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2. ABSTRACT 

The 680 Data Communication System 8-Bit Character Assembly Subroutines concentrate 
Teletype data by assembling serial-bit data into 8-bit characters and present the user with data similar to 
that obtained by using a 630 DCS and scanner. They also add start and stop bits to 8-bit characters and 
transmit them in serial-bit fashion. Full duplex lines are assumed, but the subroutines will work with half 

duplex if the user handles the expected echo. 

3. REQUIREMENTS 

3.1 Storage 

The subroutines as presently coded occupy 400 octal locations plus space for internal buffer- 
ing of the input and output characters and for the TTI instructions. In addition, space is used in memory 
page 0 and a limited number of autoindex registers are used as explained below. Within the limits de- 
scribed, the program can be placed anywhere in the first 4K of PDP-8 memory. The total amount of mem- 
ory used including the autoindex registers and the locations in page 0 is as follows: 

+ 422, 7n 

where n is the number of Teletype lines to the next even multiple of eight lines if the number of lines is 

not already an even multiple of eight. 

3.2 Subprograms and/or Subroutines 

Digital-8-35-S-A 
680 5-Bit Character Assembly Subroutines 

for reference or in the event the user's requirements include a mixture of 5-bit and 8-bit lines. q 

3.3 Equipment 

Minimum configuration PDP-8 
680 Data Communication System hardware 

3.4 Miscellaneous 

3.4.1 The tag TT8BGN must be defined as the address of the start of the Teletype subroutines. It 
can be defined as anywhere in memory, but must be equated to the start of a PDP-8 memory page. 

3.4.2 Three autoindex registers called T8AX1, T8AX2, and T8AX3 must be defined. 

3.4.3 The tag TT8PGO must be defined as the start of an area in memory page 0 where the necessary 
Teletype constants can be stored. An area of 17g registers must be reserved. 

3.4.4 The tag T8OBF must be defined as the start of the area reserved for outputting the Teletype 
characters. It must be equal in length to the number of lines (even multiple of 8) attached to the particular 
set of subroutines. It can be anywhere in memory and need not start at the beginning of a memory page. 

3.4.5 The tag T8OBF2 must be defined as an area equal in length to T8OBF. It is used for double- 
buffering the output characters to allow maximum output rate. 

3.4.6 The tag T8IBF must be defined as the area for storing incoming Teletype characters and line 
numbers. It must be equal in length to twice the number of lines attached to the particular set of subroutines.
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3.4.7 The tag T8IN must be defined as the start of the area used by the subroutines for generating 

the appropriate number of TTI instructions. It must be equal in length to three times the number of lines 
plus one register. Here again it need not be defined as the start of a memory page. 

3.4.8 The tag TTCHAR must be defined as a single register in page 0. 

3.4.9 In-the interrupt service routine the following set or sets of instructions must appear: 

T8S KP /SKIP ON CLOCK FLAG 
SKP /TEST FOR NEXT INTERRUPT CAUSE 
JidP = T8DIS / JUMP TO APPROPRIATE CLOCK INTERRUPT 

/ROUTINE 

Re-ause of the speed necessary for Teletype handling, the checks for clock interrupts should be the first 

ones in the interrupt service interrogation loop; the link bit and accumulator contents should not be saved 
crior to interrogation of the appropriate clock flag. If necessary for other interrupts, the link and accu- 
mulator contents should be saved only after all clock interrupts have been checked. 

3.4.10 Clock [OT's 

The IOT's to test the clock for the 1 state, turn the clock on, and turn the clock off must be 

given the correct octal definitions: 

Mnemonic Clock | Clock 2 Clock 3 Clock 4 

T8SKP 6421 6431 644] 6451 

TT8ON 6424 6434 6444 6454 

TT8OFF 6422 6432 6442 6452 

4, USAGE 

4.2 Calling Sequence 

The pseudo command T8INIT must be executed before the instruction TT8ON and also before 
either of the other pseudo commands T8SOF or T8SIR is executed. (See Section 4.4.1, 4.4.2 and 4.4.3 

for definitions of the pseudo commands.) 

4.3 Switch Settings 

None 

4.4 Start up and/or Entry 

Three pseudo commands for using this set of subroutines are provided to the main program. 

They are defined as jumps to subroutines and their definitions and instructions are included in the package. 

These are the only commands necessary in the main program for gathering and outputting the Teletype 

characters. The user should note that no subroutines are included for packing or unpacking of the charac- 

ters ky word or even line number. 

4.4.1] Teletype Initialize (T8INIT) 

This command (which must be used only once in the main program) assumes that the user 

enters with the number of lines in the accumulater and that the register following the initialize command
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contains the first line number for this type of Teletype line. This subroutine initializes all of the buffer 
areas, counters, and pointers, and generates the proper number of TTI instructions. 

4.4.2 Skip if Output Free (T8SOF) 

This instruction skips the next register in memory and transmits the character contained in 
register TTCHAR if the indicated output line is free. If the output line is not free, the instruction does 
not skip. The instruction requires that the line number over which the character is to be transmitted be 
in the accumulator at the time the instruction is issued. The pseudo command takes 24 psec minimum time, 
and 42 usec maximum time. The accumulator will be cleared when exiting from the command. 

4.4.3 Skip if Input Ready (T8SIR) 

This instruction skips the next location in memory and returns with the line number in the 
accumulator and the character placed at TTCHAR if an input character is available. If no character is 
available, the instruction does not skip and the accumulator is -1. Only the low order eight bits of the 
character at TTCHAR should be used, as additional bits representing the stop codes are also present in the 

character. 

If no character is available, 15 psec are used by the pseudo instructions; if a character is 
available, 37.5 psec are used; and if the end of the storage area is reached, a maximum of 48 usec is 
used by the instruction. 

4.4.4 Skip if Either Input is Ready (T8SIE) 

This command is used when more than one type of Teletype line is being used. As presently 
coded, it assumes that two are being used, that one is an 8-bit line, and one is a 5-bit line. It skips if 
a character is available from either of the two types of lines being used and presents the user with the line 
number in the accumulator and the character in location TTCHAR. If no character is available, 37.5 usec 
are used; if a character is available, 60 usec are used; if the end of a buffer area is found, a maximum of 
70.5 usec is used. As stated, the command assumes that two types of lines are being used. However, if 
a single type of line at two different speeds is used, the instructions, which occupy approximately 10 loca- 
tions, can easily be changed to reference the correct set of subroutines. 

NOTE: Since the pseudo operation references the pseudo-operation T5SIR, the 
user can expect an assembly error if the 8-bit subroutines are not assembled with 
the 5-bit subroutines. However, assuming that the user's requirements include 
only 8-bit lines and that the operation T8SIE would not be used, the error may 
either be ignored or the coding for T8SIE be deleted from the ASCII tape. 

5. RESTRICTIONS 

3.1 Status Active Registers 

The autoindex registers defined as T8AX1, T8AX2, and T8AX3 must not be disturbed after 

the pseudo operation T8INIT. 

6. DESCRIPTION 

6.1 Discussion 

These subroutines are designed to accumulate 8-bit Teletype characters to and from multiple 
Teletype lines connected to a PDP-8. They handle input data in serial-bit format and present the user
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with character and line identification. The user presents the routines with line identification and char- 
acter format data, and the routines transmit the information in serial-bit format. 

Most of the PDP-8 memory is available for data buffering and for packing. A large propor- 
tion of the time however is used in buffering the Teletype lines themselves. Assuming even minor data 
handling is necessary before transmission (possibly to a larger computer), present estimates indicate the 
user cannot handle 128 8-bit linesat 110 baud. Exact timing information is shown in Section 9. The user 
should note that the programming described involves the handling of the Teletype lines only and does not 
include any packing or unpacking of words, lines, or messages. The main program communicates with 
the Teletype subroutines via a group of pseudo commands which are described fully in Section 4.4 with 
examples of their usage in Section 6.2. 

If the user's requirements include a mixture of 8-bit and 5-bit lines, it is necessary that the 
5-bit Character Assembly Subroutines (Digi tal-8-35-S-A) be included with the user's programs. 

6.2 Examples and/or Applications 

6.2.1 To initialize the subroutines, codingsimilar to the following should appear in the user's 
program: 

TAD NUMLIN / GET NUMBER OF LINES 
TSINIT /INITIALIZE SUBROUTINES 
SLN /STARTING LINE NUMBER 
ION /ENABLE INTERRUPTS 
TT8ON /TURN ON CLOCK 

NOTE: Following these lines of coding it is necessary that the user wait 8 clock 
interrupts before using the pseudo-instruction T8SOF. Otherwise, the first 
character transmitted will be erroneous. 

6.2.2 To output a character, <cdina similar to the following should appear: 

TAD CHARAC / GET OUTPUT CHARACTER 
DCA TTCHAR “FOR OUTPUT SUBROUTINE 
TAD LINE NO / GET LINE NUMBER 
T8SOF /OUTPUT, SKIP IF FREE 

JMP OUTNA /OUTPUT NOT FREE 
CONTINUE / CHARACTER ACCEPTED, CONTINUE 

6.2.3 To test for an input character available, coding similar to the following should appear: 

T8SIR /CHECK FOR INPUT 
JMP ron /WAIT FOR A CHARACTER 
DCA SAV LIN /SAVE LINE NUMBER 
TAD TTCHAR / GET CHARACTER INPUT 
AND THREE7 /377, CLEAR STOP BIT 

7. METHODS 

7.1 Discussion
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7.1.1 Input Character Assembly 

The 8-bit Character Assembly Interrupt Subroutine executes a TTI instruction for each line 
selected every clock interrupt. The program then scans one eighth of the character assembly words to see 
if a full input character has been assembled for any of the lines. Ifa fully assembled character is found, 
the program stores the character and line number in the input buffer, zeros the TTI status word, and sets 
the TTI character assembly word to 2000. Note that bit 1 of the character assembly word is initially set 
toa 1 and the rest of the character assembly word is zeros. As the character is assembled, the character 
assembly word is shifted one bit position to the right for the start bit and each data bit. When the link 

can be set toa 1 by aRTR, the character is fully assembled. 

7.1.2 Output Character Handling 

Initially, the pseudo operation T8SOF adds start and stop bits to the output characters and 
places them in the second output buffer (TBOBF2). Eventually, the interrupt subroutine transfers the char- 
acters from the second output buffer to the first output buffer (T8OBF). One eighth of the lines are scanned 
for output every clock interrupt. That is, for any one line one bit may be output every eight clock inter- 
rupts. The first output buffer location for a line is tested for zero or non-zero. If it is non-zero the pro- 
gram outputs one bit of that location and stores the remaining information back in the first output buffer. 

If the T8OBF location is zero, the second output buffer is tested for zero or non-zero. The second buffer 
location in the zero state indicates no new output. If the location is non-zero, the program outputs one 
bit, stores the remaining bits in the first output buffer, and zeros the second output buffer. 

8. FORMAT 

8.1 Input Data (T8SIR) 

If the pseudo operation T8SIR skips, the input data is the following format: 

8.1.1 Accumulator contains line number. 

8.1.2 The lower eight bits of the register TTCHAR contain the input character. 

8.3 Output Data (T8SOF) 

The user presents the pseudo operation T8SOF with output characters in the following format: 

8.3.1 The lower eight bits of register TTCHAR contain the output character. 

8.3.2 The accumulator contains the number of the line on which the character is to be output. 

9. EXECUTION TIME 

9.1 Minimum 

9.2 Maximum 

9.3 Average 

The table below indicates the percentages of machine time used for 110 baud 8-bit systems 

and is as accurate as is presently possible. Any additional features which may be required for the Teletype 
handling would add appreciably to the times shown: 

TIMING TABLE
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9.4 

10.3.2 

Numbers indicate the percentage of available machine time used in the average case. 

No. of Lines 8-Bit 110 Baud 

32 34.1% 

64 57.7 % 

96 81.3 % 

128 104.9 % 

Timing Equations 

Where n = the number of lines, the 8-bit subroutines require an average time of 
8.38n+119.5 usec. Clock flags (at 110 baud) occur every 1135 usec. 

PROGRAM 

List of [tems and Pseudo Commands 

List of Items 

TT8BGN 

T8AX1 

T8AX2 
T8AXS 
TT8PGO 

T8OBF 
T8OBF2 

T8IBF 
T8IN 
TTCHAR 

List of Pseudo Command 

/BEGINNING OF SUBROUTINE. MUST BE 
/EQUATED TO START OF A PAGE. (AREA 
/\NCLUDES TWO PAGES). 
/AUTOINDEX REGISTER. 
/AUTOINDEX REGISTER. 
/AUTOINDEX REGISTER. 
/START OF CONSTANT AREA IN PAGE 0, 
/(LENGTH 17g REGISTERS.) 
/START OF OUTPUT BUFFER. (LENGTH = n.) 
/START OF SECOND OUTPUT BUFFER. 
/(LENGTH =n.) 
/START OF INPUT BUFFER. (LENGTH = 2n.) 
/START OF TT] AREA. (LENGTH = 3nt1.) 
/CHARACTER AREA PAGE 0. (SINGLE REGISTER.) 

Times (users) 

Command Minimum Average Maximum 

T8INIT Initialize - 

T8S OF Skip if output free 24 - 42 

T8SIR Skip if input ready 15 37.5 48 

T8SIE Skip if either input ready 37.5 60.0 70.5 
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CARRET 

“LRELG 

SORES 

TEL AY 

-NNCOOD 

“IVE 

TNPTS 

<CCLTi 

<CCLT2 

<CCLT3 
<CCOLT4 

<COLT5 

«NOW 

<RRLT1 

<RPLT2 

<RALTS 

CRRLT4 

<RRLT5 

<RSLT1 

CRSLT2 
<RSLTS3 

“RSLT4 

“RSLT5 

<SFLT1L 

<SFLT2 

<SFLT3 

<SFLT4 

SSFLT5 

<1 
he) 

£6 

{64 

FCODE 

NFEED 

_PNINR 

JACT 

JACTYV 

IDF X 

IDFX4 

JRUPT 

JUTALL 

YUTCDS 

YUTIN 

JUTPTS 

A264 
AVAL 
A126 
A641 
A137 
1A52 
AA73 
6422 
642? 
6442 
6462 
6112 
AA44 
6406 
6426 
6446 
6466 
6116 
6424 
6424 

6444 
6464 
61.14 
6491 
6421 
6441 
6461 
6111 
A107 
A11@ 
A1it 
A652 
A136 
A326 
AA46 
A125 
9269 
AG5O 

@A51 
A253 
A209 
0323 
A4AB 
@A65 

JUTR 

2ETCON 

2POTNR 

SUPTST 
SEVEN 

sK TPS 

SPACE 

+TtLOGP 

SWITCH 

s3WIL OOP 

IWOUTR 

‘WSK ITP 

“CFLT1L 

“CFLT2 

“CFLTS 

“CFLT4 

“CFLT5 

“LSLT1 

“LSLT2 

“LSLT3 

“LSLT4 

“LSLT5 

“PCLT1 

“PCLT2 

“PCLTS3 

“PCLT4 

“PCLT5 

“SFLT1 

“SFLT2 

“SFLT3 

“SFLT4 

“SFLTS 

-ATTI 

‘HO 

SHOTS 

JHORU 

!IHOSTR 

iHWAIT 

JRUCAD 

{RULOP 

0446 
A135 
0112 
AAMG 
A651 
A052 
A134 
A225 
2600 
616 
A631 
A636 
6412 
6432 
6452 
6472 
6122 
6416 
6436 
6456 
6476 
6126 
6414 
6434 
6454 
6474 
6124 
6414 
6434 
64541 
6471 
6121 
A241 
AAPA 
AG27 
1020 
AN45 
1022 
1054 
1004 
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/BRIT CHARACTES ASSEMBLY SUBROUTINES 

/TYPE 68% TELETYPE LINE MULTIPLEXER 

/LMH 7-8-65, 8 BIT 

TTR&BGN= SAAD 

TT&8PGA=176 

TBNBF =4644 

TBIBF=420¥ 

TBOBF 2=5A42 

TBAX1=14 

TBAX2=15 

TBAX3=16 

TTCHAR=177 

T8IN=3377 

TTT=464A2 JTELETYSE INPUT COMMAND 
TTN=4424 /JTELETYPE OUTPUT COMMAND 

TTCL=6411 /CLEAR LINE REGISTER 

TTRPL=6414 /SRFAM LINE REGISTER 
TTSL26442 /SSFT LIWF REGISTER, CLR AC 

TTRON=4424 STURN CLOCK ON 

TTROFF =643? JTURN CLOCK OFF 

TBSKP=44231 JSKIP CS CLOCK FLAG 

TTINCGR=6471 /INCRFEFMENT LINE RFGISTER 

*TTBPGA 

1176 ABAYG TBINFL;, (A J/INPUT READY FLAG 

1497 4177 42x%TBRFK, TRIRFE -*4 /TO RESFT INPUT RUFFER POTNTER 

112A ABABH TBNL, a /-NUMRER OF LINES 

(12314 460A T8K7, TAGREF /K FOR 1ST NUTPUT RUFFER 

1132 3A?P4 6 6T8KB, TECO™ /TO EMTFR COMMON ROUTINE 

1433 3151 TS8SOUT, TROUTS SSKIP JTF QUTP!IT FREE 
i4%4 ZOAA TASIN, TRINS /SKIP JF INPUT READY 

‘175 3224 Teco, TECNS JINTTIALIZE ROUTINE 

‘136 3344 TBIES, TRSE /SKIP IF FITHER LINE READY 

1127 469A =TAOUTK, TRORE JPOINTER TNO FIRST OUTPUT RUFFER 

14404 SAAA TANTK?, TROBE OD JPOTNTER TO 2ND OUTPUT RUFFER 

‘141 NARA TBK SA, TBNRF 2? /K FOR OND QUTPUT RUFFER 

(142 777 TB8CNT1., ~1V JHOLD MAJOR LOOP COUNTER 

1143 “ara TBCNT?, (A /“INOR LOQP COUNTER 

1144 AgAWH TBCNTS, a /COUNTER FOR INPUT RUFFFR 

#TT8RG" 
JMULTTOELE LEVEL INTERRUPT ROUTINE 
JALLOWS MULTIPLE LEVEL INTFRRUPT TO THIS ROUTINE AND UNLIMITED OTHERS 

cAGQ 2334 TAaNIS, 1S% T8LC /LFVEL COUNTER 

‘AFL 5216 IMP TRBNITS3 /2NN LEVEL TNTERRUPT 

AD B35 NCA TBSA SAVE ACCUMULATOR 

AAS T7AIA RAR /GFT LINK 

AC4 Z3%zG NCA T&SVLK /SSAVE LINK 

CPAs +4AAaAY TAN #7 A JIMTERRUPT ADDRESS 

APG 2337 NcaA TRSVe /SAVF ADDRESS 

caG7 6414 TTRL /FQ LINE NUMRER 

LAA 3346 NCA TASVLN /SAVE LINF NUMBER 

“B41 6424 TTRON /TO CLEAR FLAG ONLY 

a12 6081 TB8DIS2, TON JRE m=FNABLEPROGRAM INTERRUPT 

A413 13549 TAN T8KY /STARTING LINER1L



5014 

A115 

4016 

5417 

ADA 

SAP 

AP? 

SAPS 

SADA 

5APS 

4AD6 

sA27 

“ASA 

SRY 

40AZ2 

~AXS 

SAG 

<AS5 

SAZA 

<AZ7 

SAA 

A411 

‘AMP 

A443 

(NAG 

3945 
BAL6G 

N47 
LAE 
“AS4 
AARP 

“ABS 
ZARA 

“ABS 
XA56 
“OR7 

SAAD 
CABAL 

3062 

SAAS 

3AA4 

30465 

3066 
SAAT 

3070Q 

BAT 

3272 

ZBATZ 
3074 

5A75 

3276 
3077 

6413 
5741 

A434 
5AM1 
54ag 

1342 

3143 

1343 

A413 

1537 

7456 

5323 

A405 

3537 

1414 

7110 

7439 

53AalL 

72”N@A 

P1387 

2144 

PA14 

A814 

2143 

5225 

A414 
4343 

2142 

5263 

1344 

3142 

1345 

3A14 

1350 

4343 

1131 

3137 

1141 

3140 

AOA2 

7240 

1334 

43334 

1334 

7700 

5212 

1549 

46413 

1336 

7104 

1335 

AAAI 
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TTSL+1 /SET LINE REGISTER, CLFAR AC 

JMP 1 T8K1 /JUMP TO TTI LOOP 

JOND LEVEL INTFRRUPT 
TENISS, TTSON /CLEAR CLOCK FLAG 

ION JRE-FNABLE PROGRAM INTERRUPT 

JMP T Z2 A /RFTURN TO THE MAIN PROGRAM 

7SRFTURN FROM [NPUT TTI LOOP 
T8COM, TAN T8MNC JMTINOR COUNTER, NUMRFR OF LINES/B 

Nca # TBCANT2 JMINOR LOOP COUNTER 
TAM TSLN /LINF NUMBER 
TTSL4+1 /SFT LINE NUMRER 

T8COMI, TAN T # T8BOUTK /O'TPUT WORD 
SNA JSOMF THING TO TRANSMIT 

JMP T8COMB /SEF IF WORD AVAILARLFE 
TTAN+1 JINCR, LINE REGISTER AND OUTPUT 

Nncs 1 # TBOUTK JSTORE WORD 

T8COM1, TAN 1 4 TBAX1 /PICK UP CHARACTER ASSFMRLY WORD 
CLL RAR /PUT RIT 11 IN LINK 
SZL /CHARACTFR NOT COMPLFTFD 
JIMP TBCOM6 /STORE CHARACTER 

CLA /GLEAR AC FOR TAN 

T8C0OM3, 1SZ% % TENUTK /JUPDATF OUTPUT ANDR 
1S# 4% TeanTK2 JUPNATF 2NN RUFFER ANDRESS 

1S% #4 TBAX1 JUPNATE FOR NEXT INPUT LINE 
1S# #4 THAX1 JUPDATE FOR NEXT INPUT LINE 
1S# 2% TENT? JARE ONE-EIGHTH OF LINES CHECKED? 
JMP TACOMA /CHECK NEXT LINE 

T8COM4, TTRL REAM LINE NUMBER 
NCA TBLN /SAVE LINE NUMRER 

1S% #2 T8CNT1L SHAVE ALL LINES REFN CHECKED 
JMP TBCOMS /RESET ANN NISMISS 
TAN TBK2 /-19 
NCA % TACNT41 JRESET MAJOR LOOP COUNTER 
TAN TBK3 /TSIN4e4 

NCA % TBAX1 /RESFT INPUT LINE POINTER 
TAN T&KY /STARTING LINF=1 
Nca TBLN /RFESET LINF NUMRER 
TAN 7% T8K7 7TRORF 

NCA 2% TBOUTK /JRFSFT OUTPUT LINE POINTFR 
TAD 2% T8K36 /TAQRF 2 
NCA 4% T8OTK? ZRFEFSFT OND RUFFER POINTER 

T8COMS, IOF /TURN OFF INTERRUPT 
STA /-1 
TAM T8LC /LEVEL COUNTER 
NCA TELC /RESTORE LEVEL COUNTFR 
TAN TBLC /LFVEL COUNTER 

SMA CLA /JRESTORE AC FTC 
JMP T8DIS2 /CHECK INPUT AGAIN, ETC, 
TAN TESVLN /LINE NUMRER 

TTSL +1 /SFT LINF REGISTER. CLR AC 
TAN T8SVLK /PICK UP LINK 
CLL RAL /RESTORE LINK 
TAN TBSA JRFSTORE ACCUMULATOR 
TON 7SENARLE INTERRUPT
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3100 

311 

31°? 

3173 
314 

3105 

3176 

3197 

3119 

3111 

3112 

3113 

3114 

3115 

3116 

3117 

310 

3171 

31?? 

3173 

3174 
3175 

31°76 

3127 
3129 

3131 

312 

3133 

3134 
3135 
S126 
31%7 
3149 
3144 
3142 
3143 

3144 
4145 
3146 
3147 
5150 

3151 

3152 
F183 
3154 
3155 
3156 
3157 
Z1AD 

5737 
7112 
2415 
4414 
3415 
1014 
1346 
2914 
2414 
1347 
2414 
2126 
2144 
R227 
1127 
ZA15 
113¢ 
3144 
5237 
1540 
7449 
5330 
5404 
5232 
4405 
3527 
3349 
5222 

7777 
AAA 

AAA 

AAAYP 

AAAA 

3377 

AAG 

ANA 

77790 

340K 

7776 

PABA 

AAAA 

APAAA 

C370 

13714 

1141 

3372 

177? 

7649 

5751 

T8COM6, 

T8COM7, 

TECOMA, 

IMP 7 T8SVA /RFTURN TO MAIN PROGRAM 
CLI RTR /RFMOVE START CODE 
NCA T #4 TRAX2 JSTORE CHARACTER 

TTRL /REAN |INE NUMRER 
NCA 1 4 TBAX? /STORE LINE NUMBER 

TAN 2 T8BAX1 ZPTCK UP ANDRESS POINTER 
TAN T8K5 /-? 
NCA 2 TRAX JRFSFT POINTER 
NCA T #4 TRAX4 J2ZFRN STATUS AND COUNTFR WORD 

TAN T8K6 ZWORD TO RESTORE ASSFMRLY WORD 
NCA T 4 TRAXK4 YRFSET CHARACTER ASSFMBLY WORD 

ISZ 7 TEIMNFL JSFT INPUT READY FLAG 
TS%# 4 TS&CNTS JHAS END OF RUFFFR RFEN REACHED 

JIMP T&8COM3 SUPDATE RFGISTERS 

TAN # T8RFK /TRIRF-1 
NcaA #% T8AX? SREFSET INPUT RUFFER aDDRFESS 
TAN TBNL /LFNGTH OF BUFFER, NUMRER OF LINES 

PCA # TEENTS /JRFSET LFNGTH COUNTER 
JMP T&RCOMZ sUPDATE RFGISTERS 
TAN T 4 TROTK? /PITCK UP DOURLE=}jRUFFFRED WORD 
SHA /NOTHING TO SEND 

JMP .+3 JSEND NEW WORD 

TTINGR /INCREMENT LINF REGISTER 
JIMP TACOM4L /SCONTINUE FOR [NPUT 
TTO+1 JINCR, LINE REGISTER AND OUTPUT 
NCA [T # TBOUTK /STORE WORD 
NCA JZ TROTK? JA#ERO 22ND WORD 
JMP T8COM1 /CONTINUE FOR [NPUT 

JCONSTANTS 

T8LC, 
TESA, 
TESVLK, 

TESVA, 

TESVLN, 

T8K1, 
TAMNG, 

T8K2, 

T8KS, 

T8K5, 

TBK6, 

TBK9, 

(A 

-1A 

TSEINe14 

-2 
PAAA 

a 

JPSEUDN OPERATIONS 

/SKITP TE DUTPUT IS FREE AND TRANSMIT CHARACTER AT TTCHAR 

OTHERWISE DONT SKIP 
JLINE KitJMRER MUST PE 

T8SOUT 

T8K1P 
T8SL 
~? TBKS36 
TAWA 

TBSOF=HIJMS J] # 

TEOUTS, (A 

AND 

TAN 

TAN 

DCA 
TAD T T8WA 

SZ#A CLA 

JMP JT TBNUTS 

/INTERRUPT LEVEL COUNTER 
/SAVE ACCUMULATOR 
JSAVE LINK 
/SAVF PROGRAM COUNTER 

/SAVE LINE NUMBER 
/START OF TTI SERIES 
/MINOR LOOP COUNTER, NO OF LINES/8 
/LINF NUMRER 
7/T1 RESET MAJOR LOOP COUNTER 

/TO RESET INPUT LINE POINTER 
FOR SUBTTACTION 
/T9 RESET 8-RIT ASSEMBLY WORD 

JSTARTING LINE =-1 

24US MIN, 42US MAX, 

/177 
/-STARTING LINE NO, 
/OUTPUT RUFFER ADDR 
JWORK AREA 

/OUTPUT CHARACTER 

IF FREE



31641 

3162 

S1FS 

31644 

4145 

31AG 

3147 

37 70 

4174 
4172 

3173 

3174 

ZPD 

5214 
3297? 

SPU S 

42°74 

425 

52°76 

3°77 

5210 
3°11 

371? 

P13 

5°14 

3715 

5°16 

3217 

522A 
SP P11 

422? 

5397S 

BPP 4 

32725 

3AP6 

3?2?7 

2230 

B24 

3232 

32%3 

BPS4 

3735 

3 27%6 
S247 

B37 49 

1177 
A373 

1374 

71A4 

3772 

23514. 

S751 

7177 

AAA 

CAPD 

377 

1470 

VAG 

ABN? 

7248 

1126 

7510 

52? 1 

41 ?6 

22275 

R215 

1130 

3228 

1127 

2016 

1416 

2177 

1416 
PORA 

AAAL 

S6AaG 

AACA 

AAA 

324 
%130 
1130 
A322 
7649 

1323 
1132 
A324 
7041 
2130 
1130 
3144 

TAN 

ANY 

TAN 

CLL 
ACA 

1SZ 
JmMP 

TEKIA, 

TEBSL, 

TBMA, 

T8K11, 

7 TTCHAR 

TRK 4 4 

T&KI? 

RA 

J TBWA 
TRAUTS 

T T8NUTS 

177 
a 

—~ 

377 

14°94 
eTTSRGNE2 4A 
“SK TP 

/JCHAR AT TTCHAR 
JOTHFRWISE AN NOT SKIP, 15 US MIN, 48 US MAX, 
“TF READY 
TASTR=UMS T # TS8SIN 
TBINS, a 

LOF 
CLA MMA /SFT AC TO -1 FOR TAD 
TAD 2 TSRINEL JINPUT FLAG COUNTER 
SPA S/SOMETHING AVATLABLE 

JMP T3TNON /EXIT 
Nca 2 TAINFL JRESTORE FLAG COUNTER 
1S% T&CNT4 JEND OF RUFFFR? STARTS AT 
IMP +5 /GET CHARACTER 
TAN # TONLE /-NUMBER OF LINES 
NCA TACNT4 JRESET COUNTFR 
TAN 2 TSREK /JRUFFER ADDRESS-1 
NCA #F TBAXS JRESET ANDRESS 
TAD 7 # TRAX JPICK UP CKARATER 
McA # TTCHAR JSTORE CHARACTER 
TAD T 2% THAXR /PICK UP LINF NUMBFR 
1S% TAINS /INDEX EXIT 

TBINON, TON 
JMP 7 TBINS JEXIT 

TECNT4, l /~NO OF LINES 
JIMITITALT#ZATION 

JENTFR WITH NUMRER OF LINES 

TBINIT 

1ST LINE NO, 

JFORMAT 

/ 

TSINTT=UMS I Z 
T8ELOS, 

AND 

ACA 

TAN 

ANN 

SZA 

TAN 

TAN 

ANN 

CIA 

NCA 

TAN 

NCA 

TRGO 

A 

TAK14 

Z TBNL 

7 T&NL 

TAKS 

CLA 

T8K16 

7 TANL 

TAKL7 

7 T8BNL 

7 TBNL 

% TSECNT3 

/PICK UP CHARACTER 

/CREATE 
JSTORE CHAPACTFR 

/8 8B TTS ONLY 
144% FOR STOP CONE 
START CONE 

SINDEX EXIT 
JEXIT 

/STORE NUMRER 

JFOR 

IN TARLE 

LINE NUMBER 
7-STARTING LINE NUMBER 
ZWORK AREA 
/FOR ETGHT BIT CODE 
7FOR STOP CODE 

IN AC 

1377 
OF LINES 

/NUMRER QF LINFS 
/7 

/MULTIPLF OF 8? 

(14a 
/JNUMRER OF LINFS 

379 

IF CHARACTER AVAILABLE AND RFTURN WITH LINE NO. 

Digital-8-35-S-B 
Page || 

IN AC 

37.5US NORMAL 

-N=4 

/-TWO'S COMP NUMRER OF LINES 

/-N, 

Jo-N 

CONSTANT 

/INPUT COUNTFR
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3244 
3242 
3245 

B44 

B45 

5746 

3°47 
3?5A 

5K 

3°52 

3575S 
B54 

7°55 
B?56 

~257 

B?AA 
4261 

3?6? 

57AS 

BPAG 

BAS 

3766 
3°47 

JZOTA 
3271 

4272? 

3°75 

4°74 

5275 

3°76 

3°77 

ZO 

CAILet 
532 

3°23 
S54 
ZeAH 

3376 
B27 

P3168 
33114 

F412 
34138 
5414 

3315 

3516 

3317 
Zon 

4571 

3429? 

3823 
3374 
3ZaP5 

343?6 

3527 

1376 
4ai4 

1327 

3015 

1343 
%A16 

1130 

2228 
1330 
4414 

4444 

1331 
24144 
3415 

5416 
2278 
5251 
1332 

3414 
1130 

7012 
7012 
29383 

1334 

3735 

7248 

3223 

11°?7 
3415 
13546 
3142 
1337 

3914 

14131 

2147 

1141 
31494 

TOGA 

1674 

Z7AQ 
1749 

TA4D 
2741 

3176 

7248 
4742 
2274 

5674 

7377 

ANAT 

AAA 

4379 

TAL 
4376 

4577 

TAN TRK2A /TBIN-1 

NcaA #F TBAX1 /T9 STORF TTY TARLFE 

TAN TSK? 4 /TRBORF-1 

NCA % TRAX? /T0 CLEAR QUTPUT AREA 

TAN T8K37 /TBORFP-14 

NCA F TRAKS /TO CLEAR NOURBLE BUFFER 

TAQ F TANL J=-N 

NCA T3CNT4 /FOR COUNTING 

T8CO?, TAM TAK22 /TTI+INCR 

NCA I #4 TRAX4 /STORE TTI 

NCA T 4 TRAX JZFRO STATUS AND COUNTFR WORD 

TAN TA@K23 JASSFMRLY RESET WORD 

NCA 1 # T&AX1 /JRESET ASSEMRLY WORD 

Neca | 4 TRAX? JAF RO QUTPUT WORD 

NcaA [| 4 TRAX /CLEAR DOURLE RUFFFR 

IS% TSCNT4 /COUNTER 

IMP T8G0? JDO NEXT LINE 

TAM TSK?4 JIMP J #2 T8K8 

NCA T # TRAX4. /STORE FINAL JUMP 
TAN 4 TANL Jaw 

RTR /DIVIDE RY 4 

RAR /DIVIDE RY 8 

AND TBK25 /17 

TAN TSK24 /776%, MAKF NUMBER NEGATIVE 

NCA T TRK?7 /TRMNC 

STA Jm-4 
NCA TRANT4 /SFT COUNTER TO SKIP 24ST TIME 

TAN #4 T8RF«K /TRIRFA$1 
NcaA 4% TRAX? /SET JIMNPUT BUFFER POINTER 
TAY TRKOQR /-19 

NCA 2 TACNTYL /MAJOR LOOP COUNTER 

TAN TRK32 /TBINe1 

Nea F TRAXxt /SFET TTI] POINTER 

TAN F T8K7 /TRORF 

NcA % TROUTK /1ST OUTPUT RUFFFR POINTER 

TAN # TBKSA /TRORF 2? 

nca 4 TaROTK? /OND OUTPUT RUFFEFR POINTER 

STA f/-1 

TAN 1 TBECOS /STARTING LINE NO. 

Neca 1 TRK3% J/TRKO, STARTING LINE NO, -1 

TAD T TRKS3 /TBKY 
CMA /MAKE NEGATIVE 

Ncs | T8K34 /TRSL, -STARTING LINE NO. 

NCA 4% TBINFL /CLEAR INPUT FLAG COUNTER 

STA /-1 

NcaA T T8KS5 /TSLC, RESET INTERRUPT LEVEL COUNTER 

1S% TSGUS JINDEX EXIT 

JvP JT T8GOS JEXITT 

/CONSTANTS 

T38K14, 377 /FOR LINE NUMBER 

TBK15, 7 /FOR EVEN MULTIPLE OF 8 

TRKIA, 1A /FOR EVEN MULTIPLE OF 8 

T8K17, 374 /FGOR EVEN MULTIPLE OF @ 

TAK1B, | /FOR COMPLFMFENTING 

T8K2%, TBIN-1 JFOR STORING TTI'S 
TB8K?71, TSR ORF =-1 /FOR OUTPUT AREA



335A 
3331 
3332 

3323 
33324 

3335 

332%6 

3337 
4340 

54d 
3542 

3448 

3444 

3%45 
43464 

34547 

45562 

33* 4 
5352 
3353 

5354 

A4A3 
PAAA 
5532 
AB? 
7766 
3142 
777@ 
34A8 
3150 

3171 
3134 
4777 

ABAA 

4534 

5351 

2344 
5744 
2377 

3744 

2344 

5744 

T8K2?, 
TAK23, 
T8K 24, 

T8K25, 

T8K26, 
T8K27, 
T8K28, 
T8K3A, 

T8K33, 
T8K 34, 
TB8K35, 
T8K 37, 

TTS +1 

CVAD 

IMP [— # T8KB 

17 

774Q 
TBUNG 

-1" 
TBEIN+1 

TEKY. 

T8SL 

TELC 

TB8ONRFOQ-1 

/TTI 

Digi tal-8-35-S-B 
Page 13 

+ [INCREMENT 
JASSEMRLY RESET WORD 
/FOR 
/FOR 
JFOR 
JFOR 
/FOR 
/FOR 
/FOR 

FINAL JUMP 
-N/B 

MAKING NEGATIVE 
-Ni/8 

MAJOR LOOP COUNTER 
TTI POINTER 

STARTING LINE=1 
/-STARTING LINE NO, 
/FOR INTFRRUPT LFVEL COUNTFR 

/FOR DOURLE RUFFFR 
/SKIP TF CHARACTTFR AVAILABLE FROM FITHER OF TWO TYPES OF LINES 
JOTHFRNISE DO 

/JIF READY 
T8SIFSIMS T 4 T8TES 
T8SE, A 

TAISTR 

JMP +3 
IS% T&SF 

JMP T TRSE 

TS5STR 

JMP 7 TBRSE 

I1S% TBSE 
JMP 7 T&SE 

PAI'SF 

NOT SKIP, S1,5US MIN, 74,5US MAX, 6AUS NORMAL 

/CHECK 8-BIT CODF 
/CHECK 5-BIT CODE 

JINDFX EXIT 

JEXIT 
/CHECK 5-BIT CODE 
EXIT 

JIMDEX EXIT 
JEXIT
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lH. DIAGRAMS 

11.1 Flow Charts 

T8GOS 

CLR AC TO LAST 
8 BITS 

Y 
STORE AC 

IN: TENL 

NO 
OF LINE 

AN EVEN MULT 
OF 8 

? 

NO 

YES 

LOAD 8 INTO 
AC 

INITIALIZATION 
(AC) = NUMBER OF LINES 
ENTRY 

CLEAR AC 

(AC) + (TBNL) CLR 
AC BITS 9,10,11 7 

2'S COMPL (AC) 
STORE IN T8NL 

Y 

(TENL)=2'S COMPL. OF THE 
NO. OF LINES TO THE NEXT 
MULTIPLE OF 8. 

LOAD EXIT JUMP 
INTO TTI TABLE 

DCA Ax! 
DCA! AX2 

(T8NL) TO . 
T8CNT3 TECNT3= INPUT COUNTER 

y AX1= TT! TABLE 
LOAD INDEX AX2= OUTPUT AREA 
REGISTERS AX3= DOUBLE BUFFER 

CNT4 = NO. OF LINES 

T8GO2 

LOAD AC WITH 
TTINCR ANO 
TTI INSTR. 

OCA AX! 
OCA! AX2 LOAD AC 

SET INCR ANO WITH 2000 
TT! INTO TTI 

TABLE 

OCA! AX3 
SET TTI + 2 

CLR BUFFERS 
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INITIALIZATION 

(AC)=NUMBER OF LINES 

(TEMNC)= # LINES /8 
DIVIOE NUMBER 
OF LINES BY 8 

Y 
MAKE NEGATIVE 
STORE iN T8MNC 

Y 
SET T8CNT4 
TO ALL 1'S 

y (AX2) ® TSIBF -1 SET INPUT 
BUFFER POINTER 

Y TSCNT1 MAJOR LOOP SET T8CNTI COUNTER = -8 TO -8 

Y (AX1) = TBIN +1 SET TTI 
POINTER 

¥ r K) = STEP EXIT SET OUTPUT (T8OUT ): T6OBF ADDRESS PAST BUFFER POINTERS | (T8OTK2) = T8OBF2 STARTING LINE NO. 

STARTING LINE COMPLEMENT RESET INTERRUPT NO -1=(T8K9) STARTING LINE NO-t LEVEL COUNTER 
(T8K9) = STARTING LINE (TBSL) = COMPL. OF (TELC) = ALL 1's 

STARTING LINE -1 

OUTPUT 
SKIP IF OUTPUT IS FREE AND 

T8OUTS TRANSMIT CHARACTER AT TTCHAR 

CLEAR AC TO 
LINE NUMBER 

Y 
SUBTRACT STARTING 

LINE NUMBER 

Y 
ADD OUTPUT 

BUFFER STARTING 
ADORESS 

Y 
LOAD AC WITH 
CONTENTS OF 
2NO BUFFER 

YES 

PICK UP 
CHARACTER 

Y 
INSERT START STORE IN INCREMENT AND STOP CODES OUTPUT BUFFER EXIT FOR SKIP 
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INPUT 
T8iINS SKIP IF INPUT IS AVAILABLE 

PUT CHARACTER IN TTCHAR AND 
LINE NUMBER IN AC 

GET INPUT 
FLAG COUNTER 

INPUT. 
AVAILABLE 

? 

YES 

INFL-1 TO INFL 

END 
OF BUFFER NO 

ISZ TECNT4 
? 

RESET T8CNT4 
AND T8AX3 

SET CHAR INTO 
TTCHAR LINE NO 

INTO AC 

Y 
INCREMENT 

EXIT FOR SKIP 

CHECK INPUT ON EITHER LINE 
SKIP ON INPUT WITH CHARACTER 
IN TTCHAR AND AC =LINE NUMBER 

ENTER } T87SE EXIT 

NO 

8- BIT §-BIT 
LINES HAVE NO LINES HAVE 

INPUT INPUT 
? ? 

YES YES 

INCREMENT 
EXIT ADDRESS 



T8DIS 

3.0usec 

1ST 

ENTRANCE BY 
CLOCK INTERRUPT 

Digital-8-35-S-B 
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LEVEL 
INTERRUPT eND LEVEL 
(SZ TBLC) % SAVE AC 3.0 

2 SAVE LINK 45 
SAVE | ADDRESS 60 
SAVE LINE # 45 

. 180183 Ci OCK ON 15 
SAVE AC AL 19.5 yu sec 

INTERRUPT ADDRESS CLR CLOCK 
LINE NUMBER ION 

AND CLEAR CLOCK %% ION 15 
SET LINE 45 
UMP TBIN 3.0 

7 TBDIS2 
SET LINE *% % % ZEROS SECOND BUFFER 

REGISTER TO ADDS 4.5 
STARTING LINE 

—1 (ION) 
MMMM = «1~5 

i 30 
30 

/ TBIN \ 60 

TEST INPUT + 
LINES 

TBCOM 
6.0 SET MINOR (T8CNT2)= #LINES /8 

LOOP COUNTER 

45 SET LINE 
REGISTER = (T@LN) 

[ T8COMO 6.0  T8COMB “| 

6.0 ANYTHING 15 ANYTHING | 
TO TRANSMIT 2 SO IN SECOND NO INCREMENT LINE 
(TAD | T8OUTK) BUFFER REGISTER | 

(SNA) ? 

TRANSMIT x wee | YES | 

15 INCREMENT SKIP CLA 
LINE REGISTER 
AND OUTPUT 

T8COM1 | 

waverevs T8COM3 

nN T CLA CHECKED AN INPU H 4.5 SAVE REST CHARACTER BEEN TeorKe 178 OF LINES OF CHARACTER T8OTK2 +1 ASSEMBLED ? 75 i AX1+2 

34.5 sec NO INPUT/PARTIAL OUTPUT LEFT 43.0 sec NO INPUT/NO NEW OUTPUT | 
47.5 sec NO INPUT/NEW OUTPUT CHARACTER ADD 39.5 FOR EACH COMPLETE INPUT
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x 
T8D!S2 

12. 

T8COM4 

SAVE LINE 
NUMBER 

LAST 
1/8 OF LINES 
PROCESSED 

? 

RESET MAJOR 
LOOP COUNTER 

RESET INPUT 
LINE POINTER 

v 
RESET LINE 
NUMBER 

Y 
RESET OUTPUT 

POINTERS 

\OF 

T8COM5 ' 

Y 
INTERRUPT LEVEL 

COUNTER -1 

5 

YES 

ANY MORE 
INTERRUPT 
LEVELS TO 
PROCESS 

45 

3.0 

6.0 

(TECNT1)=—-8 

6.0 

(T8AX1) = TBIN +1 

6.0 

(T8LN) = STARTING LINE # -1 

(TB8OUTK)= T8OBF 
(T8OTK2) = T8OBF2 

NO 

ION 

RESTORE LINK 
-AC AND 

LINE REGISTER 

REFERENCES (Not Applicable) 

4.5 LINE # 

4.5 LINK 

3.0 AC 

T8COM6 

REMOVE START 
CODE FROM 
CHARACTER 

Y 
STORE INPUT 
CHARACTER IN 
INPUT BUFFER 

Y 
READ LINE 

NUMBER AND 
STORE IT IN 
INPUT BUFFER 

T8AX1 -2 
= T8AX!1 

Y 
ZERO STATUS AND 
COUNTER AND 
RESET CHAR 
ASSEM WORD 

Y 
SET INPUT 
READY FLAG 

IS_ INPUT 
BUFFER FULL 

? 

RESET INPUT 
BUFFER INDEXES 

4.5 

6.0 

9.0 

4.5 

7.5 

3.0 


