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The 680 Data Communication System S-Bit Character Assembly Subroutines concentrate 
Teletype data by assembling serial-bit data into S-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 TTl 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-S memory. The total amount of mem­
ory used including the autoindex registers and the locations in page 0 is as follows: 

422S + 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-S-35-S-A 
6S0 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. 

3.3 Equipment 

Minimum configuration PDP-S 
6S0 Data Communication System hardware 

3.4 Mi sce Ilaneous 

3.4.1 The tag TTSBGN 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-S memory page. 

3.4.2 Three autoindex registers called TSAX1, TSAX2, and TSAX3 must be defined. 

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

3.4.4 The tag TSOBF 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 TSOBF2 must be defined as an area equal in length to T80BF. It is used for double-
buffering the output characters to allow maximum output rate. 

3.4.6 The tag TSIBF 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 T81N must be defined as the start of the area used by the subroutines for generating 
the appropriate number of TTl 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 

3.4.9 

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

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

T8S KP 
SKP 
J,'V\P T8DIS 

/SKIP ON CLOCK FLAG 
/TES T FOR NEX T I NTERRUPT CAUSE 
/JUMP TO APPROPRIATE CLOCK INTERRUPT 
/ROUTINE 

8c:ause of the speed necessary for Teletype hand ling, the checks for clock interrupts shou Id be the first 
ones in the interrupt service interrogation loop; the link bit and accumulator contents should not be saved 
pr'!')r to interrogation of the appropriate clock flag. If necessary for other interrupts, the link and accu­
~ulator contents should be saved only after all clock interrupts have been checked. 

3.4.10 Clock lOT's 

The lOT'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: 

fv;,nemonic Clock 1 Clock 2 Clock 3 Clock 4 

T8SKP 6421 6431 6441 6451 
TT80N 6424 6434 6444 6454 
TT80FF 6422 6432 6442 6452 

4. USAGE 

4.2 Calling Sequence 

The pseudo command T81NIT must be executed before the instruction TT80N and also before 
either of the other pseudo commands T8S0F or T8SIR is executed. (See Section 4.4.1, 4.4.2 and 4.4.3 
for definitions of the pseudo commands.) 

4.3 

4.4 

Switch Settings 

None 

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 by 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 accumulatcr 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 poi nters, and generates the proper number of TTl i nstruc ti ons . 

4.4.2 Skip if Output Free (T8S0F) 

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 flsec minimum time, 
and 42 flsec 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 flsec are used by the pseudo instructions; if a character is 
available, 37.5 flsec are used; and if the end of the storage area is reached, a maximum of 48 flsec 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 flsec 
are used; if a character is available, 60 flsec are used; if the end of a buffer area is found, a maximum of 
70.5 flsec 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 easi Iy be changed to reference the correct set of subroutines. 

5. 

5.1 

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. 

RESTRICTIONS 

Status Active Registers 

The autoindex registers defined as T8AX 1, 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 
ha~dling is necessary before transmission (possibly to a larger computer), present estimates indicate the 
USN cannothandle1288-bitlinesatllObaud. 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 d~sc:ribed 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 (Digital-8-35-S-A) be included with the user's programs. 

6.2 

6.2.1 
program: 

6.2.2 

6.2.3 

7. 

7.1 

Examples and/or App I i cati ons 

To initialize the subroutines, coding simi lor to the following should appear in the user's 

TAD 
T81NIT 
SLN 
ION 
TT80N 

NUMLIN /GET NUMBER OF LI\,~ES 
/INITIALIZE SUBROUTINES 
/STARTING LINE NUMBER 
/ENABLE INTERRUPTS 
/TURN ON CLOCK 

NOTE: Following these lines of coding it is necessary that the user wait 8 clock 
interrupts before using the pseudo-instruction T8S0F. Otherwise, the first 
character transmi tted wi II be erroneous. 

To output a character, ::ding similar to the following should appear: 

TAD 
DCA 
TAD 
T8S0F 

JMP 
CONTINUE 

CHARAC 
TTCHAR 
LINE NO 

OUTNA 

/GET OUTPUT CHARACTER 
/FOR OUTPUT SUBROUTINE 
/GET LINE NUMBER 
/OUTPUT, SKIP IF FREE 

/OUTPUT NOT FREE 
/CHARACTER ACCEPTED f CONTINUE 

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

T8SIR 
JMP 
DCA 
TAD 
AND 

METHODS 

Discussion 

. -1 
SAVLlN 
TTCHAR 
THREE7 

/CHECK FOR INPUT 
/WAIT FOR A CHARACTER 
/SAVE LINE NUMBER 
/GET CHARACTER INPUl 
/377, CLEAR STOP BIT 
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The 8-bit Character Assembly Interrupt Subroutine executes a TTl 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. If a fully assembled character is found, 
the program stores the character and line number in the input buffer, zeros the TTl status word, and sets 
the TTl character assembly word to 2000. Note that bit 1 of the character assembly word is initially set 
to a 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 to a 1 by a RTR, the character is fully assembled. 

7.1.2 Output Character Handling 

Initially, the pseudo operation T8S0F adds start and stop bits to the output characters and 
places them in the second output buffer (T80BF2). Eventually, the interrupt subroutine transfers the char­
acters from the second output buffer to the first output buffer (T80BF). One eighth of the lines are scanned 
for output every clock interrupt. That is, for anyone 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 T80BF 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 rema in i ng bi ts in the first output buffer, and zeros the second output buffer. 

8. 

8.1 

8.1. 1 

8.1.2 

8.3 

8.3.1 

8.3.2 

9. 

9.1 

9.2 

9.3 

FORMAT 

Input Data (T8SIR) 

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

Accumulator contains line number. 

The lower ei ght bits of the register TTCHAR contain the input character. 

Output Data (T8S0F) 

The user presents the pseudo operation T8S0F with output characters in the following format: 

The lower ei ght bits of register TTCHAR contain the output character. 

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

EXECUTION TIME 

Minimum 

Maximum 

Average 

The tab Ie be low i ndi cates the percentages of machi ne time used for 110 baud 8-bi t systems 
and is as accurate as is presently possib Ie. Any addi tiona I features wh i ch may be required for the Teletype 
handling would add appreciably to the times shown: 

TIMING TABLE 
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Numbers indicate the percentage of avai lable machine time used in the average case. 

No. of Lines 

9.4 Timing Equations 

32 

64 

96 

128 

8-Bit 110 Baud 

34.1 % 

57.7 % 

81.3 % 

104.9 % 

Where n = the number of lines, the 8-bit subroutines require an average time of 
8. 38n .... 119.5 fJsec. C lock flags (at 110 baud) occur every 1135 fJsec . 

10. 

10.3 

10.3.1 

10.3.2 

PROGRAM 

List of Items and Pseudo Commands 

Li st of I terns 

TT8BGN 

T8AX1 
T8AX2 
T8AX3 
TT8PGO 

T80BF 
T80BF2 

T81BF 
T81N 
TTCHAR 

List of Pseudo Command 

Command 

T81NIT Initialize 

T8S0F Skip if output free 

T8SIR Skip if input ready 

T8SIE Skip if either input ready 

/BEGINNING OF SUBROUTINE. MUST BE 
/EQUATED TO START OF A PAGE. (AREA 
/INCLUDES TWO PAGES). 
/ AUTOINDEX RE GISTER. 
/ AUTOI NDEX RE GIS TER • 
/AUTOINDEX REGISTER. 
/START OF CONSTANT AREA IN PAGE O. 
/(LENGTH 178 REGISTERS.) 
/START OF OUTPUT BUFFER. (LENGTH = n.) 
/START OF SECOND OUTPUT BUFFER. 
/(LENGTH = n.) 
/START OF INPUT BUFFER. (LENGTH = 2n.) 
/START OF TTl AREA. (LENGTH = 3n+l.) 
/CHARACTER AREA PAGE O. (SINGLE REGISTER.) 

Times (users) 
Minimum Average Maximum 

24 42 

15 37.5 48 

37.5 60.0 70.5 
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10.4 Program Listing 

~ARRFT 0264 1UTR 01446 
'LPFLG ~1(i11 IETCOI) 01135 
~OnES ~126 iPf'l I NR 0112 
lEI A Y 0641 WPTST 1110.016 
=-Nncno OIU7 ,EVEf\: (.'1651 
=-IVF 1052 ,K T PS 01052 
TNPTS 0073 ;PACF (11134 
<Cr:L T1 M02 -iTI onp (11225 
<Cr:LT2 64?2 ;WTTrH 016(110 
<:crL 13 6442 ;WIOOP 0616 
<;Cr.LT4 6462 ;WnUTR 0631 
<;crLT5 6112 ;WSKTP 0636 
<NOW 111""41 ·CFL T1 6412 
{RPL T1 6406 ·CFL T2 6432 
<RPLT2 64::>6 ·CFL T3 645;:? 
<RPL 13 I'l4 4 6 ·CFLT4 6472 
~RPLT4 6466 ·CFLT5 61?;> 
<RPLT5 6116 ·L SL T1 6416 
<RSL T1 6404 ·LSLT2 6436 
<RSLT2 I'l4 2 4 ·L C:;L 13 6456 
<RSLT3 I'l4 4 4 ·LSLT4 6476 
(RSLT4 6464 ·L SL T5 6126 
'RC:;LT5 6:l.1 4 ·prL T1 6414 
:SFL T1 f>4V'11 ·prL T2 6434 
'SFLT2 64;:>1 ·prL 13 M54 
<SFLT3 6441 ·Pr.L T 4 M 74 
cSFLT4 6461 ·prL T 5 61?4 
(SFLT5 6111 ·SFL T1 6411 
'1 (II 01017 ·SFL T2 6431 
I) "'110 ·SFL T 3 6451 

:6 "'111 ·SFLT4 6471 
(6<1 0652 ·SFL T5 6121 
I FraDE (11136 ,A TT' 01241 
.NFEEO "'3fi'16 HO 1710?V1 
.Pf'lINR 1I1!i'l46 Hf'lIS 0fil?7 
JAr. T fil12'5 JHf'lRU 10~0 
JArTV 026111 IHnSTR 0104'5 
-JOn 01050 ,HWAIT 1fil22 
-JOF'X1 0051 JRlJcno 10151 
~RLJPT 171253 JRIILOP HH'l4 
1UTALL (71200 
WTCDS fil323 
1UT IN 04""0 
)UTPTS fil065 
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'1?6 rl00~ 

11?7 4177 
11 ~0 r.I(il(il(il 

,Dl 460C'1 
"1 ~2 ~1i'!21 

"1 ~3 'H~1 

"1!i 4 ~201C11 

',1 <~ ~2?4 

:P:6 3344 
'1~7 460!0 
'14 Ol 1'i00011 
, 141 <;91(.'01 
142 777fl, 

1143 \~ 017' Ii'! 
1144 ~001Vl 

''117'1i'! 2334 
:,tIIl7'l r:.216 
'(1Ir? ~335 
'v"(~3 70:11;'1 
'0(74 :'>336 
'0171'5 101710 
" ,/'I V' fJ ~337 
; ~ Ii" 7 1,414 
': 010 ~34~ 

" 011 A4~4 

,911 2 1',001 
Hi113 135C'1 

18RIT CHARACTER ASSEMBLY SUBROUTINFS 
ITYPF A8~ TELETYPE LINE MULTIPLEXER 
ILMH 7-R-65. A BIT 

TT!'<Br;N=391111V'1 
TT8Pr;CII=1?6 
TsnBF=4601(-J 
TAIBF=4?'('IiI! 
T80BF2=5(~Wl! 

TAr.X1 =14 
T8AX2=15 
T8AX3=1fJ 
TTCHAR=177 
T8IN=3~77 

TTT=64(112 /TELETYDE INP'JT COMMAND 
TTn=64914 ITELETYPE OUTPUT rOMMANn 
TT~L=6411 ICLEAR LINr REGISTER 
TTPL=6 4 14 IRFAn LI~E RFGISTEP 
TTSL=6 41? ISFT LINF PE~ISTrR. rLR ftC 
TTAON=64~4 ITUR~ CLOCK ON 
TTROFF=643? ITURN CLOrK orF 
T8SKP=64~1 ISKIP G~ r:LnCK FLAG 
TTINrR=64~1 IINCRFMrNT LINE RFGISTER 

l',TT8PGr.~ 

T8Ii\jFL. r,~ IINPUT READY FLAG 
T8PFK. T8Tpr-i ITO RFSFT I NPIJT RUFFER POYNTER 
T 8~:L. 91 I-NUMPER OF LINrs 
T8K7. T 8r'RF IK FOR 1ST 0UTPUT BUFrER 
T81<8. THroM ITO E~'TFR cnM'~ON ROUTINF 
TASQUT. TAf1UTS ISKIP IF (iUTpIIT FREF 
T8SIN, HI I '~c; ISKIP IF INPUT REAOY 
T8r,O. T R r I~<'; /lNITIALrtE RnUT I t\IE 
TRIES, T8S[ ISKIP IF FIH~"R LI Nt READY 
TAnUTK. TRnr.<r IDO I NHP TO FIRST OUTPUT RUFFER 
HnTK2. T ~ "f.< F2 IPOI~TER TO 2 ~!n OUTPUT RUFHR 
T8K,'''. T8"HF? If< FOP 2 ~~ 1 (IUTPllT BUFFF:R 
T8r::-Jrt. -lvl IHOLD MAj(~R Lnop COLJNTER 
Hlr:NP. (~ 1!'-1INOR LOOP CnUNTER 
T 8r:Nn. (" ICOLJNTER FOR TNPUT RUFFER 

*TTRPr;~' 

I M II L TIP L ~- I. F 1/ ELI ~~ TEl) R I I P T R 0 UTI N E 
IAiLO/JC;; Hlil TP'LE L1="VFL INTFRRUPT Tn THIS ROUTINE AND UNLIMlTFD OTHERS 
TAnIS, IS7 T8LC ILFVEL COUNTFR 

,JMP T~nl~3 I?Nn LEVEL INTERRUPT 

T8n1S2. 

nc~ TRSA IS~V' AcrUMULATOR 
RAP IGrT LINK 
nCA TRSVlK ISAVE LINK 
TAD:" CI\ 

nCA TRSVIJl 
TTRL 
nCA TRSVLN r,AVE LINF 
TTRO~,I 

I () 1\1 

TAn TRK9 

/InERRUPT AnDRESS 
IS6VF AOQRESS 
IPIl L II\JE NUMFlER 
NU~1RFR 

ITn CLFAR FLAG ONLY 
I~F-FN~8LEPROGRAM INTERRUPT 
ISTARTING LINE-1 



~(II1 4 n413 
,911'5 "i741 

"~16 '-434 
" (~1 7 '- (II (Ill 
,O::>(11 "i4(i'1(i'j 

;(71::>1 
iVl::>;? 
\ (iI::> 3 
,ill ::>4 
~(7l?'5 

qi'l::>A 
)0/7 
, (JI3V'1 

.; 7' 1 
< (113 2 
• ,113 3 
'034 
'0,35 
,0, 3 (, 
uJ,37 
\ (14 (II 
, 9141 
'(i14 ? 
'1143 
('~ 44 

,,0145 
.~(lI4 (, 

.'Vi47 
!'Il"'(11 
.'W=;1 

:;0"'? 
5!il53 
.?;:)~, 4 

:' VI '" 5 
,-" I'I!I:j 6 
," eJ ~ 7 
:qil f,(il 
;'()If,1 

SeJ f, 2 
3(11A3 
J(i'lf,4 
3C11f,1:j 

301f,6 

'3(11f,7 
3070 
3Vl71 
3072 
3~73 

3~74 

3(1175 

~(n6 

3 (?I 77 

1342 
H43 
1343 
'-413 
1537 
74~Vl 

"'3::>3 
1'-4(115 
'537 
1414 
7110 
74301 
'53(111 
72(111/1 

?i37 
? 14 11 
::>014 
::>(i'l14 
::>143 
"'2?5 

'-414 
3343 
::>142 
"i:?A3 
13 4 4 
31 4 2 
1345 
!i(il14 
13'5(J1 
:'\343 
1131 
3137 
1141 
314"" 
(-,01712 
7240 
1334 
3334 
1334 
771710 
')2'12 
134(11 
(-'413 
1336 
711714 
1335 
'- vlfi'll 
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TTSL+1 15FT LINE REGISTfR. CLFAR AC 
JMP T T8K1 IJUMP TO TTl LOOP 

/21,10 LI="VI="L I ~ITI="RRIJPT 
T8nIS3. TT80~1 

IRFTIJR~i 

T8r:OM. 

T8CQM1. 

T8r:OM3. 

T8rOtv'4. 

T8rOM5. 

101\1 
JMP T ~ V'I 

F Ii n M I ~I PUT TT I L 0 0 P 
TAn T8MNC 
nr.A 7- TRr.NT2 
TAr TBLN 
TTSL+1 
TAl' T 'f T8nUTK 
c:NA 
JMP TBCO M8 15Er IF 
TTn+1 
nr:A T t T80UTK 
TAl' T 7 T8AX1 
r:LL RAR 
C; r L 
JMP T8CO~6 ISTnRF 
r:LA 
TSi' 7- T8nUTK 
IS7- 7 T8DTK'2 
IS7 ~ T8AX1 
TS;Z ;. H!AXl 
IS7- 7- T8r:NT2 
JMP TBCOM0 Ir:HFC~ 

TTqL 
nr.A 
I S7-
.JMP 
TAn 
nCA 
TAn 

TRLN 
~ T8CNT1 
TRCOM'5 IRESET 
T8K2 
7- T8CNT1 
T81<3 

nCA 7- T8t-Xi 
TAn TRK9 
nCA T8LN 
TAn 7- T8K7 
nCh 7- BOUTK 
TAr 7- T8K3A 
r~ C A 7- T 8 fIT K 2 
IOF 
STA 
TAn 
[, C A 
TAn 

T>3LC 
T8LC 
T8LC 

ICLEAR CLOCK FLAG 
IRE-FNABLE pqOGRAM INTFRRUPT 
IRI="TURN TO THE MAIN PROGRAM 

IMINOR COUNTFR. NUMRFR OF LINES/A 
IMINOR LOOP COUNTER 
IL I NF ~!U~BER 

15FT LINF NUM~I="R 
IO'ITPUT \AlQRD 
IsnMFT~ING TO TRANSMIT 

wnpr) AVAILARLF 
I I ~I CR. LIN F REG I S T ERA N D 0 U T PUT 
ISTr:)RE wnRn 
IPICK IJP CHARACTER ASSFMRLY WORD 
IPIJT RIT 11 IN LINK 
IC~ARAr.TFR NOT cnMPLFTFD 

CHARACTER 
IGLEAR AC FOR TAn 
IUPOATI=" OUTPUT ADDR 
IUPDATF 2Nn RUFFER AnORESS 
IUDnATI=" FOR NEXT INPUT LINE 
IUPDATE FOP NEXT INPUT LINE 
IAqE ONE-EIGHTH OF LINFS CHECKED? 

~IE X T LINE 

IRI="AI' LINE NUMBER 
ISAvr LINE NUMRER 
IHhVI=" ALL LINES REEN CHECKED 
nISMISS 
/-10 
IRFSrT MAJOR LOOP COUNTER 
IT ,9 I ~I + 1 
IRFSFT I"JPIJT LINF POINTER 
ISTAPTTNG LINE-l 
IRI="5ET LINF NUMBER 
IT><OPF 
IRFSFT OUTPUT LINE POINTFR 
IT><O~F? 

IR~SFT 2ND BUFFER POINTER 
!TIJR~J OFF INTERRUPT 
/-1 

I L I=" V r L C 0 U I\J T E R 
IRFSTOQE LFVEL COUNTFR 
ILFVI="L COUNTER 

SMA CU 
JMP 
TAl' 

IRESTORE AC FTr. 

TTSL+l 
TAn 
CLL 
TAn 
1 0 ~I 

T8nI S2 ICHFCK INPUT AGAIN, ETc. 
T8SVLN ILINE NUMPER 

ISFT LINF REGISTER. CLR AC 
T8SVLK IPICK UP LINK 
PAL IR~STORE LINK 
T8SA IRFSTORE ACCUMULATOR 

IENA~LF INTERRUPT 
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310V1 "5737 IRFTURN TO MAIN PROGRA~ 
.31"1 7112 TBrO%. 

.J tvi PIT 8 S V r~ 
rLi RTR IRFMovr START CODE 

31C'2 ,415 
3U"3 .,414 
3H4 ~415 
31('5 1 01 4 
3H'6 1346 
3107 <;014 
3110 ~414 

3111 1347 
311 2 "'414 
)113 ;:>1:::>6 
3114 ?144 
311 r:; h,2~7 

~ 1 1 A 11?7 
3117 ~015 

31?Ql 1130 
31?1 ~144 

3122 <;2:'17 
31?3 154V1 
31?4 744r, 
31?5 "3~V1 
31 ?6 1'>4011 
3127 '5232 
31::r, MV1"i 
3Ul ~537 

31n ~34V1 

3U3 "2::2 

31:'4 7777 
31~" r;l IH" V1 
3'136 r~0171i11 

3137 ,:-'000 
314[71 ~-~0ri"01 

3141 ~377 

,51 42 (~VI (7. 0 

3143 o (7IGH'I 
3144 777(?) 
"145 ~4Q10 

3146 7776 
3147 ? 0171 VI 
51" (71 il0(~VI 

31" 1 'A (11 V1 (71 

3 1"i 2 C'37Vl 
31"3 1371 
31"4 1141 
31<;5 ~372 

,1"6 1772 
"31')7 764171 
31f'0 ')7"1 

T8(~OM7. 

T8rOMfl. 

n(;" I t TRAX2 
TTPL 
nCA I 1- T8AX2 
TAn;. T8AX1 
TAn T8K:'> 
!-ICA;Z TI:3fXl 
nCA I 7 TF\AX1 
TAn T8K:6 
r1 CAl 1- T 8 .~ X 1 
I S 1- 1- T 8 I ~JF' L 
IS1- l- TsrNT3 
.1 M P T 8 C O~' 3 I U P nAT F. 
TAn "+ T8PFK 
II(;A ;. T8f,X? 
TAn TRt\!L 
rCA ;z TtlrNT3 
JMP Tgr,OM3 IUPDATE 
TAn I 1: T80TK:? 
S7A 
JMP .+3 
TT I l\jr, P 

1ST ORE CHARACTER 
/RFAD LINE NUMRER 
/STORE LINE NUMBER 
IPICK 11P AnDRESS POINTER 
I-? 
IRrSFT POI!';HR 
12FRO STATUS ANO COUNTFR WORD 
IwnRn TO RESTORE ASSFMRLY WORD 
IRFSFT CHARACTER ASSFM~LY WORD 
ISFT II"PUT RF A.DY FLAr, 
I HAS E f\J 0 OF R lJ F F r R R F pJ REA C H E D 

RFGISTERS 
ITRI8F-l 
IRFSET INPUT RUFFER ADDRFSS 
/LFi\jGTH OF BlJFFER, NUMRER OF LINES 
IRFsn LFNGTH COLINTER 

RFGISTERS 
IPICK UP DOURLE-RUFFFRED WORD 
IN0THING TO SEND 
ISFND NEW WORO 
IINCREMENT LINF REGISTER 

J tv! P T 8 r, 0 ~11 
TTC1+1 

ICO~IT I NUE FIlR INPUT 

nCA I r TBOUTK 
nCA 12 TROTK? 
JMP TBCOn Ir;ONT I NllE 

IcnNST~NTS 

TSLC. -1 
T8SA. 0' 

TSC;VLK. V1 

T8c:V0, 
TS<::Vl f\J. 
T8n. 
T8~'Nr, , 
TFlLN. 
TBK2. 
T Bf<. 3. 
T8K,). 
T8K6. 
T81<9. 

TI3TN 
(,1 

r~ 

-1(~ 

TSTN+l 
-2 

IPSEU~ nPERATInNS 

IINCR. LINE REGISTER AND OUTPUT 
ISTORE WORD 

IHRO 2'-JO WORD 
FOR ItJPUT 

I I ~I T t R R U P T l r VEL CO U N TE R 
ISAVE ACCUMULATOR 
ISAvt LINK 
ISAVF PRC1GRAM COUNTrR 
IS6VE LINE NUMBER 
1ST APT OF TTl SERIES 
IMTNOR LOOP COUNTER. NO OF LINES/S 
ILINF NUMRER 
ITn RESET MAJOR LOOP COUNTER 
ITO RESET INPUT LINE POINTER 
IFnR SUBTTACTION 
ITn RESET 8-RIT ASSEMBLY WORD 
ISTARTTNG LINF-1 

ISKIP TF :)UTPUT IS FREF AND TRANSMIT CHARACHR AT TTCHAR 
/OTHERWISE DONT SKIP 
I L TN,· ~, U tv >< F R M LJ S T PEl r-.I A C • 24 U S ~1 I ~J. 42 U SMA X . 
T8<::OF:.}:'1<:: I 1- TRSQIIT 
TS0UTS. (1 

ANn TSK1~ 1177 
TAn TSSL I-STARTING LINE NO. 
TAn ~ TB~3A IOUTPUT RUFFER ADDR 
nCA T8WA IWORK AREA 

TAn TSWA IOUTPUT r,HAR~CTEP 
SlA rLA ISKlp IF FREE 
JMP I TRnUTS IEXIT 



31f1 1177 
31f2 '~3 73 
., 1 f ~ 1374 
3lf,4 7104 
311'-5 :',7n 
,~l I'- A ?351 
3U7 ,>70.,1 
31 70 r'177 
31 71 " QHi10 
517? r,' V1 (,' 91 
3173 ',377 
,,3174 14 rl'(I1 

,,?v(?, ("0(110 
)'h'l 1',01'12 
-;pr>? 72 4 0 
'5;; r; ~ 1126 
.;? (/4 75H1 
:)('5 <:;2?1 
3 ?r'f, ,,1?6 
'3 ;,;(> 7 ?2(,3 
3 ? 1 ~ "21'5 
3? 1 1 11"1il 
3? 1 ? <:2?3 
3(' 13 11?7 
..j?14 <:9116 
3? 1 ') 1 41 A 
:i ;,; 1 ~ ,,177 
3? 1 7 1416 
3?) PI ;::>2r~0 

:5;::>?1 1',0(,'1 
3?;::>2 t;MH'I 

37;::>3 ',' III CO' (11 

3?;::>4 (' C,j 9i Vl 
3/?5 ("3?1 
32?fJ < 130 
5??7 11,,0 
3?~C'I 1~3;::>2 

3;::>,,1 7640 
3{',,2 1323 
3;:>,,3 11·~ (7! 

.3?"4 ~3?4 

,3?"I) 70 41 
3> ?" 6 ,,130 
3n7 1130 
3?.1 VI ,,144 

TAl' '1 TTrrlAR 
AN" TFlK1j 
T AJl T H I< 1 ? 
ru PAL 
nCA I Ti3~11\ 

lSi TynUTS 
J ''1 PIT ~ n eJT S 

TB K 10, 177 
T a<:;L. (/1 

T 8,' A • fi'I 
T8K11, :'77 
T 8 I< 12 , j 4 ,. 1 
,~ T T 8 p G ~I + ? ,~liI 

;SKIP IF C~APArT~R 
ICHAR AT TTCHAR 

IPICK UP CHARArTFR 
18 8TTS ONLY 
1140(11 FOR STOP COOE 

ICqEATt START ConE 
ISTORE CHAPACTFR IN TARLE 
I I ~I 0 E X E X I T 
I EX I T 

IFnR LINE NUMBER 
I-STARTING LINE NUMBER 
lriORK AREA 
IFOR EIGHT BIT CODE 
IFnR STOP r:OOE 
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AVAILABLE AND RFTURN WITH LINE NO. IN AC 

lOT H F I~ IV I S r: n n ,,/ 0 T SKI p. 1 5 U S tv! IN, 4 P. lJ SMA X. 3 7 • 5 USN 0 R MAL 
/IF READY 
TBS 1'<=J~1C; 
T 8 I NS, 

'1 T BS [~I 
(/, 

IOF 
ilfl r '1 A 
TAl') 7- TRP.JFL 
SP6. 
JI'1P T '31 r~OI'1 
OCA t T8TNFL 
IS,z T q r~.J T 4 
JMP • + t; 

TAn 1" T i'l ~:L 
nCA TAr:\lT4 
T<,\[I 1- T8PFV 
nc~ i- T 8 h X " 
T ,6 fl 1 '1 T~c'X" 
flCA 1: TTnp~ 

TAn 1 7- ThAX" 
ISll T"'INS 

T8jNnroJ. I () :Oi 

JMP 1 TI1TI\jC; 

TsrNT4. (/\ 
I I [,I I T I h L T 7: A T 1 0 \, 
I E ~!T F R WIT,I-I r. IJ M R F R 
IFClRi"I\T 

Isrr AC TO -1 FOR TAn 
I I ~lPUT FLAG COllfIJTER 
ISOMETH I II,IG AVAILABLE 

lEX IT 
IRFSTORE FLH r:OliNTER 
IEI\JD OF PUFF~R? STARTS 
IGET CHARAr:TFR 
l-roJUM8ER OF L I ~!ES 
IR~SET COU".ITFR 
IBUFFER AonRFSS-1 
IRFSET AfiORESS 
IPICK UP C~!ARATEP 

ISTQRE CHAPAr:TFR 
IPICK UP LIN~ 

/It\IO[X 

IEXIT 

OF LINES IN AC 
T8INIT 

~iUt-l8F R 
EXIT 

I 1ST LINE NO. 

TSI ~~ 1 T=J~C; I t TRGO 
T8 r:OC;, (i! 

A :'1 n T.'jK14 1377 
["leA t T I:l ~I L ISTORE NUMRER OF LT NFS 
H,fl '1 T8NL INlJMREP OF LTflJrs 
A ',F1 T ~ '< 1"; 17 
SrA rLA IMIILTIPLF CIF 8? 
TAn J>1K16 11(?' 
TAn '1 TB~IL INIIMRER OF LINFS 
Atom TilK17 1370 
C I" I-TWO'S CaMP NUMREP OF 
nCA 7- T 8~IL 1-"1. CONSTANT 
TAn 1- T 8~iL 1- ~J 

nct. '7 TBCNT3 / I ~JPUT C (1U ~JT F R 

AT -N-1 

LI NES 
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.,32 41 1 3~6 TAn T~K2()1 /TRIN-1 
3?42 ~014 nCA 7- T8AX1 /Tn STORF TTl TARLF 
~243 13::>7 TAn HlK21 /T80RF-l 
~)44 ~015 n r: '\ 7- TrjAX? /Tn CLEAR oUTPUT AREA 
3:'>45 13 43 TA'" Tdi<37 !T80RF?-1 
.,3;)46 :'1016 nCA 7- TRAX? ITI1 eLE AR nOU8LE BUFFER 
:} ?47 11:'1ClJ TA'" 7- T 8~IL I-~I 
.3;;>~ (II <2;::>3 nCA nnJT4 IFOR COUNTING 
..;)~ 1 1 33 V1 T81':0;;>, TAn TAI<2? ITTI+lt\iCR 
.J )~2 '1414 r] C A I f TBAXl 1ST ORE TTl 
.J )1',3 ~414 nCA T 7- TiHX1 nFRO STATlJS AND Cf)UNTF~ WORn 
,,?~4 1331 TAn T8K2,~ IASSFMRLY RESET WORD 
,?1':5 '1414 IJCA T 1: T8AX1 IRrSE'T ASS[MRLY WO~O 
~?~6 :'1415 1Jr.4 1 + TRAX2 IrrRO OUTPUT WORn 
.!>'-!.~7 :~416 nCA 1 ~ THAX~ ICLEAR DOUPLF: RUFFFR 
" ? A (II ?2~3 IS7- TRr.NT4 ICOUNT[R 
3::> I' 1 <;251 .IMP T9r,o~ 100 NEXT LI NF: 
ylf-? 1332 T A 11 Hlf<?4 IJMP I r T8K8 
,~ )A3 ,'1414 nCA I f n4Xl ISTORE FINAL Jlltv1P 
.:~ ?A4 113(71 TAil 7- TB"IL I-N 
,,?A5 7Vl12 RTR 10IVIOF: RY 4 
,3? I' 6 71Z1H'I RAP IOIVIOE RY 8 
~)f,7 A3,~3 A 1\1 r~ T~K2"i 117 
}?7(/1 1334 TAn T9K21) 1776V'J , MAKF NUt·18ER N[GATTVE 
3271 3n5 nCA I TRI<27 ITRMNC 
~n2 724Vl C;T~ 1-1. 
~n3 3223 nr..!I T"rNT4 ISFT COUNTER Tn SKIP 1ST TIME" 
,3)74 1127 TAn 7- TBPF-< /TRIBF-l 
,3?75 3015 nr.A f T8AX') ISO I ~IP U T BUFFER POINTER 
3?76 1336 TA;) TRK2P. 1-1r., 
:J?77 3142 nell + TiH'NTl IMAJOR LOOP COUNTER 
,'P:fJ'1?\ 1337 TAn PI<:3i' /TBIN+t 
3'1f7'1 'Iiil14 nr.A 7- T8AXl ISO TTl POINHR 
3W2 1U1 TA,n f T8K? /TR08F 
3 ~r,>3 :-:P7 nCA '~ THnUTK 11ST OUTPLJT RUFFFR POINTER 
3,S~4 1141 TAn 7- TRK3f, ITRORF2 
J (05 3140. nCll 7- TROTI<2 12~jO OUTPUT RUFFFR POINTFR 
3~r>6 7;)40 C;U /-1 
3H"7 16?4 TAn Tuns /STARTING LI NE NO. 
:} ,~ 1 0 ~740 nell THK:~~ ITRK9, START I Nt; LINE NO. -1 
3~11 17 4 "1 TAn TRK3~ liRK9 
J" ~ 1 2 704(11 r'H IMAKE NUATIVE 
~< 1 :; H41 nct T T8K3 .1 ITRSL, -STARTING LI NE NO. 
~ ~ 1 4 ,31?6 nr;A 7- T81NFL ICLEAR I t\IPUT FLAG rOUNTER 
33 1 5 7240 STA 1-1 
'0316 3742 nell T8K3'? IT~LC, RFSET INTE"RRUPT LEVEL COUNTER 
3,517 ?2~4 IS;Z Trlr;oS 11t\lorX EXIT 
;1"" ?Gl "i6~4 J"1 P T p;r; os IEXIT 

IcnNST ANTS 
3~?1 -r377 T131<14, :'77 IFOR LT NE NU~BER 

:J~,?? ',Vl \117 T8K1'5, 7 IFOR EVHI MULTIPLE OF 8 
3~?3 '~CI!H~ T8K1f-, 1 (}I IFOR EVEN ~ULTIPLE OF 8 
33~4 v37C1! T8fq 7, :,7~ IFrJR EVEN MULTIPLE OF 8 
3~? '5 ,~ (II if 1 H\1<18, 1 IFC1R COMPLFMFNTING 
J~?6 ~376 T8i(?f".I, T8TN-1 IFnR STORIt\IG TT I' S 
351'7 1i577 T 81<';;>1 , Tti'iRF-1 IFnR OUTPUT A RE'A 



35,~(II A4(113 
3'nl ?el0(1! 
.3:n2 'S5~2 

3 ~:~ ~ (:1(7)17 
3~ ~4 7760 
3D5 ~142 
:n~6 7770 
3B7 ~4fi'10 

3~4(il ~15(7) 

~ S41 ~171 

" S 4 2 ~U4 

3~113 4777 

3 S4 4 (lI('l 'il ril 
3,45 4534 
j ~ 4 A 53')1 
3,47 ?344 
3 S '" (JI ')744 
3,"'1 '377 
;~ h? ;;.;744 

35"3 ?344 

""'4 '1744 

T8K~?, TTf+1 ITTI + INCREMENT 
TAK2~, ?00e1 IASSEMRLY RESET WORn 
T8K24, JMP I 7 T8K8 IF OR FINAl JUMP 
T8K2"i, 17 IFOR -NIB 
T8K26, 77A0 IFOR MAKINr. NEr.ATIVE 
T8K27, T8~Nr IFOR -NIB 
T81<28, -i!~ IFOR MAJOR LOOP COUNTER 
T8K30, T8IN+l IFOR TTl POINTFR 
T8K33, T81<Q IFOR STARTING LINE-l 
T81<34, T8SL I-STARTING LINE NO. 
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T81<35, T8LC IFOR INTFRRUPT LFVEL COUNTFR 
T8K37, T81JRF2-1 IFnR Or)URLE RlJFFFR 
ISKIP IF ~HAPA~TFP AVAILAHLE FRO~ FITHER or TWO TYPFS OF LINFS 
lOT H F R" I SED a \10 T S K r P . 31 . "U S ~ I ~I, 7 (i! • 5 U S ".1 A X, 6 pi U S ~I 0 R MAL 
II F READY 
T8SIF=JMS :;. T8TES 
T8SE. ()! 

T8SIR IC!-1ECK 8-BIT COOF 
JMP . +,~ IC!-1ErK 5-8IT COOF 
I S :7 TRS[ /I/lJDFX EX IT 
Ji"1P T T8S~ IEXIT 
T5S!W IC>-lECK 5-81T C:10F 
J~p 1 Ti1SE IEXIT 
IS ;1 BSF II~DFX EXIT 
Y>1P 1 TRSE lEX IT 

PAIISF 
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11. DIAGRAMS 

11. 1 Flow Charts 

INITIALIZATION 
(AC) • NUMBER OF LINES 
ENTRY 

,....-__ .....z. ___ ., (T8NL)' 2'5 COMPL OF THE 
NO. OF LINES TO THE NEXT 

'--__ -,-___ .... MULTIPLE OF 8. 

T8CNT3 • INPUT COUNTER 

,..-__ -1 ___ ., :~~'. 6~T~~~L!REA 
AX3' DOUBLE BUFFER 

'-----,----.... CNT4 • NO OF LINES 

LOAD AC 
WITH 2000 

DCA I AX' 
DCA I AX2 
DCA I AX3 

SET TTl + 2 
CLR BUFFERS 



INITIALIZATION 
(AC)' NUMBER Of LINES 

,-__ --'L-__ ......, (TBMNC)"#LlNES/B 

r--~--'~~--,(TBOUTK)'TBOBF 

(TBK9) • STARTING LINE 

(TBOTK2) • TBOBF2 

COMPLEMENT 
STARTING LINE NO.-1 

(TBSLl • COMPl. OF 
STARTING LINE -I 

OUTPUT 

(TalC) "All I'S 

SKIP IF OUTPUT IS FREE AND 
TRANSMIT CHARACTER AT TTCHAR 

STORE IN 
OUTPUT BUFFER 
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INPUT 
SKIP IF INPUT IS AVAILABLE 
PUT CHARACTER IN TTCHAR AND 
LINE NUMBER IN AC 

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



r 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2ND LEVEL 

(TBCNT2)= #LlNES/B 

I 34.5 sec NO INPUT I PARTIAL OUTPUT LEFT 
47.5 sec NO INPUT INEW OUTPUT CHARACTER 

L 

* SAVE AC 3.0 
SAVE LINK 45 
SAVE I ADDRESS 60 
SAVE liNE 1/1 4.5 
Ci OCK ON 15 

1951' sec 

** ION 15 
SET LINE 4.5 
JMP TBIN 3.0 

* * * ZEROS SECOND BUFFER 
ADDS 4.5 

**** 15 
30 
30 
6.0 

INCREMENT LINE 
REGISTER 

SKIP CLA 

CLA 
TBOUTK + 1 
TBOTK2 + 1 

AX1t2 

43.0 •• c NO INPUT I NO NEW OUTPUT 
ADD 39 5 FOR EACH COMPLETE INPUT 
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-l 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_J 
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TBCOM4 

(TBAXll = TBIN + I 

(TBLN) = STARTING LINE #-1 

~----~~-----, (TBOUTK)=TBOBF 
(TBOTK2) • TBOBF2 

r----'-----, 1.5 

12. REFERENCES {Not Appl icable} 

4.5 LINE (I 

4.5 LINK 

3.0 AC 


