1.1

1.2

1.3

IDENTIFICATION
Digital-8-35-5-B
680 8-Bit Character Assembly Subroutines

November 8, 1965

PDP-8
LIBRARY







Digital-8-35-5-B
Page 1

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 TTl instructions. In addition, space is used in memory
page O 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 O is as follows:

4228 + 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.

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 TBAX1, 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 TBOBF must be defined as the start of the area reserved for outputting the Teletype
characters. |t 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 TBOBF2 must be defined as an area equal in length to TBOBF. 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. [t 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 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 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
JMP  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
prisr 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 10T's

The 1OT'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 1 Clock 2 Clock 3 Clock 4
T8SKP 6421 6431 6441 6451
TT8SON 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 TTBON and also before
aither 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 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 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 TTl instructions.

4.,4.2 Skip if Output Free (TBSOF)

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 psec 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 usec 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 psec 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. [f no character is available, 37.5 psec
are used; if a character is available, 60 psec are used; if the end of a buffer area is found, a maximum of
70.5 psec 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

5.1 Status Active Registers

The autoindex registers defined as TBAX1, TBAX2, and TBAX3 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 fransmit 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 110baud. 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 (Digital-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

T8INIT /INITIALIZE SUBROUTINES

SLN /STARTING LINE NUMBER

ION /ENABLE INTERRUPTS

TTBON /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, ccding similar to the following should appear:
TAD CHARAC /GET OUTPUT CHARACTER
DCA TTCHAR /FOR QUTPUT 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 -1 /WAIT FOR A CHARACTER
DCA SAVLIN /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 TTl instruction for each line
selected every clock interrupt. The program then scans one eighth cf 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 TTI 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 T8BSOF 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 (TBOBF). 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 TBOBF 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
2.3 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.

10.3
10.3.1

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 psec. Clock flags (at 110 baud) occur every 1135 usec.

PROGRAM

List of Items and Pseudo Commands

List of ltems

TT8BGN

T8AX1
T8AX2
T8AX3
TT8PGO

T8OBF
T8OBF2

T8IBF
T8IN
TTCHAR

List of Pseudo Command

/BEGINNING OF SUBROUTINE. MUST BE
/EQUATED TO START OF A PAGE. (AREA
/INCLUDES 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 TTI AREA. (LENGTH = 3nt1.)
/CHARACTER AREA PAGE 0. (SINGLE REGISTER.)

Times (users)

Command Minimum Average Maximum
T8INIT Initialize -
T8SOF 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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Program Listing

CARRFT
~LRFLG
~ONES
TELAY
TNDCOD
TIVE
TNPTS
<CCLT1
{CCLT2
<CCLT3
<CCLT4
<COLTS
(NOW
{RRLT1
(RRLT?2
<{RRLT3
(RRLT4
{RRLTS
{RSLT1
(RSLT?2
(RSLT3
‘RSLT4
‘RSLTS
(SFLT1
‘SFLT?2
(SFLT3
(SFLT4
{SFLTS
10
‘5
{6
64
ILFCODE
_NFEED
_POINR
JACT
JACTV
JIDFX
IDFX1
JRUPT
JUTALL
WTCDS
JWUTIN
JUTPTS

n264
n1a1
n126
Pr641
ni137
1052
Q73
6472
6422
6442
6462
6112
naal
6406
6426
6446
6466
6116
6404
6424
6444
6464
6114
6471
6421
6441
6461
6111
A1e7
7110
n111
n652
n136
n3A6
ANae6
n125
A260
nB592
2n51
n253
n2009
A323
nann
2065

JUTR
RETCON
!POINR
FUPTST
SEVEN
SKTPS
sPACF
sTI OGP
SWITCH
;WL O0P
SWAUTR
TWSKTP
"CFLT1
"CFLT?2
‘CFLT3
"CFLT4
"CFLTS
LSLT1
LSLT2
LSLT3
LSLT4
LSLTS
PCLT1
PCLT2
PCLT3
‘PCLT4
PCLTS
SFLT1
SFLT2
‘SFLT3
‘SFLT4
‘SFLTS
VATTI
‘HO
HOTS
‘HORU
IHNSTR
JHWAIT
IRUCOD
IRULOP

M446
n135
@112
nane
7651
nes?
n134
n225
n6n
n616
n631
n636
6412
6432
6452
6472
6127
6416
6436
6456
6476
6126
6414
6434
6454
6474
6124
6411
6431
6451
6471
6121
n241
na2n
@27
1070
nRas
1022
10851
1004
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i126
1127
13
131
1132
1133
134
128
1136
1137
1140
1141
142
1143
1144

AR
A7t
P2
BY7 AR
“RC4
pms
“APA
ap 7
A1
‘f11
n12
‘713

AQna
4177
Qldy
4677
3Ip21
3151
3200
3274
3344
4600
sQnn
SAr@
7770
nore
Q00

2334
5216
1335
7010
2336
1000
1337
£a14
3340
A424
6071
1350

/8RIT CHARACTER ASSEMBLY SUBROUTINFS

/TYPE £8
/LMH 7=

TTRBGN=3
TT3PGA=1
TBNBF =46
TRBIBF=4?
T80BF2=5
TRBAX1=14
T8AX2=15
T8AX3=16
TTCHAR=1
T8IN=337

TT1=6407?
TTN=K474
TTrL=641

2 TELETYPE LINE MULTIPLEXER
R-K5, 8 BIT

oy
26
oy
Ly
A

77
7

/TELETYPE INPUT COMMAND
/TELETYPE QUTPUT rOMMAND
1 /CLEAR LINF REGISTER

TTRL=6414 /RFAD LINE RFGISTER
TTSL=K412 /SFT LINF REGISTFR, MNLR AC
TTRON=K4324 /TURN CLOCK ON
TTROFF=643? /TURN CLOCK OFF
T8SKP=K431 /SKIP 0N CLOCK FLAG
TTINCR=6471 /INCRFMENT LINE RFGISTER
+TTBPGA
T8INFL, iy /INPUT READY FLAG
T8RFK, TBIRF -1 /T0 RESFT INPUT RUFFER PQOINTFR
T8NL, ? /-NUMRER QOF LINFS
T8K7, TBNRF /K FOR 1ST NUTPUT RUFFER
T8KS8, TRCOM /TQ EMTER CNOMMON RQUTINF
TRSOUT, TRNUTS /SKIP IF QUTPHUT FPREF
TRSIN, TRINS /SKIP IF INPUT READY
T&GO, TA&CNAS /INITIALIZE ROUTINE
TRITES, TRSE /SKIP IF FITHER LINF READY
T8nUTK, TRNRF /JPOINTER TN FIRST OUTPUT RUFFFR
TANTK?, TRAF2 /POINTER TO 2NN QUTPUT RUFFFR
TBK3A, T8AKF? /K FOR 2NN (OUTPUT RUFFER
TBONTY, -1u /HOLD MAJOR LNOP COUNTER
TECNT?2, & /MINOR LOOP COUNTER
TBONTZ, ~ /JCOUNTER FOP INPUT RUFFFR
#TT8RGM
/MULTIPLE LFEVEL INTERRUPT ROUTINE
JALLOWS MU{ TIPLE LFVEL INTFRRUPT T0 THIS ROUTINE AND UNLIMITFD OTHERS
T8NIS, 1SZ T8LC /LFVEL COUNTFR
JMP TARNIS3 /2NN LEVEL TINTERRUPT
NCA TASA /SAVE ACCUMULATOR
RAR /GET LTINK
NCA TBSVLK /SAVE LINK
TAR 2 ¢ JIMTERRUPT ADDRESS
NCA TBSV® /SAVF ADDRESS
TTRL /RN LINE NUMRER
NDCA TBSVIN /SAVE LINF NUMBFR
TTRON /T0 CLFAR FLAG ONLY
T8NIS2, TON /RF-FNABLEPROGRAM INTERRUPT

TAD TBKG /STARTING LINE-1



014
P15

‘016
w17
S22

TA21
no2
A3
M0 4
AR5
‘AP 6
N
SRR
ST
“AR2
~AR3
‘N4
‘A35
TA3ZE
Nk
<A4Q
‘a4
A4
“N43
Y44

inas
3pa6
nay
LARQ
RIS
Q82
inR3
=4
LAR5
rn56
ren7
SA6n
A6l
3062
3063
Inek4
3065
3066
IN6T7
3070
3M71
3N72
Z173
3074
3075
3176
3077

6413
5741

~434
AAM1
5400

1342
3143
1343
A413
1537
74504
5323
405
537
1414
7110
7439
5371
720@
27137
2140@
2n14
2014
2143
5225

414
2343
2142
5263
1344
3142
1345
3014
1350
2343
1131
3137
1141
3140
AOR2
7240
1334
2334
1334
7770
5212
1340
6413
1336
7104
1335
ARML
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TTSL+1 /SFT LINE REGISTFR, CLFAR AC
JMP 1 T8K1 /JUMP TO TTI LOOP

/2ND LFVFL INTFRRUPT

T8DIS3, TTRON /CLEAR CLOCK FLAG
10N /RE-FNABLE PROGRAM INTFRRUPT
JMP T Z2 /RFTURN TO THE MAIN PROGRAM

/RFTURN FRNOM [NPUT TTI LOOP

T8COM, TAN T8MNC /JMINOR COUNTFR, NUMRFR OF LINES/8
nca # TBCONT2 /MINOR LOOP COUNTER
TAD T8LN /LINF NUMBER
TTSL+1 /SFT LINF NUMRFER

T8MQOMA, TAD T # T80OUTK /0TPUT WORD
SNA /SOMETHING TO TRANSMIT
JMP T8COM8 /SEF IF WORD AVAILARLF
TTN+1 /INCR, LINF REGISTER AND OUTPUT
nca 1 72 TB8OUTK /STORE WORD

T8rOM1, TAD T Z T8AX1 /PICK HUP CHARACTER ASSFMRLY WORD
fLL RAR /PUT RIT 11 IN LINK
SZL /CHARACTFR NOT COMPLFTFD
JMP TBCOM6 /STORE CHARACTER
CLA /GCLEAR AC FOR TAD

T8roM3, 1S # T8NOUTK /JUPDATF QUTPUT ADDR
IS# # T80TK? /UPNDATF 2ND RUFFFR ANDRESS
1S2 # T8AX1 /UPNDATF FOR NEXT INPUT LINE
1S# # T8AX1 /UPNDATE FOR NEXT INPUT LINE
1SZ 2 TBNNT?2 /ARE ONE-EIGHTH OF LINFS CHECKED?
JMP TA&COM® /CHECK NEXT LINF

T8romMg, TTRL /RFAN LINE NUMBER
NCA T8LN /SAVE LINE NUMBRER
1S# 2 T8CNT1 /HAVE ALL LINES REEN CHECKED
JMP TBCOMS5 /RESET AND DISMISS
TAD T8K?2 /-10
NCA Z TBCONT?1 /RESET MAJOR LOOP COUNTER
TAD T8K3 /TRIN+1
NCA # T8AX1 /RFSET INPUT LINF POINTER
TAN TRKQ9 /STARTING L INF=-1
NCa T8LN /RFSET LINF NUMBRER
TANn # T8K7 /TR0RF
NnCA # TBOUTK /RFSFT QUTPUT LINE POINTFR
TAD 7 T8K3A /TRQRF?
NCA # T8OTK2 /RFSET 2ND BUFFER POINTER

T8COMS, 10F /TURN OFF INTERRUPT
STA /=1
TAD TA8LC /LFVEL COUNTER
NCA T8LC /RFESTORE LEVEL COUNTFR
TAD T8LC /LFVFL COUNTER

SMA CLA /RESTORE AC FTr
JMP TBDI1S2 /CHECK INPUT AGAIN, ETC.
TAD T8SVLN /LINE NUMRER
TTSL+1 /SFT LINF REGISTER, CLR AC

TAD TBSVLK /PICK UP LINK
CLL RAL /RESTORE LINK
TAD T8SA /RFSTORE ACCUMULATOR
TON /JEMARLF INTERRUPT
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31000 5737 JMP T T8SVM /RFTURN TO MAIN PROGRAM
3171 7112 T800Ms, cLl RTR /RFMOVF START CODE
3102 3415 NCA 1T # T8AX? /STORE CHARACTER
3103 A414 TTRL /READ LLINE NUMRER
3104 3415 nca 1 # TBAX? /STORE LINE NUMRER
3105 1914 TANn 2 T8AX1 /PI1CK UP ANDRESS POINTER
3176 1346 TAD T8BKS /=2
3107 in14 NCA 2 T8AX1 /RFSFT POINTFR
3110 2414 NCA T 2 TARAX1 /ZFRO STATUS AND COUNTFR WORD
3111 1347 TAN T8K6 /WORD TO RFESTORE ASSFMRLY WORD
3112 414 NCA T 7 TBAX1 /RFSET CHARACTER ASSFMRBLY WORD
3113 2126 1S7Z # T8INFL /SFT INMNPUT READY FLAG
3114 2144 1S7 # TBCNT3 /HAS END OF RUFFFR BFEN REACHED
3115 ~237 JMP TA&COM3 /UPDATE RFGISTERS
3116 1127 T8cOM7, TAD # T8BRFK /TRIRF-1
3117 2015 NCaA # T8AX? /RFSFT INPUT RUFFER ADDRFSS
3120 113¢ TAD TBNL /LFNGTH OF BUFFER, NUMRER OF LINES
3171 3144 NCA # TBONTZ /RFSFET LFNGTH COUNTER
3172 5237 JMP TRCOM3I sUPDATE RFGISTERS
3123 154@ T8CO0OMSA, TAD T 72 T8Q0TK?2 /PICK UUP DOURLE-RUFFFRED WORD
3124 744¢ SZA /NOTHING TN SEND
3175 5330 JMP L +3 /SEND NEW WORD
3126 K401 TTINCR /INCREMENT LINF REGISTER
31727 5232 JMP T8COM1 /CONTINUE FOR INPUT
312 K405 TTO+1 /INMCR, LINE REGISTER AND OUTPUT
3131 3537 NCA I 2 TBOUTK /STORE WORD
31322 3340 NCA 12 TROTK? /7ERO 2ND WORD
3133 232 JMP T8COM1 /CONTINUE FOR INPUT
/CONSTANTS
3134 7777 T8LC, -1 /IMTERRUPT LEVEL COUNTER
3135  @“9A@ T8SA, a /SAVE ACCUMULATOR
3126 2p0a T8SVLK, 7 /SAVE LINK
3127  4prp T8SVae, e /SAVF PROGRAM COUNTER
3147 apreR TBSVLN, ol /SAVE LINE NUMBER
3141 3377 T8k1, TRIN /START QOF TTI SERIES
3142 #pe@  T8MNC, A /MTNOR LOOP COUNTER, NO OF LINES/8
3143 ANAG TRIN, ? /LINF NUMBER
3144 7770 T8K2, -1 /70 RESET MAJOR LOOP COUNTER
3145 3400 T8k3, TRIN+1 /TN RESET INPUT LINE POINTER
3146 7776 T8«5, -2 /FNR SUBTTACTION
3147 200 T8kKs, 2707 /T0 RESET 8-RIT ASSEMBLY WORD
31  2@n@  T8K9, ” /STARTING LIMNF=-1

/PSEUN OPERATINNS
/SK1P TF OQUTPUT IS FREF AND TRANSMIT CHARACTFR AT TTCHAR
/O0THERWISE DONT SKIP

ZLINF MUMRER MUST RE [N AC, 24US MIN, 42US MAX,
T8SOF=JMS 1 # T8SQUT
311 ~2¢e@@ T8NUTS, o

3152 0370 AND T8K17 /177

3183 1371 Tan T8SL /-STARTING LINE NO,
3154 1141 TAD 7 TBK36 /0UTPUT BUFFER ADDR
3155 3372 NCA T8WA /WNRK AREA

3186 1772 TAD 1 T8WA /0UTPUT CHARACTER

3157 7647 SZA CLA /SK1p IF FREE

310  B751 JMP T TBNOUTS JEXTT



31¢€1
3162
31¢3
3164
3165
3166
3167
23170
3171
3172
3173
3174

320
52111
32m2
3203
5700 4
3205
3206
307
3210
3211
37217
3913
5214
37215
5716
3217
3227
3721
52292

3223

3704
3225
3226
3227
3230
3039
3232
3233
3234
37235
5236
3237
2240

1177
#373

1374

7174
2772
2351
5751
”177
cena
)
w377
1470

“ACQ
A2
72419
1126
751m
52721
2126
2223
=215
1130
223
1127
IN16
1416
2177
1416
22077
AP 1
5670

“ara

fpne
5391
3130
1130
1372
764p
1323
1130
n304
7041
2130
1130
3144

Tap 7 TTCHAR
ANN TAK11

TAD
CLL RAL
nca 1

T&w12

TRWA

IS7 THAUTS

JMP T
T8k1m,
T8SL,
TBL‘A ’
T8x11,
T8k1?2,
xTTBRGN+2 47

JSKIP IF GHARACTFR AVAILABLE AND RFTURN WITH LINF NQ,

TRANJTS

177
1%

4
377
1479

/CHAR AT TTCHAR

/0THFRWISE nn

/PICK UP CHA
/8 B

RACTER
ITS ONLY

/14p@ FOR STOP CODF

/CREATE

/INDEX EXIT
/EXTT

/FOR LINF NUMBFR

START CONPE
/STORE CHAPACTFR IN TARLE

/=-STARTING LINE NUMBER
/WORK AREA
/FOR ETGHT BIT CODE

/F0OR

STOP CODE

Digital-8-35-S-B
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IN AC

27.5US NORMAL

-N-1

I‘\!OT QKIP. 15 US MIN’ 48 “S MAX’
“1F READY
TRS[R=JMS 1 # T8SIN
TBINS, n
[DF
CLA rMMA /SFT AC T0 -1 FOR TAD
TAD 72 TBINFL /IMPUT FLAG COUNTER
SPa /SOMETHING AVATLABLE
JMP TS3INON JEXIT
nca 7z TBINFL /RFESTORE FLAG COUNTER
IS4 T&NNTA4 /JEND OF RUFFFR? STARTS AT
JMP [ +5 /GET CHARACTFR
Tan # TANL /-NUMBER OF LINES
NCA TRONTA4 /RFSET COUMTFR
TAD Z2 TRRFK /RUFFER ADNRESS-1
nca # T8AX?Z /RESET ANDRESS
TAD 1 7 TrRaXR /PICK UP CHARATER
NCA Z2 TTCHAR /STORE CHARACTFR
TAD T 7?2 THAX3I /PICK UP LINF NUMBFR
1SZ TRINS /INDEX EXIT
TBINON, 10N
JMP T TBINS JEXIT
TBCNT4, > /=-NQO OF LINES
JINITTIALTZATION
/JENTFR WITH NUMRFR OF LINES IN AC
/FQORMAT TBINIT
/ 1ST LINE NN,
T8INTIT=JMS # TAGO
T810S, 2
AND TRK14 /377
nca 7 T8NL /STORE NUMRER OF LINES
TAD # TBNL /NUMRER OF LINFS
ANN TAK1S /7
SZA CLA /MULTIPLF 0OF 82
TAD T8K16 /10
TAN 7 TANL /NUMRER OF LINFS
ANN TAK17 /370
CIA /-TWO'S COMP NUMREP OF LINES
nca 72 T8NL /=N, CONSTANT
TAD Z T8ANL /=N
NCA 2 TBCNTS3 /INPUT COUNTFR
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37241 1376 TAD TRK2MA /THRIN-1

F242 3Ip14 Nnca 7 T8aX1 /TD STORF TT1 TARLF

3243 1327 TAR THK21 /TBORF-1

3744 3IMN15 NCA 72 THAX? /To CLEAR QUTPUT AREA

3745 1343 TAN T3K37 /T80ORF?2-1

3246 2016 NCA # TRAXX /70 CLEAR DOURBRLE BUFFER

3247 1130 Tan 7 TANL /=N

3’5A 2223 NCA TACNT4 /FOR COUNTING

3-°51 13380 T8r0O?2, TAD TRK2? /TTI+INCR
37252 R414 nca I # T8AX1 /STORE TTI

3253 3414 nCa T 72 THAX] /ZFRO STATUS AND CNUNTFR WORD
3754 1331 TAN TBK23 /ASSFMRLY RESET WORD
7285 414 NCA 1 72 T&AX1 /RFESET ASSEMRLY WORD

»256 1415 NCa 1T 2 TRAXD? /2FRO OUTPUT WORND

2287 3416 NCa 1 # TRAXZR /CLEAR DOURLE RUFFFR

32600 2273 IS# T8CONT4 /CNUNTER

3261 5251 JMP THGO? /D0 NEXT LINFE

3262 1332 TAN T8K?24 /JMP 1 2 T8KS8

37A3 3414 nca 1 72 TRAX1 /STORE FINAL JUMP

B2A4 11307 TAN # TABNL /=N

2265 7012 RTR /DIVIDE RY 4

3266 7210 RAR /DIVIDE RY 8

3°67 333 ANN TRK25 /17

3270 1334 TAD T8K?2A /7760, MAKF NUMBER NEGATIVE
3271 2735 NRCA T TRk27 /TRMNC

3272 7240 STA /-1

3273 3223 NCA TRONT4 /SFT COUNTER TO SKIP 1ST TIMF
37274 1127 TAD 7 TBRF« /TRIRF-1

3275 3015 nea ?2 TBAX? /SET INPUT BUFFER PQINTER
3276 1336 TAD TRKk2R /=19

3277 3142 nca 2 Ta80NT1H /MAJOR LOOP COUNTER

320m 1337 TAN TRK3IA /TRIN+1

371 Im14 nca 7 T8AX1 /SFT TTI POINTFR

3302 1131 TAR 72 TBK?7 /T80ORF

33723 2137 nca * TRNUTK /71ST OUTPUT RUFFFR POINTER
33m4 1141 TAN 7 TRK3A /TRORF?2

325 3140 nca 2 TENTK?2 /2ND OUTPUT RUFFFR POINTFR
3314 7247 STA /-1

3ip7 1624 TAN T TBENS /STARTING LINE NO,

331@ 3749 NCa T TRBK33Z /TRKO, STARTING LINE NO, -1
3311 1749 TAD T TAKXZR /TRKO9

Ji12 70409 ™M /MAKE NEGATIVE

3413 31741 nca I T8BK3a4 /TRSL, -STARTING LINE NO.
314 1176 NPCA 7 TBINFL /JCLEAR INPUT FLAG COUNTER
3315 7240 STa /=1

3316 3742 nca 1 T8K3S /TSLC, RFSET INTFRRUPT LEVEL COUNTER
3317 2274 1S# 78108 /INDFX EXIT

3100 5674 JUP 1 THGOS JEXIT

/CNNSTANTS

3321 7377 T8«14, 377 /FOR LINE NUMBFR

J4p2  wpn7  TBK15, 7 /FOR EVEN MULTIPLE OF 8
3393 ap1p TRK1A, 10 /FOR EVEN MULTIPLE OF 8
2324 (370 T8K17, 379 /FGR EVEN MULTIPLE OF &
325  appl  TAK1S, 1 /FOR COMPLFMENTING
3306 2376 T8Bx2M, TRIN=-1 /FOR STORING TTI'S

3327 4577 T8K21, THARF =1 /FOR QUTPUT AREA



333
3331
3332
33133
3334
3335
2326
3337
2340
J541
34542
33543

3444
3345
5346
3547
3350
33451
3382
33R3
3454

~403
2000
5532
AN17
7760
3142
777@
3470
3150
3171
3134
4777

7PN
4534
5351
2344
5744
2377
5744
2344
5744

Digital-8-35-5-B
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PAIISF

T8K2?, TT1+1 /TTI + INCREMENT
TRk 23, P2NAQ /ASSEMRLY RESET WORND
T8x24, JMP 1 7 TBkS8 /FOR FINAL JUMP
T8K25, 17 /FOR =-N/8
T8K26, 7740 /FOR MAKING NEGATIVE
T8K27, TRUNC /FOR =N/8
T8K?28, -in /FOR MAJOR LOOP COUNTER
T8K3A, T8IN+1 /FOR TTI POINTFR
T8Kk33, T8K9. /FOR STARTING LINE-1
T8K34, T8SL /-STARTING LINE NO.
TBK35, T8LC /FOR INTFRRUPT LFVFL COUNTFR
T8« 37, T8NRF2-1 /FNR DNURLE RUFFFR
/SKIP TF CHARARTFR AVAILABLE FROM FITHER OF TWO TYPFS OF LINFS
/OTHFRWISE DO NOT SKIP, 31,5US MIN, 74,.5US MAX, 6@AUS NORMAL
/1F READY
TB8SIF=JMS # TBIES
T8SE, ?
TRSIR /CHECK 8-BIT CODF
JMP 43 /CHECK 5-BIT CODF
1S2 TRSF /INDFX EXIT
JMP 1 TRSFE JEXIT
T5S1R /CHECK 5-BIT CNDF
JMP 1 TRSE JEXIT
1S# TRSF /JINDFEX EXIT
JMP 1 TA8SE JEXIT
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1.

11.1

DIAGRAMS

Flow Charts

T8GOS

CLR AC TO LAST
8 BITS

'S

STORE AC
IN T8NL

NO
OF LINE
AN EVEN MULT

OF 8

YES

INITIALIZATION
(AC) = NUMBER OF LINES
ENTRY

LOAD 8 INTO
AC

CLEAR AC

]

(AC) + (TBNL) CLR
AC BITS 9,101

y

2'S COMPL (AC)
STORE IN TBNL

y

MULTIPLE OF 8.

(TBNL) =2'S COMPL. OF THE
NO. OF LINES TO THE NEXT

LOAD EXIT JUMP
INTO TTI TABLE

DCA | AX1

OCA | AX2
DCA | AX3

(T8NL) TO )
TBCNT3 TBCNT3 = INPUT COUNTER
‘ AX1=TTI TABLE
LOAD INDEX AX2 = OUTPUT AREA
REGISTERS AX3 = DOUBLE BUFFER
CNT4 = NO. OF LINES
T8G02
LOAD AC WITH
TTINCR AND
TTI INSTR
DCA | AX1
DCA | AX2 LOAD AC
SET INCR AND WITH 2000
TTI INTO TTH
TABLE

SET TTI + 2
CLR BUFFERS




INITIALIZATION
(AC)=NUMBER OF LINES

DIVIDE NUMBER
OF LINES BY 8

(TBMNC)= # LINES /8

y

MAKE NEGATIVE
STORE IN T8MNC

¥

SET TBCNT4
TO ALL 1'S

y

SET INPUT
BUFFER POINTER

(AX2) = T8IBF -1

y

T8CNT1 MAJOR LOOP

BUFFER POINTERS

SET TBCNTY COUNTER = -8
TO -8
; (AX1)=T8IN +1
SET TTI
POINTER
‘ (TBOUTK) = TBOBF
SET OUTPUT

(T8OTK2) = TBOBF2

y

STEP EXIT
ADDRESS PAST

STARTING LINE NO.

’

STARTING LINE
NO -1=(T8K9)

COMPLEMENT

STARTING LINE NO-1

RESET INTERRUPT
LEVEL COUNTER

(T8K9) = STARTING LINE

(T8SL) = COMPL. OF
STARTING LINE -1

(T8LC) = ALL 1'S

OUTPUT
SKIP IF OUTPUT IS FREE AND
T80UTS TRANSMIT CHARACTER AT TTCHAR
CLEAR AC TO
LINE NUMBER

y

SUBTRACT STARTING
LINE NUMBER

y

ADD OUTPUT
BUFFER STARTING
ADDRESS

v

LOAD AC WITH
CONTENTS OF
2ND BUFFER

YES

NO

PICK UP
CHARACTER

y

INSERT START
AND STOP CODES

STORE |

N
OUTPUT BUFFER

INCREMENT
EXIT FOR SKIP

Digital-8-35-5-B
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INPUT
T8INS SKIP IF INPUT IS AVAILABLE
PUT CHARACTER IN TTCHAR AND
LINE NUMBER IN AC

GET INPUT
FLAG COUNTER

INPUT
AVAILABLE
?

INFL -1 TO INFL

END

OF BUFFER

ISZ  T8CNT4
?

RESET TBCNT4
AND TBAX3

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 ) TB7SE EXIT
NO

8-8IT 5-BIT
LINES HAVE NO LINES HAVE

INPUT INPUT

? ?
YES YES

INCREMENT

EXIT ADDRESS
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T80IS
ENTRANCE BY
CLOCK INTERRUPT

3 O0usec
1ST

LEVEL
INTERRUPT 2ND LEVEL
(ISZ T8LC) % SAVE AC 30
? SAVE LINK a5
SAVE | ADDRESS 6.0
SAVE LINE # 4.5
N 180153 Ci OCK ON 15
SAVE AC 8 L 19.5 u sec
INTERRUPT ADDRESS CLR CLOCK
LINE NUMBER ION
AND CLEAR CLOCK T %% ION 1.5
SET LINE 45
JMP T8IN 30
. T8DIS2
SET LINE * % % ZEROS SECOND BUFFER
REGISTER TO ADDS 4.5
STARTING LINE
—1 (ION) * %K% 1.5
30
30
6.0
TEST INPUT —
LINES
TBCOM
6.0 SET MINOR (TBCNT2)=#LINES/8
LOOP COUNTER
45 SET LINE
REGISTER = (TBLN)
r TBCOMO 60  TBCOMS 7
| 6.0 ANYTHING 15 ANYTHING I
TO TRANSMIT 2 VO IN SECOND SN0 INCREMENT LINE
] (TAD | TBOUTK) BUFFER REGISTER I
(SNA) ?
I TRANSMIT * %% | YES l
15 INCREMENT SKIP CLA
LINE REGISTER T8COM6
AND OUTPUT
! TBCOM! I
YES
3% TBCOM3
FNpuT CLA CHECKED
AN INPU
4.5 SAVE REST CHARACTER BEEN Tty /8 OF LINES
OF CHARACTER T8OTK2 + 1
ASSEMBLED ?
75 ? AX1+2
l 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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T8COM4

SAVE LINE
NUMBER

LAST
1/8 OF LINES
PROCESSED

YES

RESET MAJOR
LOOP COUNTER

y

RESET INPUT
LINE POINTER

y

RESET LINE
NUMBER

Y

RESET OUTPUT
POINTERS

T8COMS

IOF

y

INTERRUPT LEVEL
COUNTER -1

ANY MOR
INTERRUPT
LEVELS TO
PRO(?ZESS

45

3.0

6.0
(TBCNT1)= -8

6.0
(TBAX1) = TBIN +1

6.0
(TBLN) = STARTING LINE # -1

(TBOUTK)= TBOBF
(T8OTK2) = TBOBF2

15 1.5
30 ION
3.0

4.5 LINE #
RESTORE LINK | 45 LINK

-AC AND
LINE REGISTER 3.0 AC

12, REFERENCES (Not Applicable)

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
= T8AX1

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

90

4.5
7.5

3.0




