are 
derived from ten-bit shift register 211. 
One input to shift register 211 is the byte strobe signal 

which is supplied on line BS by byte assembler 64 each 45 
time it sends an eight-bit byte out on lines 195. The 
other input to shift register 211 is the D36 pulse, which 
when applied through inverter 212 puts a 0 into shift 
register 211. The D36 pulse is emitted by byte assembler 
64 each time it sends the thiry-seventh byte of a thirty- 50 
eight byte data packet. This particular signal is used to 
provide a reference point from which the type of packet 
currently being transmitted can be easily determined. 
The 0 bit that is inserted in the left side of shift register 
211 is right-shifted each time the byte strobe signal 55 
occurs. The output taps of the register are used as fol 
lows. 

After shift register 211 has been right-shifted twice, 
once each for the D36 and D37 byte strobes, the next 
byte strobe will be the beginning of a signal packet, 60 
Thus the third output tap in FIG. 5D, is connected by 
means of inverter 200 to the Kinput of JK flip-flop 208. 
The outputs of flip-flop. 208 are applied to OR gates 206 
and 207 which drive the "Select" inputs of memory 196 
and thus serve to write eight-bit bytes into alternate 65 
halves of a memory word in the same manner that OR 
gates 177 and 178 shown in FIG. 5B serve to read alter 
nate halves of words out of memory 152. 

16 
The fourth output tap of the shift register 211 signifies 

the second byte in a signal packet. This is applied 
through inverter 213 to OR gate 215. If a signal is simul 
taneously present on the READ input line, indicating 
that the current packet is not an empty one, then AND 
gate 218 will transfer a 1 to memory 203. The eighth 
output tap of register 211, which signifies the second 
byte in a data packet, is also applied to OR gate 215 by 
means of inverter 214. Thus it can be seen that AND 
gate 218 will transfer a 1 bit to memory 203 whenever 
the second byte of either a signal or data packet that is 
not empty is being stored in memory 196. 
NAND gate 216 has as its inputs the third through 

tenth output taps of shift register 211. NAND gate 216 
thus only has an output when any one of the signals on 
these output taps are 0's. This corresponds to the four 
bytes of a signal packet and the first four bytes of a data 
packet. This information is all control information used 
by the system in the manner discussed hereinbelow and 
hence the output of NAND gate 216 is transferred on 
line 223 to memory 203. 
Memory 203 is addressed by select circuit 227 which 

is driven by five-bit counters 205 and 226. Counter 205 
controls the address into which byte assembler 64 
writes while counter 226 controls the address from 
which control computer 30 reads. Counter 205 is inhib 
ited by NAND gate 219 when there is no signal on the 
READ input and when, simultaneously, the packet 
currently being processed is not the second byte of a 
signal packet and thus the write addressing of memory 
196 is inhibited. Select circuit 227 is exactly the same as 
select circuit 179 shown in greater detail in FIG. 5B and 
operates in exactly the same manner to supply the cor 
rect read and write addresses to memories 203 and 196. 
Next consider the reading of sixteen-bit words from 

memory 196 into control computer 30. This process is 
accomplished on a command-acknowledge basis. Com 
mands from control computer 30 are transferred on line 
237 to falling edge trigger 210. This trigger, which is 
shown in greater detail in FIG. 5F, provides a strobe 
output to NAND gate 229 upon receipt of a command 
from control computer 30 unless an inhibit signal has 
been received from five-bit comparator 228 in accor 
dance with the discussion hereinbelow. The falling edge 
trigger circuit 210 also serves to supply an acknowledge 
signal to control computer 30 on line 238 each time it 
receives a command unless it is inhibited. 

FALLING EDGE TRIGGER CIRCUIT OF THE 
LOOP RECEIVE BUFFER 

Falling edge trigger circuit 210 is shown in greater 
detail in FIG. 5F. In the circuit's quiescent state D-type 
flip-flop. 231 is in the set state and flip-flop. 235 is in the 
reset state causing the strobe output to be a 0 and the 
acknowledge output to be a 1. A strobe pulse is gener 
ated in response to a command being applied. Flip-flop 
231 changes to its reset state the next time a clock pulse 
is applied to the clock input offlip-flop. 231. Since, at the 
time flip-flop. 231 becomes reset flip-flop. 235 is still 
reset, the output of AND gate 236 goes to a 1, thus 
beginning the strobe pulse output. 
The trailing edge of the clock pulse that sets flip-flop 

231 is coupled through inverter 232 to the clock input of 
flip-flop. 235. This causes the 0 on the Q output of flip 
flop. 231 to be coupled through NAND gate 234 to the 
D input of flip-flop. 235, causing the output of AND 
gate 236 to fall, thereby terminating the strobe pulse 
output. The circuit remains in this state until the com 
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mand line rises, at which time it returns to its quiescent 
state until the command line is again dropped. 
The generation of the strobe pulse output will be 

inhibited if a 1 is applied to the inhibit input. Inverter 
233 converts this into a 0 which prevents NAND gate 
234 from responding to the Q output from flip-flop. 231 
when a 1 is applied to the command input. This, in turn, 
prevents the acknowledge output from going to a 1. 

Reterning then to FIG. 5D and 5E, NAND gate 229 
is seen to be enabled whenever the strobe signal from 
falling edge trigger circuit 210 corresponds with the 
output from gate 200. When enabled, gate 229 incre 
ments counter 226 and provides a clocking signal to 
checksum circuit 239. 
Checksum circuit 239 provides a parity-like check on 

the sixteen-bit words sent to control computer 30 on 
lines 209. Checksum circuit 239 serves to EXCLUSIVE 
OR sixteen data words with the checksum word imme 
diately following it. This checksum word is generated 
when the data is sent in the manner to be described 
hereinbelow. In the absence of error, the output of the 
circuit is zero after each seventeenth word in a data 
packet. The manner in which the EXCLUSIVE OR 
between successive bits in the same bit position in suc 
cessive words is formed can best be appreciated by the 
following example. Consider for example, the ith bit 
position of four successive words, N1, N2, N3, and N4. 
The EXCLUSIVE OR of the bit in the ith bit position 
in words N1 and N2 is formed. The result of this is 
EXCLUSIVE ORed with the ith bit position of word 
N3, the result of which is, in turn, EXCLUSIVE ORed 
with the ith bit position of word N4. This process is 
continuously repeated. For simplicity, only one portion 
of checksun circuit 239 is shown in FIG, SE, Checksum 
circuit 239 actually comprises sixteen sets of circuits, 
239A through 239P. Each of these, as shown in detail in 
circuit 239A, comprises EXCLUSIVE OR gate gate 
242 and D-type flip-flop. 241. Flip-flop. 241 stores the 
result of each output from gate 242 and supplies it as an 
input to gate 242 for the next word output from register 
197, thus achieving the desired result. The outputs from 
each of gates 242 form the sixteen lines 243 which are all 
inputs to OR gate 244. If any of these inputs are 1, 
indicating the presence of a checksum error, then OR 
gate 244 generates an error signal to control computer 
30 on line 245. Checksum circuit 239 is reset to zero by 
NAND gate 244A when the fourth byte of each data 
packet is given to control computer 30. 

DATA MULTIPLEXER 

Byte disassembler 40 and byte assembler 64, shown in 
FIG, 2B, perform functions analogous to that per 
formed by data multiplexer 58, also shown in FIG. 2B. 
In fact, a subset of the apparatus of data multiplexer 58 
can be used to implement byte disassembler 40 and byte 
assembler 64. Therefore, before discussing these latter 
two units, the logic diagram of data multiplexer 58 
which is shown in detail in FIGS. 6A through 6H will 
be discussed, FIG. 6I shows the manner in which FIGS. 
6A through 6H are connected. 
As shown, data multiplexer 58 serves as an interface 

between matching unit 56 of loop access module 16, and 
terminal buffer 60 and interface computer 62 of the 
terminal interface unit 17. The purpose of the multi 
plexer 58 is to collect the relevant data and signal pack 
ets from the transmission loop and to insert new ones 
onto the loop when circumstances permit. The general 
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manner in which data multiplexer 58 achieves this pur 
pose is as follows. 

All of the timing for the operation of data multiplexer 
58 is determined by system clock 250, although func 
tional control is exercised by the interface computer 62. 
Transmission line bits, excluding the "keep-alive" bit, 
are serially clocked into shift register 251. When a full 
byte has been clocked into shift register 251 it may be 
decoded, left untouched, or removed from the shift 
register on a parallel basis. 

Transmission is accomplished on a packet-by-packet 
basis. Once transmission of a packet commences, it 
continues until the entire packet has been transmitted. 
Transmission from terminal buffer 60 or from interface 
computer 62 can occur when an empty packet is de 
tected, or where the contents of a packet are removed 
by the terminal buffer, provided the packet type being 
processed by the data mltiplexer matches the packet 
type that interface computer 62 wants to have transmit 
ted. This matching requirement must be observed be 
cause signal packets and data packets are not inter 
changeable, as was discussed in connection with FIG. 
4B. In addition, the request from interface computer 62 
to transmit information must be detected by the data 
multiplexer before an appropriate time in order for 
transmission to be considered during the next packet 
time interval, 

In addition to the basic function mentioned above, the 
data multiplexer checks for incoming bipolar violations 
in the T1 line format and provides a means for pulse 
injection into the outgoing bit stream. This pulse injec 
tion inserts the "keep-alive" bit into the outgoing bit 
stream and is also used to insert a special error format 
into the outgoing bit stream at the appropriate time. 
This error format provides a means to signal subsequent 
stations on a loop that a bipolar violation has occurred 
in a particular packet. 
The manner in which these functions are performed 

by data multiplexer 58 will now be described in greater 
detail with specific reference to FIGs, 6A-6H. The 
order of the description below follows the order in 
which the various portions of the apparatus actually 
function during the typical operation of multiplexer 58. 
In order to facilitate this discussion and to provide bet 
ter continuity between figures, various ones of the input 
and output lines shown in FIGS. 6A-6H are labeled in 
accordance with the signals which they transmit or 
receive. 

Referring then specifically to FIG. 6C, matching unit 
56 is seen to provide a two wire input 353 to circuit 352. 
Circuit 352, which provides an interface between 
matching unit 58 and data multiplexer 58, is standard T1 
equipment obtainable under the name of Vicom 5120 
Data Receive Unit. Circuit 352 provides a clocking 
singla (RCV CLOCK) to system clock 250. Circuit 352 
also provides a repetitive set of eight pulses on lines D1 
through D8 which correspond to the eight slots in the 
subgroup in a standard T1 frame. It is to be noted that 
these pulses correspond to the line slots and not to ei 
ther the bits in a byte or to the bytes in a data packet. 
These bytes can be distinguished in that they are re 
ferred to by subscripted D's, Dothrough D37. The RCW 
CLOCK signal is also applied to receive flip-flop 253 
which serves to read the line bits serially into shift regis 
ter 251. 
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CLOCKS, COUNTING AND STEERING 
CIRCUITS OF DATA MULTIPLEXER 58 

Data multiplexer 58 has one system clock 250 and 
three subclocks driven from the system clock. System 
clock 250 comprises a one-shot multivibrator which 
serves to regenerate the RCV CLOCK signal from the 
matching unit 56, and thus its output comprises a near 
perfect fifty-percent duty cycle waveform. The sub 
clocks comprise serial strobe generator 254, parallel 
strobe generator 300, and status read pulse generator 
358. 

Serial strobe generator 254, which also comprises a 
one-shot multivibrator, generates a pulse on the falling 
edge of each pulse from system clock 250 which is used 
to strobe data serially into shift register 251. The pulse 
train from serial strobe generator 254 cannot, however, 
be used directly. As previously mentioned, the standard 
T1 line format includes a "keep-alive" bit in the line bit 
stream. In order that this "keep-alive" bit not be permit 
ted into shift register 251, the serial strobe correspond 
ing to the time at which this "keep-alive" bit appears at 
the input to shift register 251 must be inhibited. This is 
accomplished by the strobe steering circuit 255. 
The strobe steering circuit 255 has applied thereto the 

inverted D6 output (D6) from circuit 352. This inver 
sion is obtained by means of inverter 261. When the D6 
signal falls it serves to preset flip-flop 256. When flip 
flop 256 is preset, AND gate 257 is enabled and AND 
gate 258 is disabled. Therefore the strobe signal from 
serial strobe generator 254 cannot pass through gate 
258. During the time that gate 257 is enabled the serial 
strobe instead passes through gate 257 to the sixth slot 
error detector 262 enabling it to operate in the manner 
to be described hereinbelow. When signal D7 is gener 
ated by circuit 352, it is passed through inverter 355 and 
applied to flip-flop 256 thereby clearing it. This enables 
gate 258 and disables gate 257. Therefore the serial 
strobe generated by serial strobe generator 254 is again 
allowed to pass through gate 258 to shift register 251. 
Gate 258 is disabled only during the time period when 
the serial strobe corresponding to the "keep-alive' bit 
appears. Therefore the "keep-alive" bit is the only bit 
that is not permitted to enter shift register 251. The 
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output of AND gate 258 is also applied to the input of 45 
NAND gate 260. The output of NAND gate 260 is 
applied to three-bit counter 263 which in turn provides 
its output to six-bit counter 264. The outputs of counters 
263 and 264 provide timing signals for data multiplexer 
58. One timing signal generated by AND gate 361 is 
output on line D36 to terminal buffer 60 and to interface 
computer 62. That line is set to a 1 when counter 264 
contains the value 41. 
NAND gate 260 inhibits the steered serial strobe 

from AND gate 258 whenever the strobe correspond 
ing to the framing bit occurs. This action is analogous to 
that in which ther serial strobe corresponding to the 
"keep-alive" bit is inhibited. NAND gate 260, in con 
junction with flip-flop 259, removes the pulse strobe 
corresponding to the framing bit in order that the fram 
ing bit will not be counted as a bit of usable information. 
Whenever the signal DF is output from circuit 352 to 
inverter 265, the output of the inverter, DF, goes to 
zero, thereby presetting flip-flop 259. During the time 
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55 

that the Q output of flip-flop 259 is 0, the output of 65 
NAND gate 260 is 1. When the pulse D1 occurs flip 
flop 259 is cleard. Therefore, flip-flop 259 only inhibits 
NAND gate 260 for the time period in which the strobe 

20 
corresponding to the framing bit occurs. It is thus seen 
that the output of NAND gate 260 comprises a series of 
strobe pulses excluding those corresponding to the 
"keep-alive" bit and the framing bit. This pulse train is 
then counted using the beginning of a master frame as a 
reference point. This counting is initialized in the fol 
lowing manner. 
As previously mentioned, the beginning of a master 

frame occurs when the framing bit is a 1 bit. Data multi 
plexer 58 is initialized at the beginning of each master 
frame by the output of master frame reset pulse genera 
tor 266, which comprises an AND gate. The inputs to 
the master frame reset pulse generator 266 comprise the 
DF pulse and the U pulse which is output from inverter 
267. The U pulse, which is generated by circuit 352, is 
normally used in standard T1 systems, as is well known 
by those of ordinary skill in the art, to compare the 
actually received framing bit with the desired framing 
bit in order continuously to check that the incoming 
signal is correctly framed. Therefore, rather than use 
the actual framing bit as a criterion for the beginning of 
the master frame, the U pulse, which is a when the 
framing bit should be a 1, is used. Thus the beginning of 
a master frame is not dependent upon a line bit which 
may be in error. 

After counters 263 and 264 have been initialized by 
the output signal from master frame reset pulse genera 
tor 266, as inverted by inverter 168, the output of 
NAND gate 260, which contains a series of serial strobe 
pulses excluding those corresponding to the "keep 
alive' bit and the framing bit, is applied to the count 
input of three-bit counter 263. After the eighth one of 
these strobe pulses the output of three-bit counter 263 
will fall. At this time the eighth bit of the first byte has 
been clocked from receive flip-flop 253 into shift regis 
ter 251. Whenever output 252, the most significant bit of 
three-bit counter 263, falls, mode control flip-flop. 271 in 
mode control circuit 269 is set. Flip-flop. 271 had previ 
ously been cleared at the beginning of the master frame 
by the output from master frame reset pulse generator 
266. Flip-flop. 271 comprises a triggered flip-flop and 
hence any negative-going transition at the clock input 
will cause the flip-flop to change state. 

After the falling edge of output 252 of three-bit 
counter 263 occurs, the mode control flip-flop. 271 out 
put changes to a 1. Therefore, shift register 251 is ready 
to clock data in on a parallel basis before the next serial 
strobe occurs if it is decided to do so. Note that mode 
control flip-flop. 271 is set to the parallel mode after a 
complete eight-bit byte has been shifted into the shift 
register 251 irrespective of whether a parallel read-in 
will occur. If it is determined that transmission will 
occur, the parallel read-in to shift register 251 from 
select circuit 380 will occur prior to the falling edge of 
system clock 250. After the first byte of a packet has 
been completely read into shift register 251, a compari 
son identification byte of the packet must occur. 
To accomplish this identification, incoming packet 

status decoder 27 is used along with incoming packet 
status detector 273. To detect any empty packet, the 
outputs of shift register 251, inverted by inverters 
274-281, are applied to NAND gate 282 of incoming 
packet status decoder 272. If an empty packet is being 
passed through date multiplexer 58, the first eight-bit 
byte will necessarily be all 0's; therefore, since the in 
puts to NAND gate 282 are all the inverted outputs of 
shift register 251, all of the inputs will be 1, thereby 
causing the output of gate 282 to be a 0. NAND gate 
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283 decodes the identification number (ID) of the 
packet. The outputs of shift register 251, along with the 
inverted outputs of shift register 251 from inverters 
274-281, are supplied to two patch blocks 356 and 357. 
These patch blocks comprise supporting structures con 
taining terminals which are appropriately intercon 
nected so that when the ID of the attached terminal 
interface unit is present in shift register 251, all of the 
inputs to gate 283 will be 1 thereby causing its output to 
be 0. The outputs of NAND gates 282 and 283 are 
supplied to NOR gates 284 and 285, respectively of 
incoming packet status detector 273. 
Soon after the start of the first byte of a newly re 

ceived packet, either OR gate 286 or NAND gate 287 of 
transmit packet type initialization pulse generator 363 
will output a zero-going pulse to indicate the start of a 
new date packet or a new sigal packet, respectively. 
Note that these two pulses occur while the new packet 
is actually being read into shift register 251. This instant 
of time is after the parallel strobe corresponding to the 20 
last byte of the preceding packet and before the parallel 
strobe corresponding to the first byte of the next packet. 
The outputs of NAND gate 287 and OR gate 286 are 
applied to AND gate 288. Therefore the output of 
AND gate 288 will be a zero-going pulse during the first 
byte of a received packet, whether it is a signal packet 
or a data packet. The output of AND gate 288 is used to 
present flip-flop 289 and to clear flip-flops 290 and 291 
of incoming packet status detector 273. By presetting 
flip-flop 289, a 0 output of either of NAND gates 282 or 
283 is able to propagate through NOR gates 284 or 285, 
respectively, as a 1. 
The clock pulse used to clock the J input of JK flip 

flops 290 and 291 into the flip-flops is generated by the 
status read pulse generator 358 which comprises a 
NAND gate whose inputs are the output of mode con 
trol circuit 269 and the output from system clock 250. 

After the first byte of a new packet has been fully 
clocked into shift register 251, as after every complete 
byte, the mode control circuit 269 output rises to a 1. At 
that instant however, the output from system clock 250 
is in its low state. When the output from system clock 
250 rises to a 1, the output of the status read pulse gener 
ator 358 falls to a 0. This output is used to clock flip 
flops 289,290, and 291 of incoming packet status detec 
tor 273. At that time, whatever signal is on the J inputs 
of flip-flops 290 and 291 is transferred into those flip 
flops and appear on their outputs. Also at this time 
flip-flop 289 returns to the state where its Q output is a 
0 and its Q output is a 1. This is accomplished, as shown 
in FIG. 6E, by feeding the Q output back into the K 
input. Therefore, when the output of status read pulse 
generator 358 falls, the 1 input to the Kinput of flip-flop 
289 will cause the Q output to go to 0 and the Q output 
to go to 1. With the Q output going to 1 the outputs of 
NOR gates 284 and 285 remain 0 until flip-flop 289 is 
again present. 
The output of NOR gate 284 is applied to the J input 

of JK flip-flop. 290 and the output of NOR gate 285 is 
applied to the J input of JK flip-flop. 291. Thus if an 
empty packet is identified, flip-flop. 290 is set so that its 
Q output goes to 1. If a terminal ID is decoded satisfac 
torily, flip-flop. 291 is set so that its Q output goes to a 1. 
Either flip-flop will remain in the set state until cleared 
by the zero-going pulse generated by AND gate 288 
during the start of the next packet. 
When the associated terminal interface unit wishes to 

transmit data, the first thing that data multiplexer 58 
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must do is to find either an empty packet in the line bit 
stream or a packet that is addressed to the associated 
terminal interface unit. In the latter case, the terminal 
interface unit removes the information in the packet 
addressed to it thereby leaving the packet empty. 
Next interface computer 62 must apply either or both 

of two distinct signals to data multiplexer 58. One sig 
nal, SENDD, indicates a request to transmit a data 
packet and the other, SENDS, indicates a request to 
transmit a signal packet. The data multiplexer identifies 
these two signals by means of request-to-send recogni 
tion circuit 292. Specifically, the SENDD signal is ap 
plied to AND gate 294 of request-to-send recognition 
circuit 292 and the SENDS signal is applied to AND 
gate 293. The other inputs to these two gates come from 
transmit packet type indicator circuit 295, which com 
prises a flip-flop. When a signal packet is being received 
by the data multiplexer, the Q output of flip-flop. 295 
will be a 1, thereby enabling AND gate 293. When a 
data packet is being received by the data multiplexer, 
the Q output of flip-flop. 295 will be a 1, thereby en 
abling AND gate 294. It is the function of AND gates 
293 and 294 to gate the SENDD and SENDS signals 
with the packet type that is being received at that time. 
Therefore, if signal packet transmission is requested and 
the date multiplexer is receiving a date packet, the out 
puts of AND gates 293 and 294 will both be 0 and hence 
the output of OR gate 296 will be 0. Therefore no out 
going date packet or signal packet transmission will take 
place. The same holds true in the reverse situation 
where date packet transmittion has been requested and 
a signal packet is being received. Thus, in order to trans 
mit a signal packet, a signal packet must be used; and in 
order to transmit a date packet, a date 
TRANSMISSION OF A SIGNAL PACKET BY 

THE DATE MULTIPLEXER 

The manner in which a signal packet is transmitted by 
data multiplexer 58 can best be appreciated by a consid 
eration of the following example. In this example it is 
assumed that the SENDS signal has been received, 
thereby causing one input to AND gate 293 to be a 1 
and, further, that a signal packet has just begun to be 
received. Therefore, the Q output of flip-flop 295 will 
be a 1 thereby causing the output of AND gate 293 to be 
a 1. This 1 output, which is applied to the input of OR 
gate 296 will cause that gate's output to be a 1. This 1 
output is applied to the D input of D-type flip-flop 297, 
which is also contained in a request-to-send recognition 
circuit 292 shown in FIG. 6E. When the output of 
AND gate 288 rises, the signal on the D input of flip 
flop 297 will be transferred to its Q output. In this way 
it is insured that the SENDS signal is received and the 
match between received packet type and desired type of 
transmission is made before there is any parallel clock 
ing into shift register 251. This insures that there can be 
no errors generated as a result of signals changing at 
critical times. 
The Q output of flip-flop 297 of request to send rec 

ognition circuit 292 is applied to transmit-enable gate 
298, which comprises an AND gate. The other input to 
transmit enable gate 298 comes from OR gate 299. The 
output signal from OR gate 299, when it is a 1, indicates, 
as described above, that either an empty packet has 
been detected or the ID of the associated terminal inter 
face unit was successfully decoded. In this situation 
both imputs to AND gate 298 are 1 thereby causing its 
output to be a 1. The output of AND gate 298 is re 
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turned to interface computer 62 as the SEND line to 
indicate when data is being transmitted. The output of 
OR gate 299 is input to parallel strobe steering circuit 
307. Thus when the output of OR gate 299 is a 1, a 
parallel strobe is applied to shift register 251 as de 
scribed below. 
The tinning signals for the parallel insertion of data in 

shift register 251 are provided by parallel strobe genera 
tor 300 which comprises a one-shot multivibrator that is 
driven by the output of parallel strobe gating circuit 301 
which comprises an AND gate. To insure that the par 
allel strobe occurs at the proper time, one-shot multivi 
brator 304 is used as a delay and is triggered at the time 
the system clock 250 output rises. The Q output of delay 
304 is applied to one of the inputs of parallel strobe 
gating circuit 301. Delay 304 will output a pulse every 
time the system clock 250 output rises. However, the 
parallel strobe is required only after a complete eight-bit 
byte. Therefore, the Q output of delay 304 is gated with 
the mode control circuit 269 output by parallel strobe 
gating circuit 301. Hence only when the output from 
mode control 269 is a 1 does a pulse generated by delay 
304 propagate to the output of parallel strobe gating 
circuit 301. At all other times the output of gating cir 
cuit 301 is clamped to a 0 level by the mode control 269 
output being a 0. When the Q output of flip-flop. 271 of 
mode control 269 is a 1, the pulse generated by delay 
304 will appear at the output of gate 301. The falling 
edge of this pulse triggers the parallel strobe generator 
300. Thus it is seen that this strobe, denoted the 'byte 
strobe" signal, is generated after every complete eight 
bit byte has been completely read into shift register 251 
irrespective of whether transmission will be initiated by 
the terminal interface unit, 
At the time that a complete byte of data has been 

assembled in shift register 251, the byte strobe from 
parallel strobe generator 300 clocks the data into regis 
ter 251A. The eight output lines MDI from register 
251A go to interface computer 62 and terminal buffer 
60. At the same time that data is clocked into register 
251A, a pulse appears on line 308 if the data belongs to 
an empty packet or if the data belongs to a packet 
whose ID was recognized. The pulse on line 308 strobes 
the output of select circuit 380 into register 251A. 

Select circuit 380 comprises eight circuits, 380A 
through 380H, as shown in FIG. 6B. Each of these 
circuits contains the gates shown in detail in circuit 
380A, that is, AND gates 382, 383,384, 385 and 389, 
inverters 386 and 387, and OR gate 388. Each of circuits 
380A through 380H provides one bit of the eight bits of 
the data supplied to shift register 251 as follows. 
When interface computer 62 indicates that it wants to 

send, the output of transmit enable gate 298 will be a 1 
if transmission is actually taking place. That output is a 
O when there is no request to send even if the opportu 
nity exists. In these latter circumstances, AND gate 389 
is inhibited and zero bytes are strobed into shift register 
251. When a request to send has been received, and the 
output of gate 298 is a 1, AND gate 389 is enabled, and 
the source of data strobed into shift register 251 is deter 
mined by lines 392 and 393. 
When the byte of data to be loaded into shift register 

251 is the first of a packet, then both lines 392 and 393 
are equal to 1, AND gate 382 is enabled, and the data 
input to shift register 251 is taken from patch block 381. 
Patch block 381 serves to generate the associated termi 
nai's ID on eight lines 621. 
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When the byte of data to be loading into shift register 

251 is one of the second through the fourth bytes of a 
packet, then lines 392 and 393 are zero, AND gate 385 
is enabled, and the data on the eight lines MDO from 
interface computer 62 are strobed into shift register 251. 
When the byte of data to be loaded into shift register 

251 is the fifth through thirty-eighth of a data packet, 
then line 392 is a 1 and line 393 is a 0, AND gate 383 is 
enabled, and the data on lines SDO from terminal buffer 
60 are strobed into shift register 251. 

Line 392 is the Q output of JK flip-flop 390 which is 
preset at the start of each packet by the output and 
AND gate 288. Flip-flop 390 is cleared by the falling 
edge of the output from mode control 269 which is 
applied to the flip-flop's clock input. Thus flip-flop 390 
remains set only during the first byte time of a packet. 
When flip-flop 390 is reset, NAND gate 391 is enabled 
and the signal on line 393 is the inverted form of the Q 
output of D-type flip-flop 366. That flip-flop is reset by 
the output of AND gate 288 at the start of a packet, The 
flip-flop 366 is set when the output of NAND gate 365 
rises. This occurs when counter 264 contains the valve 
8, and the most significant bit of counter 263 falls to 
ZO. 

The byte strobe signal output by parallel strobe gen 
erator 300 is applied to gates 305 and 306 of parallel 
strobe steering circuit 307, and is also applied to inter 
face computer 62 by line BS where it is used as a timing 
reference for the interface computer 62 as described 
hereinbelow. If, as in the case previously descussed, the 
output of OR gate 299 is a 1, then AND gate 305 is 
enabled and the parallel strobe is allowed to propagate 
through it. The output of AND gate 305 is applied to 
the parallel load clock input 308 of shift register 251 
where a parallel read-in to shift register 251 takes place. 
If, on the other hand, the output of OR gate 299 is a 0, 
then AND gate 305 will be disabled and AND gate 306 
will be enabled. The strobe signal generated by parallel 
strobe generator 300 will then be allowed to propagate 
through AND gate 306 but not through AND gate 305 
and the parallel load clock input 308 of shift register 251 
will not be strobed. The outputs of AND gates 305 and 
306 are applied to the input of OR gate 309. The output 
of OR gate 309 comprises the parallel strobe pulse irre 
spective of whether transmission has been enabled or 
not. The output of OR gate 309 is fed back to the input 
of OR gate 270 in mode control circuit 269 where it 
causes the Q output of mode control flip-flop. 271 to 
return to its O state, thereby preparing shift register 251 
for serial operation during the next incoming byte. Dur 
ing this time the byte present in shift register 251 is 
serially shifted out of the shift register through the in 
jector circuit 302 to the transmit flip-flop 303 and out 
onto the line. 
Turning then to injector circuit 302 shown in FIG. 

6G, this circuit is seen to provide the means for inserting 
bits into the serial bit stream to comply with system 
constraints. It inserts the "keep-alive' bit into the sixth 
slot of a line subgroup, and it also inserts an error format 
into the bit stream whenever the transmit error steering 
circuit 310 indicates that it should do so. This error 
format comprises a lbit in every line slot except for the 
“keep-alive" slot, which contains a 0 in this format. The 
framing bit, however, is allowed to pass through injec 
tor circuit 302 in its original state without being altered 
in any way. 

Consider now a case of normal transmission where 
the error format is not transmitted. In this situation the 
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output of OR gate 311 of transmit error steering circuit 
310 will be a 0, thereby causing the output of NAND 
gate 312 of interior circuit 302 to be a 1. Flip-flop 313 
and OR gates 314 and 315 are used to insert the "keep 
alive' bit into the bit stream. During times other than 
those when the "keep-alive' bit is to be inserted, the 
outputs of both of OR gates 314 and 315 will be 1. In 
this situation inputs 317, 318, and 319 to NAND gate 
320 are 1. Input 316 is from the output of inverter 281 
which inverts the output of the last cell of shift register 
251. Therefore, the output of NAND gate 320 is 1. 
Hence, the output of NAND gate 320is seen to be in the 
same state as the last call of shift register 251. The out 
put of NAND gate 320 is passed to the input of AND 
gate 322. The other input to AND gate 322 comes from 
OR gate 323. Since one of the inputs to OR gate 323 
comes from the output of NAND gate 312, which is a 1 
when the error format is transmitted, the output of OR 
gate 323 will be a 1 thereby enabling AND gate 322 and 
passing the output of NAND gate 320 through AND 
gate 322 to transmit flip-flop 303. On each falling edge 
of system clock 250 the output of AND gate 322 is 
clocked into transmit flip-flop 303 where it is sampled 
during the next 1 state of system clock 250. A further 
description of the operation of transmit flip-flop 303 in 
conjunction with bipolar converter 324 is contained 
hereinbelow. 
Consider now the injection of the "keep-alive' bit 

into the bit stream. First considering the normal situa 
tion, that is, the situation that applies to every "keep 
alive' time slot except the one immediately following 
the framing bit. In this normal situation the set output of 
flip-flop 313 of injector circuit 302 is a 0, which holds 
the output of OR gate 315 to a 1. When the set output of 
flip-flop 313 is 0, the output of OR gate 314 will be a 1 
whenever its input from inverter 355, that is D7, is 0. D7 
is a 1 at all times except for when it falls to 0 for one 
system clock time. Therefore when the D7 pulse oc 
curs, the output of OR gate 314 will go to a 0, causing 
the output of NAND gate 320 to go to a 1 and the 
output of AND gate 321 to go to a 0. Since, as stated 
above, the output of NAND gate 312 is at this time a 1, 
the output of AND gate 322 will also be a 1. Therefore 
a 1 will be clocked to transmit flip-flop 303 on the fall 
ing edge of system clock 250. 
Next considering the situation of injection immedi 

ately after receiving a framing bit, it can be seen that the 
"keep-alive" bit injected by using the pulse D7 would 
cause the "keep-alive' bit to be injected into the time 
slot immediately following the desired one. In this par 
ticular situation the D6 pulse is used. Note that the time 
slot referred to precedes the transmission of the framing 
bit by data multiplexer 58. The DF pulse is used to 
preset flip-flop. 313 of injector circuit 302. With the Q 
output of flip-flop 313 a 1, the output of OR gate 314 
will be a 1, and with the Q output a 0, the output of OR 
gate 315 will depend upon D6. When the pulse D6 goes 
to 0, the output of OR gate 315 will go to 0. With the 
output of OR gate 315 at 0, the output of NAND gate 
320 is a 1, and the output of AND gate 322 is a 0. The 
output of OR gate 323 and NAND gate 320 each a 1 
causes the output of AND gate 322 to be a 1. The output 
of AND gate 322 is clocked into transmit flip-flop 303. 
Using the pulse D6 in this situation causes the "keep 
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alive" bit to be inserted in the proper line time slot, the 65 
sixth slot. Two system clock pulse periods after pulse 
D6 occurs, pulse D8 occurs, D8 being used to clear 
flip-flop 313. The clearing of flip-flop. 313 inhibits OR 
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gate 315, therefore pulse D7 will again be the pulse that 
inserts a 1 into the "keep-alive' slot until the next fram 
ing bit is received. 
TRANSMISSION OF THE ERROR FORMAT BY 

THE DATA MULTIPLEXER 

When the output of OR gate 311 of transmit error 
steering circuit 310 is a 1, the error format is transmit 
ted. In this format all the bit slots except the "keep 
alive" bit slot contain 1's and the "keep-alive' bit slot 
contains a 0. In order to preserve synchronization in the 
system, the framing bit is allowed to propagate through 
the injector circuit 302 without alteration. 
Assume now that no transmission has been initiated 

and that therefore the transmit error disable circuit 
comprising flip-flop 325 has not been set to inhibit the 
error format. The Q output of flip-flop 325 is then a 1. 
The remaining input to NAND gate 312 comes from the 
output of OR gate 326. Assuming for the moment that 
flip-flop 327 is in its reset state, then the output of OR 
gate 326 is a 1. Therefore, since the three inputs to 
NAND gate 312 are all 1, the output of the gate is a 0. 
This causes the output of NAND gate 320 to be a 1. 
Except at those times when a signal is injected into the 
"keep-alive' slot through OR gates 314 or 315, the 
output of both of these gates is a 1. Since both of the 
inputs to AND gate 321 are 1, its output is a 1 thereby 
causing the output of OR gate 323 to be a 1. Since both 
inputs to AND gate 322 are also 1, its output is a 1. 
Hence a 1 level is applied to transmit flip-flop 303 to be 
clocked into it on the falling edge of the next pulse from 
system clock 250. 
Now consider the "keep-alive" slot. As previously 

described, the D7 pulse normally causes a 1 to be in 
serted into the "keep-alive" slot. In this situation, when 
the D7 pulse goes to 0, thereby causing the output of 
OR gate 314 to go to 0, the corresponding input to 
AND gate 321 goes to 0, and therefore the output of 
AND gate 321 will be a 0 for the time that the D7 pulse 
is present. With the output of NAND gate 312 a 0, and 
the output of OR gate 314 a 0, both inputs to OR gate 
323 are 0 thereby causing its output to be 0. Thus one 
input to AND gate 322 is 0 which causes its output to be 
a 0. A 0 is thereby clocked into transmit flip-flop 303 at 
the time of the occurrence of the "keep-alive' slot. As 
previously described, immediately, following the re 
ceipt of a framing bit, the "keep-alive' bit must be gen 
erated one slot earlier than usual in order that it be in the 
correct line time slot. This is accomplished by preset 
ting flip-flop 313 by using the DF pulse. This, therefore, 
enables OR gate 315 and disables OR gate 314. Note 
that in this context "enable" means applying a 0 input to 
OR gate 315. When the D6 pulse appears from inverter 
261, the output of OR gate 315 goes to 0, causing the 
output of AND gate 321 to go to a 0, thereby making 
one input to OR gate 323 a 0. Since the other input to 
OR gate 323 comes from NAND gate 312, whose out 
put is also a 0, the output of OR gate 323 is a 0. Thus the 
output of AND gate 322 will also be a 0 and a 0 will be 
clocked into the "keep-alive' time slot. As soon as the 
D8 pulse occurs, flip-flop 313 is cleared so that until the 
framing bit occurs again the D7 pulse will be used to fill 
the "keep-alive' slot. 
Another special situation occurs when the framing bit 

is clocked into shift register 251. In order to preserve 
line synchronization, it is necessary to transmit the 
framing bit exactly as it was received without regard to 
the action of injector circuit 302. Note that one of the 
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inputs to NAND gate 312 comes from the output of 
gate 326, which is a 1. 

In the normal situation, flip-flop 327 is in its reset state 
with its Q output equal to 1. The Q output of D-type 
flip-flop 327 is fed back to its D input so that when the 
clock lead is pulsed the Q output of the flip-flop will go 
to 0. The input to the clock lead of flip-flop 327 comes 
from the Q output offlip-flop 313. The DF pulse presets 
flip-flop 313 to allow the unaltered framing bit to pass 
through injector circuit 302 and the following D8 pulse 
clears it. When the D8 clear pulse occurs, the Q output 
goes from a 0 to a l. This 0 to 1 transition causes the 
signal on the D input of flip-flop 327 to transfer to the Q 
output of flip-flop 327 and its complement to the Q 
output. Therefore on the D8 pulse immediately follow 
ing the DF pulse the Q output of flip-flop 327 is fed to 
one input of OR gate 326. -a- 
The other input to gate 326 is from the D1 pulse 

which is output from inverter 328. This pulse is nor 
mally a 1 except during the time of the D1 time slot at 
which time it is a 0. When the D1 pulse does go to 0, and 
with the other input to OR gate 326 also a 0, the output 
of OR gate 326 also goes to 0. This 0 signal applied to 
the input of NAND gate 312 causes the output of 
NAND gate 312 to be forced to a 1. With the output of 
NAND gate 312 a 1 and the output of both gates 314 
and 315 a 1, inputs 317, 318 and 319 of gate 320 are 1. 
With the output of NAND gate 312 a 1 the output of 
OR gate 323 is also a 1, therefore AND gate 322 is 
enabled and the inverted output of the end cell of shift 
register 251, which is the framing bit, is transferred on 
input line 316 to NAND gate 320 where it is inverted 
again and passes through AND gate 322 to transmit 
flip-flop 303. Hence at the next clock pulse from system 
clock 250, the unaltered framing bit is transmitted. 
When flip-flop. 313 is cleared by the D8 pulse, the 

output of OR gate 314 returns to its normal 1 value, 
thereby removing the inhibit from NAND gate 312 and 
returning the injector circuit 302 to the previous condi 
tion whereby the 1 bit error signal from OR gate 311 
causes the output of NAND gate 312 to be 0, thereby 
causing the error format to be properly injected into the 
bit stream. 

TRANSMIT ERROR DISABLE 

When transmission is initiated by a terminal interface 
unit it is desired that incoming errors do not cause injec 
tor circuit 302 to output a signal to transmit flip-flop 303 
indicating that errors were received. When transmission 
is to be initiated, it is undesirable and unnecessary to 
send out only an error format. The transmit error dis 
able circuit 325, which comprises a flip-flop, inhibits 
transmission of the error format in this case as follows. 
Whenever the output of OR gate 299 is a 1, this 1 

output is applied to the D input of D-type flip-flop 325. 
This 1 input causes the Q output of flip-flop 325 to fall 
to 0 upon being clocked by the rising edge of parallel 
strobe generator 300. This 0 input is applied to NAND 
gate 312 and causes the output of NAND gate 312 to 
remain a 1 as long as the Q output of flip-flop 325 is a 0. 
This inhibits the transmission of the error format by 
transmit flip-flop 303. 
Once flip-flop 325 has been set, it remains in that state 

until the first parallel strobe associated with the next 
packet occurs. At that time, if no transmission is to be 
made, the output of OR gate 299 will be 0. This 0 is 
applied to the D input of D-type flip-flop 325 and causes 
its Q output to go to 0 and its Q output to go to 1 when 
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the first parallel strobe associated with the next data 
packet occurs. Since the reset output of flip-flop 325 is 
one of the inputs to NAND gate 312, the output of 
NAND gate 312 will now be determined by its other 
two inputs. 

TRANSMIT FLIP-FLOP AND BIPOLAR 
CONVERTER OF THE DATA MULTIPLEXER 
As shown in FIG. 6G, the output of AND gate 322 of 

injector circuit 302 is applied to the input of flip-flop 
303 the tansmit flip-flop. With each falling edge of sys 
tem clock 250, the output of AND gate 322 is clocked 
into transmit flip-flop 303. Once a bit has been clocked 
into this flip-flop no further insertions or changes can be 
made. The output of flip-flop 303 is fed to AND gate 
329 of biopolar converter 324. 

Bipolar converter 324 converts the unipolar logic 
level of the data multiplexer to a line-compatible bipolar 
signal. The output of flip-flop 303 that was clocked in 
on the falling edge of system clock 250 is sampled by 
AND gate 329 during the next clock pulse interval. If a 
1 bit was clocked into flip-flop 303 the output of AND 
gate 329 is a 1 during the next clock pulse interval. If a 
0 was clocked into flip-flop 303 the output of AND gate 
329 is a 0 during the next clock pulse interval. In the 
case where the output of AND gate 329 is a 0, both 
AND gates 331 and 332 will have 0 output thereby 
causing both of transistors 334 and 335 to be off. With 
these transistors both off, zero volts will appear across 
the secondary winding of transformer 336. In the situa 
tion where the output of AND gate 329 is a 1, the out 
put of either AND gate 331 or 332 will be a 1 causing 
transistor 334 or 335, respectively, to turn on during the 
duration of the system clock pulse. This action causes 
either a positive or negative pulse to appear at the sec 
ondary winding of transformer 336. 

Flip-flop 330 causes adjacent one-bit line pulses to be 
of opposite polarity. Assume, for example, that the Q 
output of flip-flop 330 is a 1, thereby enabling AND 
gate 331. When the system clock pulse falls, the output 
of AND gate 331 falls, thereby causing flip-flop. 330 to 
change to a state where its Q output is a 1. AND gate 
332 is now enabled for the next 1 bit that is to be trans 
mitted. Since flip-flop 330 requires a falling edge to 
change state, it will only change state after a 1 bit has 
been transmitted. In this manner adjacent 1 bits on the 
line will be of opposite polarity. 

ERROR DETECTION 
Error detection occurs in two different circuits in 

data multiplexer 58. First, there is an error detector that 
detects the 1 bit inserted in the "keep-alive" slot. The 
output of receive flip-flop 253 is applied to the input of 
inverter 337 of six-slot error detector 262, The output of 
inverter 337 is fed to the D input of flip-flop 338. When 
the signal in the "keep-alive" slot is a 1, the output of 
inverter 337 will be a 0 thereby applying a 0 to the D 
input of flip-flop 338. When the signal in the "keep 
alive' slot is a 0, the output of inverter 337 will be a 1, 
thereby applying a 1 to the D input of flip-flop 338. 
The clock for flip-flop 338 comes from the strobe 

steering circuit 255, which supplies a clock pulse to the 
clock input of flip-flop 338 corresponding to the "keep 
alive" slot only as has been previously explained. A 0 
input clocked into the flip-flop will cause its Qoutput to 
apply a 1 to the input of AND gate 339, thereby indicat 
ing an error. 
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The other error detecting circuit is the PCM error 
detecting circuit in receive unit 352. This circuit outputs 
a PCM ERROR pulse whenever the bipolar nature of 
the incoming signal has been violated by two adjacent 1 
bits being of the same polarity. The pulse is of the same 
width and in the same position as a line pulse that vio 
lates the bipolar code. The PCM ERROR pulse is 
aplied through inverter 340 to the other input of AND 
gate 339. Under normal conditions the output of in 
verter 340 is a 1. When an error is detected, its output 
will go to 0. When either of the two inputs to AND gate 
339 go to 0, thereby corresponding to an error, the 
output of AND gate 339 goes to 0. 
The output of AND gate 339 is applied to one input 

of OR gates 341 and 342 of incoming packet type detec 
tor and steering circuit 343. The other input to these 
two gates comes from flip-flop 344, which steers the 
error signal to the proper one of OR gates 341 and 342. 
It is important that the packet type, either signal or data, 
in which the error was detected be noted so that the 
correct packet will be made to contain the error format 
when it is transmitted. Flip-flop 344 indicates which 
type of packet is currently being received. It derives its 
preset signal from NAND gate 345. The inputs to 
NAND gate 345 are the pulse D8 and outputs 264A, 
264D and 264F of six-bit counter 264 and output 252 of 
three bit counter 263. When the output of NAND gate 
345 falls to 0, thereby presetting flip-flop 344, a 0 input 
to OR gate 341 corresponding to a detected error is 
allowed to propagate to its output. Note that flip-flop 
344 is preset and set using the digit pulse corresponding 
to the last time slot in the packet. 

In order to insure that a PCM error detected in the 
first bit of a new packet is directed to the flip-flop corre 
sponding to that new packet, it is necessary to use the 
digit pulse corresponding to the last line bit of the previ 
ous packet. The appropriate steering is provided by 
flip-flop 344. 
When flip-flop 344 is in the preset state, any errors 

detected and thereby output as a 0 by AND gate 339 
will be directed through OR gate 341 to flip-flop 346 in 
incoming error detector 347. The 0 signal will serve to 
preset flip-flop 346 thereby indicating that there was an 
error in the incoming signal packet. Flip-flop 346 will 
remain in this state until the signal packet has been 
completely transmitted out of shift register 251. In the 
same manner, when flip-flop 344 is in the reset state as 
a result of NAND gate 348 applying a 0 pulse to its 
clear input, its Q output will be 1. Therefore any 0 
output of AND gate 339 will propagate through OR 
gate 342 to preset flip-flop 349, 

Since it is possible that an error may be detected in 
the first byte of a new incoming packet while the last 
byte of the previous packet is still being transmitted, the 
error format is not transmitted until the new packet is 
being transmitted. This is insured by the action of trans 
mit error steering circuit 310. Flip-flop 350 forms the 
basis of this circuit. The JK inputs to this flip-flop come 
from the Q and Q outputs, respectively, of flip-flop. 295. 
Flip-flop. 295 indicates the type of packet that will be 
transmitted starting with the serial strobe following the 
next parallel load strobe. The clock pulse of flip-flops 
350, 346, and 349 is derived from the Q output of flip 
flop 289 in incoming packet status detector 273. Flip 
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flop 289 is normally in the reset state. The output of gate 65 
288, which is a zero-going pulse to indicate the start of 
a new data packet or a new signal packet, is applied to 
the preset input of flip-flop 289. This action occurs after 

30 
the last parallel load strobe of the previous packet and 
before the first parallel load strobe of a new packet. 
The output of the status read pulse generator 358 is 

applied to the clock input of flip-flop 289. When the 
output of status read pulse generator 358 falls, which 
action precedes the parallel load strobe corresponding 
to the first byte of a new packet, the Q output of flip 
flop 289 will go to 0. This is the result of tying the Q 
output back to the K input with the J input grounded. 
The falling edge of the Q output is the clock for flip 
flops 346, 349, and 350. The time at which this happens 
is immediately preceding the parallel load strobe corre 
sponding to the first byte of a new packet. The transmit 
error steering circuit 310 will therefore have time to 
settle and to apply the proper signal to injector circuit 
302 in time for the next serial strobe to shift register 251. 
The output of transmit error steering circuit 310 is also 
applied to interface computer 62 on line BPER. 

Flip-flop 350 has the secondary function of providing 
the means to clear flip-flops 346 and 349 at the appropri 
ate time. For example, assume that an error is detected 
in the signal packet thereby causing flip-flop 346 to 
preset at the appropriate time. Also assume that signal 
packet transmission has been completed and data packet 
transmission is about to start. Therefore, sometime be 
tween this time and the time the next signal packet is 
received, flip-flop.346 must be cleared so that if no new 
signal packet errors are detected, the next signal packet 
can be transmitted without the error format. To accom 
plish this, the Q output of flip-flop 350 is applied to the 
K input of flip-flop 346. Likewise, the Q output of flip 
flop 350 is applied to the K input of flip-flop 349 to 
accomplish this same clearing function for the data 
packet. 
Assume further that the data multiplexer 58 has just 

completed transmitting the signal packet in which the Q 
output of flip-flop 350 is still high. When the clock for 
flip-flops 350, 346, and 349 occurs, which is prior to the 
parallel load strobe corresponding to the first byte of a 
packet, the 1 on the Q output of flip-flop 350 is fed back 
to the Kinput of flip-flop.346 causing flip-flop 346 to go 
to the state where its Q output is 0. Therefore flip-flop 
346 is cleared ready to receive an error signal on its 
preset lead at the next time that a signal packet is being 
received. The same situation holds true when a data 
packet is being transmitted. The Q output of flip-flop 
350 will be a 1 and the Q output of flip-flop 350 will be 
a 0. Therefore when the clock pulse generated by flip 
flop 289 of incoming packet status detector 273 occurs, 
the 1 output of flip-flop 350 on its Q output that is fed 
back to the K input of flip-flop 349 will cause flip-flop 
349 to clear itself and be ready to accept an error signal 
on its preset lead the next time that a data packet is 
being received. 
As mentioned above, a subset of the apparatus com 

prising data multiplexer 58 can be used to implement 
byte disassembler 40 and byte assembler 64. The inputs 
to and outputs from data multiplexer 58 have been la 
beled A through E in FIG. 2B and in FIGS. 6A-6H to 
facilitate the following discussion. 

BYTE DISASSEMBLER 

Turning then to byte disassembler 40, this device can 
be made from the apparatus shown in FIGS. 6A-6H by 
connecting the eight lines 38 shown in FIG. 2B to the 
eight lines labeled "C" in FIG. 6B, and by connecting 
the pair of wires labeled "B" in FIG. 6G to terminal 
matching unit 42 shown in FIG. 2B. Lines A, D and E 

  



Re. 31,319 
31 

shown in FIGS. 6C, 6B, and 6A are not used by byte 
disassembler 40. Additionally, since byte disassembler 
40 must transmit all packets it receives rather than 
merely those having a particular identification number, 
patch blocks 356 and 357 shown in FIG. 6A must be 
reconfigured so as to match any zero or non-zero identi 
fication number. Further, flip-flop 390 shown in FIG. 
6F must be replaced by a patch block configured so that 
the signals appearing on lines 394 and 392 are each a 0. 

BYTE ASSEMBLER 

Byte assembler 64 can be made from the apparatus 
shown in FIGS. 6A-6H by connecting the eight lines 
labeled "E" in FIG. 6A to loop receive buffer 66 shown 
in FIG. 2B and by connecting the pair of wires labeled 
'A' in FIG. 6C to terminal matching unit 42 shown in 
FIG. 2B. Lines B, C, and D shown in FIGS. 6B and 6C 
are not used by byte assembler 64. Additionally, since 
byte assembler 64 must transmit all packets with non 
Zero identification numbers that it receives rather than 
merely those having a particular identification number, 
patch blocks 356 and 357 shown in FIG. 6A must be 
reconfigured to match any non-zero identification num 
ber. Further, the output of NAND gate 282 must be 
applied to patch block 356. 

TERMINAL BUFFER 

Terminal buffer 60 of terminal interface unit 17 
shown in FIG. 2B is shown schematically in FIG. 7A. 
As shown in FIG. 7A, terminal buffer 60 comprises four 
major parts: data receive buffer 450, data transmit 
buffer 451, channel select circuit 452, and channel break 
circuit 453. 

Data receive buffer 450 receives data from data multi 
plexer 58 on eight lines MDI and transfers it to digital 
device 18 by means of eight lines 455. Data receive 
buffer 450 assembles a complete packet of data before 
any of it is made avaiable to digital device 18. 

Similarly, data transmit buffer 451 receives data from 
digital device 18 on eight lines 456 and transfers it to 
data multiplexer 58 on eight lines SDO. Again, a com 
plete packet of data is assembled before it is transmitted. 
Channel select circuit 452, in response to a command 

on eight lines 458 from digital device 18, selects a chan 
nel for the data transmission and passes this information 
to interface computer 62 on eight lines SBC. 

Finally, channel break circuit 453 transfers a signal 
from interface computer 62 on eight lines RCH that 
notifies digital device 18 about a change in status of a 
non-selected channel. This information is transferred to 
digital device 18 by eight lines RCH. 

Each of the four functional units 450, 451, 452, and 
453 of terminal buffer 60 operates under the control of 
both digital device 18 and interface computer 62. The 
manner in which this control is exercised and the man 
ner in which each of the major blocks shown in FIG. 
7A accomplishes its function may best be appreciated 
by means of FIGS. 7B-7F which illustrate terminal 
buffer 60 in greater detail. 
FIG. 7B illustrates the timing signals used in the oper 

ation of terminal buffer 60. 
Timing signals for the entire terminal interface unit 17 

are generated by data multiplexer 58 and transmitted to 
terminal buffer 60 and interface computer 62. The key 
timing signal is the byte strobe signal appearing on line 
BS in the data multiplexer logic diagram of FIG. 6E. 
This strobe occurs forty-two times during each master 
frame and coincides with the complete assembly of one 
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eight-bit byte in register 251A of data multiplexer 58. At 
the time data multiplexer 58 issues a byte strobe it puts 
the eight-bit byte of data into register 251A and simulta 
neously reads data from one set of its data input lines, 
either MDO or SDO. When the first four byte strobes in 
a master frame occur, the four eight-bit bytes of the 
signal packet are put on the data output lines MDI, and 
when the subsequent thirty-eight byte strobes in one 
master frame occur the thirty-eight bytes of a data 
packet are put on the data multiplexer output lines 
MDI. The time interval following one byte strobe is 
identified by the name of the byte which for that time 
interval is available on the eight data multiplexer output 
lines MDI. The four time intervals during which the 
four bytes of a signal packet are available are known 
respectively as So, S1, S2, and S3. The thirty-eight time 
intervals during which the thirty-eight bytes of a data 
packet are available are known respectively as Do, D1, 
et cetera, through D37. Each of these time intervals 
starts when the byte strobe occurs and ends just before 
the occurrence of the next byte strobe. 

DATA RECEIVE BUFFER 

FIG. 7C is a logic diagram of data receive buffer 450 
shown in FIG. 7A. This unit assembles and stores the 
thirty-two bytes of data from a data packet in response 
to a pulse being applied on line RCV to flip-flop. 468. 
This pulse occurs during time period D3 and causes data 
receive buffer 450 to read thirty-two bytes of data from 
the eight input lines MDI and to store them in memory 
unit 466 during time periods D4 through D35. Memory 
unit 466 comprises a thirty-two-word-by-eight-bit men 
ory. 

Concurrently with the store operation, the signals on 
lines MDI are applied to checksum circuit 467 which 
accumulates the logical sum of the incoming data and 
compares it with the sixteen-bit sum received on input 
lines MDI during time periods D36 and D37. If the 
checksum is found to be in error, then the error signal 
output from circuit 467 will be a 1, otherwise it will be 
a 0. 
Checksum circuit 467 utilizes the apparatus of check 

sum circuit 239 shown in FIG. 5E. The input to check 
sum circuit 239 comprises sixteen bits while the input to 
checksum circuit 467 comprises eight bits. Thus in 
order for checksum circuit 467 to compute a sixteen bit 
checksum, the sixteen EXCLUSIVE OR gates 242 and 
flip-flops 241 of checksum circuit 239 are divided into 
two groups of eight and the eight lines MDI are alterna 
tively gated to each of these two groups through the use 
of the least significant bit from counter 469 on line 454. 
The manner in which checksum circuit 239 shown in 
FIG. 5E can be adapted to serve as checksum circuit 
467 will be apparent to those of ordinary skill in the art 
from the above discussion. 

Incoming data bytes D4 through D35 are stored in 
successive locations within memory unit 466 as deter 
mined by the output of counter 469. This counter is 
initialized by the five lines which are the most signifi 
cant bits of the eight lines RBL at the same time that 
command pulse RCV is issued to flip-flop 468 by inter 
face computer 62. Once the data has been assembled in 
receive buffer memory 466, an RCLEAR pulse is given 
to JK flip-flop 468 which causes the assembled data to 
be made available to digital device 18 on the eight data 
lines 455. Counter 469 is again initialized when the 
RCLEAR pulse is applied to flip-flop 468, and the value 
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then used is the same as the value used to initialize the 
counter when the RCV pulse is issued. 

Digital device 18 obtains data eight bits at a time over 
the eight data lines 455 in response to commands which 
it issues to falling edge trigger circuit 470 on line RD 
CMD. Falling edge trigger circuit 470, which is identi 
cal to circuit 210 shown in FIG. 5D, acknowledges the 
commands issued on line RD CMD on line RD STS. 
The digital device is allowed to read eight-bit data bytes 
from memory 466 until counter 469 generates an over 
flow signal on line RSUM at which time the receive 
cycle is repeated. Digital device 18 receives an end-of 
message signal from AND gate 472 on line EOMR 
when the last byte of information is read from memory 
466. That signal will be set if, when the preceding RCV 
pulse was applied to flip-flop 468, the input line REOM 
was set. At that time the flip-flop 471 is set and its out 
put is gated to digital device 18 on line EOMR by AND 
gate 472 when counter 469 overflows. Flip-flops 473 
and 474 are used to turn off the normal operation of data 
receive buffer 450 and to put it into testing mode. The 
operation in that mode will be described below. 
When JK flip-flop 468 is in the set state data receive 

buffer 450 is outputting data to digital device 18 on 
eight lines 455 and when that flip-flop is in the reset 
state data receive buffer 450 is reading data from data 
multiplexer 58 on eight lines MDI. 
While flip-flop 468 is in the reset state, counter 469 is 

incremented as each byte strobe occurs. The byte strobe 
is input to one-shot multivibrator 477 which delays it 
until the byte has been read into memory 466 and then 
applies it through inverter 475A to NOR gate 475. The 
output of NOR gate 475, which is applied to NOR gate 
476, will rise when flip-flop 468 is in the reset state and 
the output of multivibrator 477 is high. When the flip 
flop 468 is in the set state and digital device 18 issues a 
command to falling edge trigger circuit 470, the strobe 
output from that trigger circuit is also applied to NOR 
gate 476. The strobe output and the output of NOR gate 
475 are ORed together in NOR gate 476 and applied to 
the count input of six-bit counter 469. The counter is 
assembled so that, when a pulse occurs on the count 
input, the counter is incremented by 1 and when a pulse 
occurs on the load input from NOR gate 462 through 
AND gate 462A, the five most significant bits of the 
data currently on input lines RBL are copied into the 
five least significant bits of counter 469 and the most 
significant bit of the counter is cleared. The overflow 
(OVR) output of counter 469 corresponds to the most 
significant bit of the six bits and the carry output of the 
counter occurs when the least significant five bits are all 
1 and therefore a carry is about to occur from the fifth 
bit position. The address input for memory unit 466 
comprises the least significant five bits of counter 469. 
The outputs of memory 466 on eight lines 455 are the 

contents of the cell currently being addressed by 
counter 469. The contents of the cell addressed by 
counter 469 are set equal to the data on the eight lines 
MDI when a pulse is received on the write input, pro 
vided that the Memory Write is not inhibited. The in 
hibit incurs when counter 469 OVR is set. As already 
indicated, the output of NOR gate 475 provides a pulse 
when a byte strobe occurs during the time that flip-flop 
468 is reset. This pulse is gated by NAND gate 478 and 
the output of gate 478 is used to drive the write input to 
memory 466. Gate 478 inhibits the write pulse if flip 
flop 473 is set, which occurs in the testing mode as 
described below. 
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DATA TRANSMIT BUFFER 

FIG.7D is a logic diagram of data transmit buffer 451 
shown in FIG. 7A. The primary function of this unit is 
to collect thirty-two words of data from digital device 
18 on eight lines 456 and transmit them to data multi 
plexer 58 on eight lines SDO. This function is per 
formed under the control of JK flip-flop 481. 

Flip-flop 481 is set by a pulse on the SCLEAR line 
from interface computer 62 and is reset by a pulse ap 
pearing on the XMT line. When flip-flop. 481 is in the set 
state, commands issued by digital device 18 on the WT 
CMD line to rising edge trigger circuit 482 cause data 
to be written into memory 480. When flip-flop 481 is in 
the reset state, the thirty-two words stored in memory 
480 are transferred to data multiplexer 58 on lines SDO. 
An address must be supplied to memory 480 for each 

word that is either written into or read out of the mem 
ory. These addresses are generated as follows. 
A pulse on line XMT is supplied by interface com 

puter 62 when it wishes to initiate transmission of data 
out of memory 480 to data multiplexer 58. Interface 
computer 62 supplies a pulse on line SCLEAR when 
the data currently in memory 480 has been transmitted 
and memory 480 can be filled with other data from 
digital device 18. The pulses appearing on either of lines 
XMT or SCLEAR are applied through NOR gate 494 
to the reset input of six-bit counter 483. This serves to 
initialize counter 483 so that a zero address is applied to 
memory 480 when digital device 18 begins to write a 
new set of thirty-two words and when the thirty-two 
words currently contained in memory 480 are about to 
be transmitted to data multiplexer 58. When a pulse is 
applied to the count input of counter 483, its current 
value is incremented; and when the current value is 
equal to or greater than thirty-two, it generates a signal 
on its OVR output. 
A pulse is applied to the count input of counter 483 in 

two different ways. If data is currently being collected 
from digital device 18, flip-flop 481 is in the set state and 
a strobe is generated by rising edge trigger circuit 482, 
one for each write command issued by digital device 18 
on the WT CMD line. Thus NOR gate 486 generates an 
output to the count input of counter 483 each time rising 
edge trigger circuit 482 generates a strobe output. If 
flip-flop 481 is in the reset state, indicating that data is 
being transmitted to data multiplexer 58, then each 
signal generated on line BS by data multiplexer 58 will 
cause one-shot multivibrator 484 to generate an output 
signal which is applied to NOR gate 485 through in 
verter 485A. Thus each byte strobe will cause NOR 
gate 485 to generate an output which will pass through 
NOR gate 486 to the count input of counter 483. Hence 
it can be seen that when digital device 18 is writing into 
memory 480 the address at which writing occurs is 
governed by counter 483 which is incremented each 
time digital device 18 issues a write command. When 
information is being read out of memory 480 to data 
multiplexer 58, counter 483 is incremented each time 
data multiplexer 58 sends out a byte strobe. The least 
significant five bits of the output from counter 483 are 
made available to interface computer 62 by means of the 
eight lines SBL, and the same five bits are used as the 
address input to memory 480. It should be noted that 
the least significant five bits of the output of counter 483 
appear as the most significant five bits of eight lines 
SBL. 



Re. 31,319 
35 

In addition to supplying the proper address on the 
address input of memory 480, it is necessary when writ 
ing into the memory to provide a strobe signal on the 
write input. The necessary signal it provided by the 
strobe output of rising edge trigger circuit 482 which 
passes through NOR gate 487 unless NOR gate 488 is 
generating an output. Gate 488 will generate an output 
and thus inhibit write signals from gate 487 when data 
transmit buffer 451 is in the test state. This will occur 
when flip-flop. 489 is in its set state. 
A signal on the write input of memory 480 will have 

no effect if a signal is present on the inhibit input of 
memory 480. This inhibit occurs when counter 483 
generates an overflow signal. When digital device 18 
has issued thirty-two consecutive write commands, the 
overflow output OVR of counter 483 will be set and 
thus inhibit memory 480 from being written into again. 
The overflow output signal from counter 483 is also 
applied to the inhibit input of rising edge trigger circuit 
482 which prevents an acknowledgement signal from 
being sent to the digital device 18 on the WT STS line. 

Interface computer 62 monitors counter 483 by 
means of line SSUM, in the manner to be described 
hereinbelow, and causes the assembled data in memory 
480 to be transmitted to data multiplexer 58 when the 
memory is full. Alternatively, digital device 18 can 
cause transmission of less than thirty-two words of data 
by providing a signal on line SEOM. When a write 
command is issued on line WT CMD to rising edge 
trigger circuit 482 by digital device 18, the resulting 
strobe output serves to clock D-type flip-flop 490 which 
then samples the line SEOM from digital device 18. If a 
signal is present on this line, the output from flip-flop 
490 will inhibit rising edge trigger circuit 482 and also 
be available on line EOMS to interface computer 62, 
thus allowing interface computer 62 to begin the trans 
mission of the data in memory 480 to data multiplexer 
58. 

Considering then the manner in which data from 
memory 480 is transferred to data multiplexer 58, this 
process is seen from FIG. 7D to be initiated by a pulse 
on the XMT line from interface computer 62 to flip-flop 
481. If this signal is issued during time period D3, data 
bytes will be transmitted to data multiplexer 58 in the 
subsequent time periods D4 through D35. At the same 
time a sixteen-bit checksum will be computed by check 
sum circuit 491 and this sum will be transmitted over 
lines 457 during time periods D36 and D37. Checksum 
circuit 491 is the same as checksum circuit 467 shown in 
FIG.7C. This result is accomplished using select circuit 
492 which is the same circuit as circuit 179 shown in 
FIG. 5B. The clock input to checksum circuit 491 is 
pulsed once for every incoming byte strobe by the out 
put of multivibrator 484. The output of checksum cir 
cuit 491, which appears online 495, is set to 0 whenever 
an XMT pulse is applied to flip-flop 481. During time 
periods D3 through D35, the OVR output of counter 
483 is reset and select circuit 492 will transfer the output 
from memory 480 on to the output lines SDO. In time 
periods D36 and D37 the OVR output of counter 483 is 
set and select circuit 492 will transfer the output of 
checksum circuit 491 on to the data output lines SDO. 

It is advantageous for control computer 30 to be able 
to test the operation of data receive buffer 450 shown in 
FIG. 7C and a data transmit buffer 451 shown in FIG. 
7D. This is accomplished by the provision of special 
circuitry which assembles an incoming data packet 
from data multiplexer 58 in data receive buffer 450, 
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transfers the assembled data to data transmit buffer 451, 
and subsequently transfers it back to data multiplexer 
58. This entire operation takes place without requiring 
any interaction with digital device 18. 

Referring then to FIG. 7C, it is understood that the 
application of a pulse on the RCV line to flip-flop. 468 
causes an incoming data packet to be stored in memory 
466 in the manner described above. When thirty-two 
bytes of data have thus been stored, a pulse on line 
RTEST will set flip-flop 473 and thereby cause NAND 
gate 478 to inhibit further write pulses to memory unit 
466. The data will remain in memory 466 until such time 
as it can be transferred to memory 480 in data transmit 
buffer 451 shown in FIG. T.D. 
The transfer of the data from memory 466 to memory 

480 is effected by the simultaneous application of pulses 
on line XMT to flip-flop 481 and on line STEST to 
flip-flop. 489 of data transmit buffer 451, shown in FIG. 
7D. The effect of the STEST pulse is to set flip-flop 489 
and through inverter 489A and AND gate 462A load 
counter 469 in data receive buffer 450. When flip-flop 
489 is set incoming byte strobes from multivibrator 484 
are steered into the write input of memory 480 by means 
of NOR gates 488 and 487 and inverter 485A. Since an 
XMT pulse is issued simultaneously with the STEST 
pulse, counter 483 is reset and as each of the next thirty 
two byte strobes occur, the write input to memory 480 
is strobed and counter 483 incremented. While flip-flop 
489 is set, data select circuit 493 will steer data on line 
RDO from the output of memory unit 466 in data re 
ceive buffer 450 into memory 480. When thirty-two 
bytes of data have been transferred from memory 466 to 
memory 480 test mode flip-flops 473 and 489 will be 
returned to their normal reset state. Flip-flop. 489 is reset 
by the OVR output of counter 483 when it overflows. 
Flip-flop 473 is reset by the next pulse on line RCV. 

CHANNEL SELECT CIRCUIT 

Channel select circuit 452 shown in FIG. 7A is 
shown in more detail in FIG. 7E. This circuit allows 
digital device 18 to transfer an eight-bit channel number 
on eight lines 458 through to interface computer 62 on 
eight lines SBC. The circuit operates as follows. 
The channel number on line 458 is stored in eight-bit 

register 500. The eight outputs from register 500 are 
clocked onto lines SBC by the strobe output of rising 
edge trigger circuit 501. The strobe output is generated 
when the digital device 18 sends a select command on 
line SL CMD to rising edge trigger circuit 501. Thus 
the eight-bit channel number on lines 458 is stored in 
register 500 when the select command is generated. 
Since the strobe output of rising edge trigger circuit 501 
is applied to the Jinput of JK flip-flop 502, and since the 
Q output of JK flip-flop 502 is connected to the inhibit 
input of rising edge trigger circuit 501, trigger 501 is 
inhibited immediately following the SL CMD signal. 
The Q output of flip-flop 502 is made available online 

SELEC to interface computer 62. When interface com 
puter 62 detects that flip-flop 502 is set, it reads the 
eight-bit channel number from register 500 on lines SBC 
and generates a signal on line SLCT to the K input of 
flip-flop 502. This resets flip-flop 502, thereby removing 
the inhibit from rising edge trigger circuit 501. This 
allows trigger circuit 501 to return an acknowledge 
ment over line SL STS to digital device 18 which is 
then free to issue another select command on line SL 
CMD. 
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There is a logical interlock between the channel se 
lect circuit 452, the data receive buffer 450, and data 
transmit buffer 451 which insures that no data is trans 
mitted or received while the channel number is being 
changed by interface computer 62. This operates as 
follows. 
When a channel select command has been issued and 

flip-flop 502 set, operation of data receive buffer 450 
and data transmit buffer 451 by digital device 18 is dis 
abled. This is brought about by feeding the Q output of 
flip-flop 502 into the inhibit inputs of trigger circuits 470 
and 482 on the line labeled "SELECTED." Digital 
device 18 is also prevented from issuing the SL CMD 
signal to channel select circuit 452 when memory 466 in 
data receive buffer 450 has been partially emptied. This 
effect is obtained by means of JK flip-flop 474 in data 
receive buffer 450. That flip-flop is reset whenever an 
RCLEAR or RCW pulse is issued to flip-flop 468 or 
when the OVR output of counter 469 is set. Flip-flop 
474 is set whenever digital device 18 issues an RD 
CMD signal to falling edge trigger circuit 470 which in 
turn issues a strobe to the J input of JK flip-flop 474. By 
connecting the Q output of flip-flop 474 to the inhibit 
input of rising edge trigger circuit 501 in channel select 
unit 452 on the line labeled "BLOCK,' select con 
mands issued by digital device 18 to rising edge trigger 
circuit 501 are disabled. 

CHANNEL BREAK CIRCUIT 
The channel break circuit 453 shown in FIG. 7A 

appears in greater detail in FIG. 7F. This unit transfers 
an eight-bit channel number over lines RCH from inter 
face computer 62 to digital device 18. 

Interface computer 62 issues a channel break com 
mand (BREAK) in order to provide digital device 18 
with an eight-bit channel number when information 
transmission is to begin on a different channel than the 
one currently in use. This is accomplished by setting 
D-type flip-flop 510 by means of a pulse on the BREAK 
input line. The Q output of flip-flop 510 is connected to 
the inhibit input of falling edge trigger circuit 511 so 
that when flip-flop. 510 is set the trigger circuit is en 
abled allowing digital device 18 to issue a command on 
line BK CMD to falling edge trigger circuit 11. An 
indication that such a command can be issued is pro 
vided by status line BK STS which is set when falling 
edge trigger circuit 511 is enabled and is reset after a 
command has been issued. The strobe output of falling 
edge trigger circuit 511 is connected to the clear input 
of flip-flop 510 so that when a command has been issued 
that flip-flop is reset and falling edge trigger circuit 511 
is inhibited. Interface computer 62 detects that digital 
device 18 has issued a command on line BK CMD by 
examining line BK EKO which is connected to the Q 
output of flip-flop 510. 

INTERFACE COMPUTER 

Interface computer 62, which is shown in FIG. 2B to 
be part of terminal interface unit 17, is shown in block 
diagram form in FIG. 9A. Interface computer 62 is a 
small digital computer which has a single eight-bit accu 
mulator 602, sixteen eight-bit words of working storage 
604, and 256 sixteen-bit words of read-only program 
store 600. This computer supervises and controls trans 
mission activity by means of control lines that connect 
at the various parts of the transmission equipment as has 
been shown in the preceding FIGS. These control lines 
are organized so that they appear to interface computer 
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62 to be seven storage words, each containing eight bits. 
These control lines are known collectively as the "pe 
ripheral store' and are shown as peripheral store 611 in 
FIG. 9A. 
The instruction repertoire for interface computer 62 

is given below in Table I. As shown in FIG. 8, each 
instruction word of interface computer 62 contains 
sixteen bits which are organized into an operation code 
field of two bits, a T field of one bit, an R field of five 
bits, and an X field of eight bits. 

TABLE I 
Instruction Repertoire for the Terminal Interface 

Computer 
CONTROL INSTRUCTIONS 

Operation 
Code T R Instruction 

Field Field Definition 

00000 

Mnemonic 
Form Field 

GOTOa OO 0. Unconditional jump 
to the program 
store location 
specified by a 

00000 Jump to the program 
store location 
specified by a if a = 
O 

00000 Jump to the program 
store location 
specified by a if a 
a 0 

00000 Wait for Byte strobe 
00000 Unconditional jump 

to the program 
store location 
specified by x 

00000 Jump to the program 
store location 
specified by x if a = 
O 

00000 Jump to the program 
store location 
specified by x if a 
a 0 
Wait for Byte strobe 

BTa 0. O 

BFa 10 0. 

WAT 11 0 
GOTOx OO 

BTx O 1 

BFx 10 1 

WAIT l 00000 

ARTHMETIC AND LOGICAL INSTRUCTIONS 
Operation 
Code T 
Field Field 

A = at 00 0. 

instruction 
Definition 

Form the logical EXCLUSIVE 
OR of a and the contents of the 
specified by r and store the 
result in A 
Form the logical AND of a and 
the contents of the specified by 
r and store the result in A 
Add a to the contents of the 
location specified by r and store 
the result in A 
Storea in the location specified 
by r and also in A 
Form the logical EXCLUSIVE 
OR of x and the contents of the 
location specified by r and store 
the result in A 
Form the logical AND of x and 
the contents of the location 
specified by r and store the 
result in A 
Addix to the contents of the 
location specified by r and store 
the result in A 
Store x in the location specified 
by r and in A 

A = a O1 O 

A = a-- r 10 O 

A = a-r 1. 0 

A = x & r O 

A = x. --r O 1. 

A = x-r 1 1 

Referring to Table I, the instruction repertoire is seen 
to comprise control instructions and arithmetic and 
logical instructions. Control instructions are character 
ized in that the R field is 0. If the T field is a 0 then, as 
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shown in Table I, the accumulator, A, contains the 
operand for the instruction. If the T field is a 1 then the 
operand for the instruction is the contents of the X field. 
Note that in Table I the various instruction word fields 
are denoted by upper case letters while the contents of 
the fields are denoted by lower case letters. 
The arithmetic and logical instructions are seen in 

Table I to include addition, the logical AND, and the 
logical EXCLUSIVE OR functions. In the arithmetic 
and logical instructions, as in the control instructions, a 
1 value in the T field indicates that one of the operands, 
X, is contained in the X field while a 0 in the T field 
indicates that one of the operands is contained in the 
accumulator, A. The other operand in each case is 
found at the location specified by r, the contents of the 
R field. 
The locations which can be specified by the R field 

are shown in Table II to include the sixteen working 
storage locations denoted by Wi, where 0s is 15, the 
seven peripheral store locations Vk, where OSks 6, and 
the accumulator. 

TABLE I 
R Field Formats 

R location 
Field (Binary Value) Specified 
10000 - Working storage location 

W, where 0 s is 15. 
OO00 -- k Peripheral interface 

word Wik, where O S k is 6. 
Oil Accumulator. 
(0.000 No location, this 

specifies that the 
instruction is a 
control instruction. 

Referring again to FIG. 9A, it can be seen that pro 
gram store 600, outputs sixteen bit instruction words to 
instruction register 601. The output from instruction 
register 601 and the output from accumulator 602 are 
gated by means of selection circuit 608 onto eight lines 
609. From lines 609 the information may be transferred 
into program counter 605, which controls the address 
ing of program store 600, into eight-bit function genera 
tor 603, into peripheral store 611, or into working store 
604. Gating into the peripheral store is controlled by 
write select circuit 607. 

Function generator 603 provides the means for per 
forming the functions of addition, logical AND, EX 
CLUSIVE OR, and an additional function in which, 
upon command, the data on lines 609 are merely trans 
ferred to the function generator 603 output which com 
prises accumulator 602. Function generator 603 also 
supplies a special status signal whenever its output is 0. 
This status signal is gated into flip-flop 606. Function 
generator 603 obtains one of its inputs from the eight 
lines 609 and the other is obtained from eight lines 610. 
Data on lines 609 is obtained either from instruction 
register 601 or from accumulator 602 depending upon 
the operation of select circuit 608. The data on lines 610 
may be from working store 604 or from either accumu 
lator 602 or peripheral store 611 as determined by gat 
ing circuit 619. The function of the interface computer 
may best be appreciated by a consideration of the man 
ner in which the instructions in Table I above are exe 
cuted. 

Each cycle of interface computer 62 may be conve 
niently divied into four sections which are shown as t1, 
t2, t3, and ta in the timing diagram of FIG. 9B. During 
time interval ti, a sixteen-bit instruction is read out of 
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program store 600 into instruction register 601. The 
outputs from the most significant eight bits of the in 
struction register then determine the behavior of the 
machine during the remaining three time periods in the 
machine's cycle. This behavior is different for each of 
the eight different instructions described in Table I. For 
all instruction types, the machine increments the pro 
gram counter 605 at time t2. The output of this counter, 
at the subsequent time t1 selects the instruction to be 
used for the following machine cycle. 

First consider the eight control instructions. The 
instructions are seen to comprise two groups, the first 
having a T-field of 0, as indicated in Table I, and the 
second having a T-field equal to 1. The value of T deter 
mines the behavior of selection circuit 608. If T equals 
0, selection circuit 608 allows the output of accumulator 
602 to pass onto bus 609. If the T-field is a 1, selection 
circuit 608 allows the least significant eight bits of the 
current instruction contained in the I register 601 to 
pass onto bus 609. 
The operation code field in the instruction determines 

what use is made of the value that is gated onto bus 609. 
In a 'GOTO' instruction the contents of bus 609 are 
loaded unconditionally into the program counter 605 
during the time period starting at t2. This action over 
rides the previously mentioned operation of adding 1 to 
the program counter. The result of this action is, of 
course, that the next instruction is taken from the ad 
dress specified by the value on bus 609. 
The instruction whose operation code field has the 

value 01 is a jump instruction that is conditional on the 
value in accumulator 602. The effect of that instruction 
is to transfer the contents of bus 609 into the program 
counter 605 if the accumulator contains 0. The instruc 
tion with operation code 10 has the effect of transfer 
ring the contents of bus 609 into the program counter 
605 if the contents of the accumulator 602 is non-zero. It 
is possible to determine whether the contents of the 
accumulator is 0 by examining flip-flop 606. If the set 
output of flip-flop 606 is 0, then the contents of accumu 
lator 602 are zero. 

In either of the two conditional jump instructions, if 
the jump is actually to take place and information is to 
be transferred from bus 609 into program counter 605, 
this operation takes place starting in the time period 
beginning at t2 and overrides the previously mentioned 
act of incrementing the program counter. 
The remaining control instruction has operation code 

11 and is a WAIT instruction which stops the operation 
of the interface computer. The interface computer will 
resume operation when it receives a byte stobe signal 
from the data multiplexer 58. 
The eight arithmetic and logical instruction listed in 

Table I can also be grouped into two sets of four in 
structions. In one set the T-field is a 1, in the other it is 
a 0. As with the previously described control instruc 
tions, the T-field governs the action of selection circuit 
608. 
The operation code of the instruction in register 601 

determines what value is to be computed in the function 
generator and subsequently stored in the accumulator 
602. The computed value is stored in the accumulator at 
time t1, that is, at the beginning of the next instruction 
cycle. At the same time, flip-flop 606 is set either to 0 or 
to 1 as the result put into the accumulator is 0 or non 
zero, For operation code 11 the value stored in the 
accumulator is equal to the value on bus 609. For opera 
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tion code 10 the value stored in the accumulator is equal 
to the sum of the value on bus 609 and the value on the 
bus 610. For operation code 01 the value stored in the 
accumulator is the logical AND of the value on bus 609 
and the value on bus 610. For operation code 00 the 
value stored in the accumulator is the EXCLUSIVE 
OR of the value on bus 609 and the value on bus 610, 

Operation code 11 has the additional effect of storing 
the value from bus 609 into one eight-bit register, either 
in the working store 604 or in the peripheral store 611. 
The particular register concerned is determined by the 
R field of the instruction currently in the instruction 
register 601. That field also determines the contents of 
bus 610 which is equal to the contents of one of the 
words either from the working store 604 or the periph 
eral interface 605, or possibly from the accumulator 
602. If a store instruction takes place, that is, if the oper 
ation code is 11, then it takes place at time t3. 

Interface computer 62 shown in block diagram form 
in FIG. 9A is shown in greater detail in FIGS. 9C 
through 9G. Referring then to FIG. 9C, program store 
600 shown therein comprises a 256-word-by-sixteen-bit 
read-only memory unit. This memory may be formed, 
for example, from four integrated circuits of type 
SN74187 manufactured by Texas Instruments, Inc. 
The output of program store 600 comprises sixteen 

bit words which are clocked into instruction register 
601 when clock signal C1 is applied to instruction regis 
ter 601. The outputs of instruction register 601, which 
have been labeled in FIG. 9C in accordance with the 
instruction word format shown in FIG. 8, are applied to 
the remainder of the interface computer circuitry as 
shown to provide the requisite control signals. 
The clock signals used by the interface computer are 

supplied by the clock circuit shown in FIG.9G. Astable 
multivibrator 650 shown in FIG. 9G supplies a train of 
pulses to the clock input of D-type flip-flop 651. Flip 
flop 651 transfers these pulses on to flip-flop 652 if the D 
input to flip-flop 651 is not inhibited by NOR gate 666. 
The Q output of flip-flop 652 is applied to AND gate 
653, the output of which comprises the C1 clock signal 
used in FIGS. 9C, 9D and 9E. The Q output of flip-flop 
652 forms the C2 clock signal and is also applied to 
AND gate 654, the output of which is the C4 clock 
signal. The clock signals thus supplied by the output of 
flip-flop 652 are phased as shown in FIG. 9B. 
NOR gate 666 and flip-flops 655 provide the means 

for stopping the generation of clock signals when a 
WAIT signal occurs. This signal is supplied by AND 
gate 669 shown in FIG, 9C. The inputs to AND gate 
669 are supplied by AND gate 668 and NOR gate 612. 
As can be seen from FIG. 9C, AND gate 668 generates 
an output when both bits in the operation code field of 
the word currently in instruction register 601 are 1. 
NOR gate 612 generates an output when the first two 
bits in the R field of the word currently in instruction 
register 601 are 0. Referring back to Table 1, it thus can 
be seen that the WAIT signal is generated whenever a 
WAIT instruction is present in instruction register 601. 
Returning then to FIG. 9G, it is seen that when the 

WAIT signal is applied to flip-flop 655 it causes the Q 
output to rise at the next C4 pulse. This inhibits NOR 
gate 666 which causes the Q output of flip-flop 651 to 
remain a 1, thereby enabling AND gates 653 and 654. 
Since the Q output of flip-flop 651 remains a 0, no fur 
ther pulses are supplied to the clock input of flip-flop 
652, causing this flip-flop to remain in the state where its 
Q output is a 1 and its Q output is a 0. The clock circuit 
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thus halts with the C1 output a 1 and the C2 and C4 
outputs a 0. The point of the clock signal waveforms at 
which the clock circuit halts is graphically shown in 
FIG. 9B by the line labelled "HALT.' The clock cir 
cuit resumes normal operation when flip-flop 655 is 
reset by the byte strobe from data multiplexer 58 on line 
BS. Since a 0 is required to reset a D-type flip-flop, the 
byte strobesignal must be inverted by inverter 667. 

Returning then to FIG. 9D, it is seen that the outputs 
of instruction register 601 corresponding to the X field 
of an instruction word are applied to select circuit 608 
which operates in the same manner as select circuit 179 
shown in FIG. 5B. The select input to select circuit 608 
is the one-bit T field output from instruction register 601 
which servs to gate onto eight lines 609 the X field from 
instruction register 601 if T = 1, and the contents of 
eight-bit accumulator 602 if T=0. 
The clocking of accumulator 602 shown in FIG.9E is 

performed by the CA signal from AND gate 645 which 
is generated by each C1 clock signal unless inhibited by 
the Q output of flip-flop 613 being a 0. The Q output of 
flip-flop 613 is a 0 only when the value gated into its D 
input by the C4 pulse is a 1. This only occurs during a 
control instruction at which time both inputs to NOR 
gate 612 are 0 thereby causing its output to be a 1. 
The input to eight-bit accumulator 602 is supplied by 

eight-bit function generator 603 which computes the 
aforementioned four functions from the two eight-bit 
operands on lines 609 and 610. Function generator 603 
can be made from two four-bit function circuits of type 
74181 manufactured by Texas Instruments, Inc. The 
two-bit operation code available from instruction regis 
ter 601 must be suitably gated to provide the proper 
signals to the So, S1, S2, S3 and M inputs of the type 
74181 function circuits. The gating that is required is 
shown in Table III. 

TABLE I 

O 0: So S S. S3 M 
O O O 1 
O O 

O O O O 
O 

This gating is accomplished by the voltage -V, NAND 
gate 614, and inverter 615 as shown in FIG.9E. 

If the four bit result from each of the two function 
circuits is zero, then their "C" outputs are each l. These 
outputs are combined by NAND gate 616 to yield a signal 
that is 0 if the result stored in accumulator 602 is non 
zero and are applied to zero detector 606 shown in FIG. 
9C which is seen to comprise a D-type flip-flop that is 
clocked by the CA signal from AND gate 645. 
The outputs of flip-flop 606 and NOR gate 612 are 

combined by AND-NOR gate 617 with the two opera 
tion code bits as inverted by inverters 670 and 671 to 
determine whether a control instruction is currently 
resident in instruction register 601. The AND-NOR 
gate 617 may be obtained, for example, as part number 
74H55 manufactured by Texas Instruments, Inc. The 
output of AND-NOR gate 617 is a 0 if a control transfer 
is present and it causes eight-bit program counter 605 to 
be loaded by the data currently on bus 609. The count 
input of program counter 605 is provided by the C2 
pulse and its output drives the address leads of program 
store 600. 
The other storage unit used by interface computer 62 

is working store 604 shown in FIG. 9E. This storage 
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unit contains sixteen eight-bit storage locations. These 
locations have been previously referred to in Table II as 
locations Wi, where 0SiS 15. The Wii are used to store 
the information required by that part of the communica 
tion process that is executed by the interface computer. 
In the detailed explanation of this process which is to 
follow hereinafter, the Ware, for convenience referred 
to by mnemonic designations. These are given in Table 
IV below along with an explanation of the contents of 
each location. 

TABLE IV 
Working 
Store 
Location Mnemonic 

SOUT 
DOUT 
DEN 
DERR 

Explanation 
Status of the signal output routine 
Status of the data output routine 
Status of the data input routine 
List of errors detected by the data 
input routine 
Sequence number of the last 
packet transmitted by the data 
output routine 
Sequence number of the last 
packet that the data output 
routine is allowed to transmit 
Sequence number of the packet 
which the data input routine 
next expects to receive 
Channel number that is currently 
selected for data output from 
the digital device 
The information which is to be 
inserted in byte S1 of the next 
signal packet to be transmitted 
by the signal output routine 
The information which is to be 
inserted in byte S2 of the next 
signal packet to be transmitted 
by the signal output routine 
The information that was in byte 
S1 of the last signal packet that 
was received by the signal input 
routine 
The information that was in byte 
S2 of the last signal packet that 
was received by the signal input 
routine 
The information which is to be 
inserted in byte D of the next 
data packet to be transmitted 
by the data output routine 
The information which is to be 
inserted in byte D2 of the next 
data packet to be transmitted 
by the data output routine 
The information that was in byte 
D of the last data packet that 
was received by the data input 
routine 
The information that was in byte 
D2 of the last data packet that 
was received by the data input 
routine 

SSEQ 

LMIT 

RSEQ 

W7 SELCH 

W8 FOUT 

W9 NOUT 

W10 FN 

W1 NIN 

W2 COUT 

W3 LOUT 

W4 CEN 

W15 LIN 

Working store 604 may be constructed from a pair of 
sixteen-word-by-four-bit integrated circuit memories 
such as bipolar LSI memory 3101 manufactured by 
Intel, Inc. The four-bit address required to access work 
ing store 604 is obtained from the least significant four 
bits, R, R2, R3 and R4, of the R field of the instruction 
currently in instruction register 601. Working store 604 
is selected if the most significant bit, Ro, of the R field is 
1. Input in working store 604 occurs during time t2 
shown in FIG.9B from eight lines 609 when a signal is 
supplied by AND gate 618 to the write input of the 
store. Output from working store 604 is available on 
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eight lines 610 when a l is present on the select input of 
the store. 
The major remaining portion of the interface com 

puter is peripheral store 611 shown in FIG. 9D. As 
previously mentioned, peripheral store 611 actually 
comprises a plurality of sets of input and output lines 
which are treated by interface computer 62 like a series 
of memory locations. These input and output lines pro 
vide the means for the flow of commands and data 
between interface computer 62 and the rest of the termi 
nal interface unit 17. Table V below provides a list of 
these input and output lines and an explanation of their 
functions. 

TABLE W 
Peri- Line 
pheral Name 
Store in FIGS. 9C, Function 
Location 9D, and 9E Performed 

Pheripheral Store 
- Output Lines 

These eight lines transfer a byte of 
control information to shift 
register 25l of data multiplexer 
58 shown in FIG. 6A 
These eight lines transfer to 
digital device 18 the channel 
number on which data is 
currently available 
These five lines transfer to 
counter 469 shown in FG, 7C 
the length of the data in the 
data packet currently being 
input to data receive buffer 
450. These five lines 
correspond to the five most 
significant bits of eight-bit 
register 630 
This comprises the seven lines: 
This line transmits the pulse that 
causes data transmit buffer 451 
shown in FIG. D to transfer 
data to data multiplexer 58. 
This line transmits the pulse that 
causes data transmit buffer 451 
shown in F.G. 7D to allow the 
digital device 18 to write into 
data transmit buffer memory 
480 
This line transmits the pulse that 
causes data receive buffer 450 
shown in FIG. 7C to receive 
data from data multiplexer 58 
This line transmits the pulse that 
causes data receive buffer 450 
shown in FIG. 7C to allow the 
digital device to read from data 
receive buffer memory 466 
This line transmits the pulse that 
causes the channel break 
circuit 453 shown in FIG. 7F to 
send the BK STS signal to 
digital device 18 thereby 
informing it that there is a 
channel number waiting 
This line transmits the pulse that 
causes data receiver buffer 450 
shown in FG, 7C to send an 
end of message, EOMR, signal 
to digital device 18 
This line transmits the pulse that 
causes channel select circuit 
452 shown in FIG. 7E to read a 
channel number from digital 
device 18 
This comprises the five lines: 
This line transmits the pulse that 
puts data receive buffer 450 
shown in FIG. 7C into the test 
node 

W6 MDO 

RCH 

RB 

CMDB 
XMT 

SCLEAR 

RCLEAR 

BREAK 

REOM 

SLCT 

Wo CMDA 
RTEST 
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TABLE V-continued TABLE V-continued 
Peri- Line Peri- Line 
pheral Nanne pheral Name 
Store in FIGS. 9C, Function Store in FIGS. 9C, Function 
Location 9D, and 9E Performed 5 Location 9D, and 9E Performed 

STEST This line transmits the pulse that FIG. 6E when a bipolar error is 
puts data transmit buffer 451 detected in the packet just 
shown in FIG. 7D into the test received by the data 
mode multiplexer 

SENDS This line transmits a pulse that 10 ERROR This line transmits a pulse from 
informs data multiplexer 58 data receive buffer 450 shown 
that the terminal interface unit in FIG. 7C when an error is 
17 wants to send a signal packet detected in a data packet 

SENDED This line transmits a pulse that D36 This line transmits a pulse from 
informs data multiplexer 58 data multiplexer 58 when it 
that the terminal interface unit transmits the 36th byte of a 
17 wants to send a data packet 15 data packet 

ALIVE This line transmits a pulse to AND FRAMEOUT This line transmits a pulse from 
gate 73 shown in FIG. 2B that data multiplexer 58 when it 
enables power monitor 76 to detects a Tl framing error 
keep protection relay 54 closed SEND This line transnits a pulse from 

Peripheral Store data multiplexer 58 when it is 
Input Lines 2O transmitting a new packet 

W6 MDI The eight lines transfer a byte of READ This line transmits a pulse from 
information from data data multiplexer 58 when it is 
multiplexer 58 to receive buffer reading a signal or data packet 
memory 466 of data receive having the terminals 
buffer 450 shown in F.G. 7C identification number 
and also to the interface 25 PKT This line transmits a timing signal 
computer 62 shown in FIG. 9D pulse from data multiplexer 58 

W4 SBC These eight lines transfer the 
channel number selected by digital device i8 from register Considering first the input lines 620 through 626 of 
500 of channel select circuit peripheral store 611 (FIG. 9D). These and lines 627 
452 shown in FIG. TE 30 from a register 602 are seen to be gated onto eight lines 

W3 SBL Ef fix t are Firas 610 by gating circuit 619 shown in FIG. 9D. Gating 
Egg, pe circuit 619 comprises eight gates 619A-619H. Each of 
transfer from counter 483 these eight gates has eight input bit positions. Each of 
shown in FIG.7D the length of the eight incoming cables 620 through 627 comprises 
the data in the data packet 35 eight wires. One wire from each of these eight cables is 
currently stored in the data connected to a particular input bit position on each of 
transmit buffer 45. These five 
lines correspond to the five eight gates 619A-619H. Gates 619A-619H each output 
least significant bits of six-bit that input bit position selected by the three-bit address 
counter 483 w R2, R3, R4. Since the same three-bit address is always 

V2 STSB This comprises five lines: 40 supplied to each of eight gates 619A-619H, each of the 
SSUM This line transmits a pulse from w - - counter 483 of data transmit eight gates always outputs the same input bit position. 

buffer 45 shown in FIG. 7D Thus, each three-bit address supplied to gating circuit 
when the counter overflows 619 results in the gating of each of the eight wires of one 

RSUM ity from of cables 620 through 627 onto the eight output lines 
Eic 45 610. Gates 619A-619H supply an output whenever the 
when the counter overflows Robit connected to their inhibit inputs is a zero. These 

SELEC This line transmits a pulse from gates may each comprise integrated circuits of the type 
; city 452. 8231 manufactured by Signetics, Inc. 

shown in FIG E that indicates Considering next the output lines 640 through 644 of that the digital device 18 has provided another channel 50 peripheral store 611, these are seen to be supplied from 
number the eight-bit registers 628 through 632 shown in FIG. 

BKEKO This line transmits a pulse from 9D. These registers are set by the signals on eight lines 
channel break circuit 453 609 under the control of write select circuit 607. Write 
shown in FIG. 7F. The pulse s -- ends when the digital device 18 select circuit 607, which may comprise part number 
has acknowledged the channel 55 74874 manufactured by Texas Instruments, selects 
number previously sent by the which of five registers 628 through 632 is to receive an 
interface computer 62 input from lines 609 at any given time. This selection is 

EOMS This line transmits a pulse from data transmit buffer 45 shown made in accordance with the three least significant bits 
in FIG. 7D that indicates that of the R field if it is not inhibited by a signal from 
digital device 18 has sent an 60 NAND gate 634 (FIG. 9C). NAND gate 634 uses the 
indig al to data Oo, O1, R1 and Roas inverted by inverter 634A to gener 
tes e a 

V1 TD These eight lines transfer the ate an inhibit at all times except when a transfer is to be 
terminals identification number made to peripheral store 611. Registers 628 through 630 
from patch block 381 of data each comprise eight D-type flip-flops. The clock inputs 

tiplete 58 shown in FIG, 65 for each of these registers are provided by NOR gates 
Vo STSA This comprises seven lines: 635 through 637, respectively, each of which serves to 

BPER This line transmits a pulse from combine the C4 clock signal and the appropriate output 
data multiplexer 58 shown in from write select circuit 607. Registers 631 and 632 also 






























































































































