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2. ABSTRACT

The 680 8-Bit Character Exerciser program further verifies correct operation of the 680 DCS
system. This test assumes that the Teletype lines are full duplex. However, if the line outputs are jump-
ered to the line inputs, the test does verify that the input characters are received as transmitted.

3. REQUIREMENTS

3.1 Storage

3.1.1 Exerciser Program

ADDRESS 0

Concurrent Output Test 12008 to 13778
Output Data Table 14008 to 15358
Concurrent Input Test 16008 to 16168
Output Switch Register Routine 20008 to 20748
Output Buffer 2200  to 23778
Input Buffer 2400 to 25778
Interrupt Routine 0001 to 0004

3.1.2 Character Assembly Subroﬁtines (List of Items)
TT8BGN (Start of Subroutines) 3000 to 33764
T8IN (TTI Area) 33778 to 4]778
T8IBF  (Input Buffer) 42008 to 45778
T8OBF  (Output Buffer) 46008 to 47778
T80BF2 (Second Output Buffer) 50008 to 5]778
TT8PGO (Page O Constants) 01268 to 01448
TTCHAR (Character Register) 0]778
T8AX1 (Autoindex) 14
T8AX2 (Autoindex) 15
T8AX3 (Autoindex) 16

3.2 Subprograms and/or Subroutines

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

3.3 Equipment

Minimum Configuration PDP-8

680 DCS hardware (including a 110 Baud Clock)
3.4 Miscellaneous

The 110 Baud Clock in CLOCK 2.
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4.

4.1
4.1.1

USAGE

Loading
If the Binary Loader beginning at address 7777 is in memory, see Section 4.1.2. Otherwise

the RIM Loader and/or the Binary Loader must be loaded into memory.

4.1.2

4.3

4.4
4.4.1

4.4.2

The 680 8-Bit Character Exerciser may now be loaded into memory as follows:

Set 7777g in the SWITCH REGISTER

Press the LOAD ADDRESS key

Place the Character Exerciser in the keyboard reader
Press START '

Engage the keyboard reader

Switch Settings (See Section 4.4)

Start up and/or Entry

Concurrent Output Test

Set the SWITCH REGISTER to 1200
Press the LOAD ADDRESS key.

Set the SWITCH REGISTER equal to the lowest line number to be tested.
Press START; the processor halts at address 1202.

Set the SWITCH REGISTER equal to the number of lines to be tested. //

o)

Tt /
Jied Y

Press CONTINUE; the program outputs a fixed message on all the lines selected.

Concurrent Input Test

Set the SWITCH REGISTER to 1600. Cotin, vo Lo HFopinn ey pla,

Press the LOAD ADDRESS key . prow bl Cagensg O R

e ol PESacht = N (3 . A

Press START; the program scans 128 lines for input and retransmits characters received on the

same line as they are received.

Note that the 680 8-Bit Character Assembly subroutines as currently coded will not process

128 lines at 110 Baud. Therefore, it is necessary to do the following before running the Concurrent Input

Test:

4.4.3

Set the SWITCH REGISTER to 1616. - -

Press the LOAD ADDRESS key.

Set the SWITCH REGISTER equal to the number of lines on the system.
Press the DEPOSIT key.

The Concurrent Input Test may be run as above.

Output the contents of the SWITCH REGISTER.

Set the SWITCH REGISTER to 2000.

Press the LOAD ADDRESS key.

Set the SWITCH REGISTER to the line number to be tested.
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Press START; the processor halts at address 2002.

Set SWITCH REGISTER bits 4 througn 11 equal to the character to be transmitted, and SWO
as follows:

SWO0 - down: Do not test for input.
SWO - up: Wait for input and verify that it is the same character as transmitted.

Press CONTINUE; the program transmits a carriage return, line feed, the contents of the
AC switches 64 times, and then repeats.

Note that since the input is two characters behind the output, (due to the double buffering
of the Character Assembly Subroutines), SWO may not be changed from 0 to a 1 once the program is run-
ning. It may, however, be changed from a 1 to a 0 and switches 4 through 11 may be altered at any time.

4.5 Errors In Usage

Hardware malfunctions detected by the program result in a processor halt. The following is
a list of these error halts and their meanings:

4.5.1 Address 0002 Not Clock Interrupt

Either an interrupt was received from a device other than Teletype Clock 2 or the 10T 6431
did not skip after an interrupt from Clock 2. '

4.5.2 Address 1312 Data Error

The processor halts with a line number displayed in the AC, indicating that a data error has
occurred on that line. Press CONTINUE and the processor halts at address 1315 with the character that
should have been received in the AC. Press CONTINUE again and the processor halts with the character
that is received in the AC.

4.5.3 Address 2060 Data Error (Output AC Switches Routine)

Processor halts with the character transmitted in the AC. This could be a carriage return,
a line feed, or the code contained in the SWITCH REGISTER. Press CONTINUE, and the processor halts
with the character that is displayed in the AC.

4.5.4 Detection of an Open Input Line.

If the data error halt at address 1312 is consistently executed with a specific line number
and the character received is always 0, it indicates that the input line is in a constant "SPACE" or open
line state.

4.5.5 Detection of a Constant "MARK"

The 680 Character Exerciser was written with the assumption that the Teletype lines being
tested are full duplex. Also, the program assumes that any input received during the Concurrent Output
Test is due to the fact that the line outputs are tied to line inputs. Therefore, if there is no input on a
line or any of the lines, the program does not consider it an error. Assuming the test is operating with
inputs tied to outputs, the only way to be sure that a line is transmitting and receiving is to open the in-
put line in order to force a data error.

Note that this procedure is also likely to display any errors in translating line numbers; i.e.,
input line 17 is opened and the processor does not halt. The line is then closed again and an error is
indicated on line 37. The malfunction is probably in the decoding of line 17.



PDP-8 Maindec 826-A
Page 4

4.6 Recovery from Such Errors

Pressing CONTINUE causes the program to proceed. It is possible that an error halt will
leave some of the output lines in a "SPACE" condition. If this happens, any Teletypes that are tied to
these outputs will run freely until the program continues. Also, in the process of opening lines to test for
transmitting and receiving, it is possible to get the input of a line out of sequence with the output. In
this case, it is necessary that the test be restarted.

5. Restrictions

The Character Assembly Subroutines scan the lines in even multiples of eight lines. There-
fore, it is possible that an error could be indicated on a line or lines that have not been selected to be
run, i.e., the Output SWITCH REGISTER Routine, if line 1 is selected to be run, the inputs of lines 2, 3,
4, 5,6, 7and 108 should be placed in the "MARK" state.

6. DESCRIPTION
6.1 Discussion
6.1.1 General

The 680 8-Bit Character Exerciser transmits and/or receives ASCII Teletype data at the line
speed of Teletype clock 2 and verifies correct operation of the 680 DCS hardware. The program allows
parameters to exercise up to 128 lines and includes three modes of test: Concurrent Output, Concurrent
Input, and Output the Switch Register.

6.1.2 Test Descriptions
6.1.2.1 Concurrent Output Test

The Concurrent Output Test will accept parameters to transmit on from 1 to 128 lines. The
program assumes that all of the lines selected are full duplex and that any input is due to an output line
jumpered to an input line. The following message is transmitted on all lines selected:

THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG'S BACK
0123456789 ' " #$ %' ()*+ . /:;<=>?2@[\1t~

If input is received on any of the lines selected, the program verifies that the characters
received are received in the same order that they are transmitted. Also, since the input is tested almost
independently of the output, it is possible to jumper input lines to output lines in any configuration that
is desired, including and/or other than 1 for 1.

6.1.2.2 Concurrent Input Test

The Concurrent Input Test initializes to scan all 128 lines for input. When a character is
received on a line, the program transmits the character received on the same line. (See Section 4.4.2.)

6.1.2.3 Output the Switch Register Routine

This routine transmits the code contained in SWITCH REGISTER bits 4 through 11 on the
line specified by the contents of the SWITCH REGISTER when the routine is started. The program trans-
mits a carriage return, line feed, the contents of the SWITCH REGISTER 64 times, and then repeats. If
SWITCH REGISTER bit 0 is a 1, the program transmits a character, waits for it to be input, and then
verfies that the output and the input are equal. Since the input is two characters behind the output, (due
to the double buffering of output characters in the Character Assembly Subroutines) the compare mode
must be selected at the time the processor halts at address 2003.



10.
10.4

@126
@127
R3¢
8131

01oR

0133
RY
0155
0156
9137
@149
@14y
Bl14g
8143
Bpi144

METHODS (Not Applicable)

FORMAT (Not Applicable)

EXECUTION TIME (Not Applicable)

PROGRAM

Program Listing

YY)
4177
YY)
46100
$p21
$151
$200
5224
35344
4600
5000
5p00
7770
TY)
YTY)

/8BIT CHARACTER ASSEMBLY SUBRUUTINES
/TYPE 680 IELEIYPE LINE MULTIFLEXER
JLMH 7-8-65, & Bl

TI8BGN=300Y
TI8PGa@=126
TBOBF=4600
T8[BF=4200
TBOBF2=5000
TEAX{=14
TEAXR=15
TEBAX3=16
TICHAR=17/
TBINE3377

TTi=6402 /VELETYPE INPUT CUMMAND
TI0=6404 /VELEIYPE QUTPUT COMMAND
TICL®6411 /CLEAR LINE REGISTER

TIRL=6414 /REAU LINE HEGISIER

TISL=6412 /SE| LINE REGISTER, CLR AC

PDP-8 Maindec 826-A
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TIBON=6434 /1URN CLOCK ON

TT80FF=6492 /1URN CLOCK OFF

TESKPE643] /SK1P ON CLUCK FLAG
TTINCR=6481 /INCREMENT LINE REGISIER
xIT8RPGY

TEINFL,  © /INPU| READY FLAG

TEBFK. T8IBF =1 /10 RESE| INPUT BUFFER POINTER
TENL . ) /-NUMBER OF LINES

TOK7 4 18o8k /K FOR {81 OUIPUT BUFFER
TOKE, T8CUM /70 ENTER GUMMON ROUTINE
T850UT, 180Y!S /SKIP IF OUIPUT FREE

TESIN, 18NS /SK1P LF INPUI READY

T8GO, 18GUY /INTTIALIZE RUUTINE

TOIES, |8sk /S5KIP IF E]IHBR LINE READY
THOUTK, Teasr /POINTER 10 FIRST QUTPUT BUFEER
TO0TKE, Teopre /POINTER TQ 2ND OUTPU! BUPFER
T§K36: 1808t 2 /K FOR 2ND QUTPRUT BQFEER
TOCNT I, 19 /HOLD MAJUR LUOP COUNTER
TECNT2, 0 /MINOR LOUP CUUNTER

TECNTS, O /GOUNIER FQR INPUT BUFFER
xJTBBGN

JMULTIPLE LEVEL INIERRUPT ROUTINE

JALLOWS MULTIPLE LEVEL INTERRUPT TU THIS RUUTINE

JAND UNLIMITED OTHERS
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ITY.
30
dvPg
3903
3404
3605
3606
3607
301
$Y1 g
2012
3013
3014
3018

$916
50179
3629

Swdy

8622

3023
Ju2e
Sveh
3926
sway

RY;

SUYy

LY
KPRY
3084
VS5
$USe
$us7
S0AP
$¥4

vuag
suay
KLY

3045
3vag
Sv47
$U2p
3054
$u52
5053
K1Y
3ubg
3454
3457
366
SKb
$062

23354

5216
3335

7818
3336
1908
3337
6414
9348

6434

6001
1350

6413

5741

6434
6001
5400

1342

$143
1343
6413
1587
7458
53238

6605

9537
1414
7110
7430
5301
72080
2137
2140
2014
2014
21443
52eb

0414
5343
2142
263
1344
3142
1345
314
1350
3343
113819
S¢387
1141
$1492

T8DI8,

TE8DI82,

182 I8LC /LEVEL. COUNIER

JMP 18DISY /2ND LEVEL INIERRURI

bCca 188A /SAVE ACCUMULAIQHR

RAR /GET LINK

DCA 18SVLK /SAVE LINK

TAD ¢ © ~ /INTERRUPT ADDKRESS

Uca 18sve /SAVE ADBRESS

TTRk /RD LINE NUMBER

DCA 18SVLN /SAVE LINE. NUMBER

TTBUN /TO CLEAR FLAG ONLY

10N /RE-ENABLEFROGRAM INTERRUFT
|AD |8BKY /SIARTING LINE™Y

TT8L*1 /SET LINE REGISTER, CLEAR AC

JMP I TBK1 /JUMP TO TTI LOOP

/€ND LEVEL INIBRRUFI

T8DI8S,

TBCOM,

TECOMD,

TECOMY,

TECOMS,

TECOMAY,

[TBUN /CLEAR CLOCK FLAG

10N /RE~ENABLE PROWRAM INIERRUPT

JMP L Z © /RETURN |0 THE MAIN PROGRAM
/RETURN FRUM INPUT ITI LOQOP

IAD | 8MNC /MINOR COUNTER» NUMBBR OF LINES/8

UCA & THUNTZ /MINOR LUOP GOUNTER

|AD |8LN /LINE NUMBER

TTSL*1 /SET LINE NUMBER

TAD 1 Z 180VTK /QUTPUT WORD

SNA /SUMETHING TO |RANSMI |

JMP 18COMB /SEE IF WORD AVAILABLE

TTO0*1 /INCR. LINE REGIBIER AND VUTPUT

DCA I Z 180VIK /8I10RE WURD

TAD 4 Z 1BAXIY /PICK UP CHARACTER ASSEMBLY WORD

CLL RAR /PUT BIT 11 IN LINK

SzL /CHARACTER NOT COMPLEIED

JMP 18CUM6 /STORE CHARACITER

CLA /CLEAR AC FOR 1AD

182 ¢ T8UUTK /UPDATE QUIPUT ADUR

1Sz £ T8UIKZ /UFDATE ZND BUPFER AUDRESS

1SZ £ 18AXY /UPDATE FOR NEXT INPVUI LINE

1SZ ¢ TBAXI /UPDATE FOR NEXT INPUI LINE

ISZ £ THUNTZ /ARE ONE-~EJGHTH OF LINES VHECKED?

JMP 18CUMU /CHECK NEXT LINE

TTRL /READ LINE NUMBER

UCA 18LN /SAVE LINE NUMBER

ISz ¢ T8UNT) /HAVE ALL LINES BEEN CHECKED

JMP |1BCUM> /HESE! AND UISMISS

IAD |1BKZ /=19

UCA £ TBCNT)I /RESET MAJUR LUOF COUNTER

IAD 18K3 /1BIN+1

DCA £ (BAXY /RESET INPUI LINE POINTER

IAD |BKY /SIARTING LINE=}

UCA IBLN /RESET LINE NUMBER

TAD £ TBK/ /T1808F

DCA ¢ TBUVTK /RESE1 QUTPUT LINE PUINTER

TAD &4 T&KS6 /T80BF2

UCa < TBUIKEZ /RESET 2ND BUFFER POINTER



JUoy

3064

3665

3666,

3067
3078
34/
3672
3673

3U74

39/8
3476
3077
3109
3101
s102
3103

3104

3105
3106
3197
31
IRE]
Jig
3113
3114
3018
3116
3119
3120
3121
3122
3ies

3124
3125

3128
3127
313p
3194
3192
3133

3154
3138
3138
3137
$14@
3149
314g
3143
3144

$168

34
3147
3150

6g02
7240
1334
3334
1334
/1708

5212

1340
6413

1336

/104
1335
6001
737
7112

3415

6414

3415
1014

1346

sp14
3414

1347
3414
2126
2144
5237
112/

8915,

1130
39144
5237
1548
7440
5330
6401
5232
6405
9837
$340
532

7777
0eue
bave
Dooo
0ovo
3377
woeo
bovd
77780
3420

7776

2000
vpoo

PDP-8 Maindec 826-A
Page 7

/TURN OFF INTERRUPT
/=]

/LEVEL CUUNTER
/RESTORE LEVEL. COYNTER
/LEVEL CUUNTER

/RESIORE AC &TC
JMP 180152 /CHECK INPUI AGAIN, EIC,

/SET LINE REGISTERs ULR AC

/RESTORE LINK

/RESTORE AGCUMULAIOR
/ENABLE INIERRUPI
/RETURN 10 MAIN PROGRAM
/REMOVE START UQUE

/8 10RE CHARACTER

/READ LINE NUMBER

/SIQRE LINE NUMBER

/plCK UP ALDRESS POINIER
/-2
/RESET POINTER

/ZERO STATUS AND
/WORD TO RESTORE
/RESET CHARACTER
/SKT INPUT READY

GOUNITER WORD
ASSEMBLY WORD
ASSEMBLY WORD
FLAG.

/HAS END OF BUFFER BEEN REACHED

/T8]1BF =1
/RESET INPUT BUFRER AUDRESS
/LENGTH OF BUFFER2 NUMBER OF LINES
/RESET LBNGIH COUNTER

/p1CK UP DOUBLE=BYFFERED WORD
/NUTHING TU SEND

/SEND NEW WORD

/INCREMENT LINE REGISTER

JMP 18COM1 /CONTINUE FUR INPUT

/INCR, LINE REGYISIER AND UUTPUT
/SIQORE WURD

/LERQ 2ND WURD

JMP 18CUM1 /CONTINUE FUR INPUT

/INTERRUPT LEVEL COUNIER
/SAVE ACGUMULAIQR

/SAVE LINK

/SAVE PRUGRAM COUNTER

/SAVE LINE NUMBER

/SIART OF IT] SERJES

/MINOR LUOP GOUNTER, NO OF LINES/8
/LINE NUMBER

/T0 RESE! MAJOR LVYUP COUNIER
/70 RESE! INPUI LINE POINIER
/FOR SUBIRACTIUN

/TO RESET 8-Bl| ASSEMBLY WORD

TECOMS5, 10F
8TA
AD 18LC
UCA 18LE
lap !8LC
SMA CLA
1AD 188SVLN /LINE NUMBER
TTSL#1
|AD 18SVLK /PICK UP LINK
CLL RAL
|AD J8SA
10N
JMP L TBSV@
TECOMS, CLL RTR
UCA | Z TuaAaX2
TTRL
DCA 1 Z 18AXR2
IAD 4 TBAX{
I|AD |8K5
Dca £ TBAXY
Dca 1 Z T8AX)
1AD | BKé
DCA | Z TBAXI
182 Z TBINFL
182 Z TBUNTS
JMP 18COMe /UPDATE REGISIERS
TECOM7, TAD £ I8BFK
UCA £ TBAKXR
TAD I8NL
DCA £ TBUNTS
JMP 18COMS /UPDAILE REGISIERS
TECOMS8, TAD | Z 180IK2
SZA
JMP o ®J
TTINCH
TTO*1
UCA | Z THOUIK
DCA 14 TBOTKRZ
/GONBTANTS
TOLC, =9
T8SA, 0
TESVLK, @
TESVE, ¥
THSVYLN, 2
TEK1, T8IN
TEMNG . )
TBLN, 0
T§K2; =18
TEKS, TBIN*]
TEK5, =g
TEKé, 2000
TEKD, 0

/STARTING LINE={
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3159
152
3153
$154
$158
$156
3157
316p
3161
3168
316F
Jléq
316§
3168
3167
3178
3179
3178
3173
3176

3<ug
€0
5402
3203
3¢B4
$€0B
3€06
3¢07
3618
el
3¢18
3¢13
3¢14
3418
3¢
3¢17
3¢2p
5¢2
3¢29

3223

5€24

wgoe
By70
1871
1141
3378
1772
/1640
5751
1477
0373
1374
7104
8772
2351
5751
0177
]
weovs
0377
1400

¥eoo
60082
7340
1126
7518
5221
3126
2223
5815
1130
3223
1927
5916
1416
§477
1416
2290
6001
5600

pove

poee

/PSEUD OPERATIUNS
/SKIP IF OUTPU) IS PREE gANU TRANSMIT CHARACTER AT TTCHAR

 JOTHERWISE DONT

JLINE NUMBER MUST Bk N ACe 24US MIN, 43US MAX,
TE80F=JMS | Z 1880VI

TBOUTS., @
AND 18K1Y /177
lAD 188L /=STARTING LINE NV,
TAD £ TBRS6 /OUTRPUI BUFFER ABUR
UCA T18HA /WURK AREA
TAD [ TEWA /QUTPUT CHARACTER
SZA CLA /SkIP IF FREE
JMP 1 TBUYTS /EXT
TAD Z TICHAR /PICK UP GHARACTER
AND TBK11 /8 BITS ONLY
TAD T8KI1Z /14p8 FOR STOP COVE
CLL RAL /CREATE STARI CODE
DCA I TBWA /STORE CHARACTER IN TABLE
182 r80QUIS /INDEX EX]I
JMP I TEOUTS FEXT]
TEK1@s 17/ /FUR LINE NUMBER
T8SLs 0 /=STARTING LINE NUMBER
TEWA, 0 /WORK AREA
TOK1 (s 34/ /FUR EIGQHT BIT1 CULE
TEK1R, 1806 /FUR STQP CODE
x[TBBGEN+RY0

/SKIP IF UHARACIER AVAILABLE AND RETURN W[IH LINE NO. IN AC, CH
/UTHERWISE DO NOT SKIFe 15 US MIN, 48 US MAX, $7:2US NORMAL IF |
T8SIRsJMS | Z 18BSIN

TEIN§. 4]
10F
CLA CMA /SET AC 10 =1 FOR TAD
TAD Z THINFL /INPUT FLAG GQUNTER
SPA /SOMETHING AVAILABLE
JMP TEINON FEXIT
DCA Z TEINFL /RESIORE FLAG COUNIER
I8Z 18CNI4 /END OF BUFFER? STARIS Al =N={
JMP o *5 /GET GHARACTER
TAD Z TONL /=NUMBEK QF LINES
DCA 18CNI4g /RESET COUNTER
TAD Z TBHFK /BUFFER ADURESS-1
DCA Z THAXS3 /RESET ADDRESS
TAD I Z TBAXS /PICK UP CHARATER
DCA Z TICHAR /STORE CHARAGTER
TAD I 2 TBAXY® /PICK UP LINE NUMBER
182 TBINS /INDEX EXI|
TEINON, 10N
JMP I TBINS /EXT)
TEBCNT4, ) /=NO OF LINES
JINITIALIZATION
/ENTER WIIH NUMBER UF LINES [N AG
/PFORMAT T8INLT
/ 18T LINE NO,

TOINIT=JMS 1 £ 186U
78608, )



Gl G G G
1YV OHI T IO
@ T &R

B3e
3130
1130
p322
7648
1323
1130
0324
7041
9138
1930
3144
1326
Sp1é
1327
$019
1343
3016
1130
3223
1330
$414
3414
13314
3444
3415
5416
2223
5251
1332
3414
1130
7012
7010
0333
1334
3738
7240
3223
1927
3015
1336
3142
1337
Ip14
1131
3137
1141
3140
7240
1624
5740
1740
7040
$741
5126
7240
3742

AND
DCA
TAD
AND
8ZA
TAD
TAD
AND
CIA
DCA
TAD
DCA
TAD
DCA
TAD
DCA
TAD
DGA
TAD
DCA

T8G0R,

DCA
DCA
TAD
DGA
DCA
DCA
182
JMP
TAD
DCA
TAD
RTR
RAR
AND
TAD
DCA
STA
DCA
TAD
DCA
TAD
DCA
TAD
DCA
TAD
DGA
TAD
DCA
STA
TAD
DCA
TAD
CMaA
bca
DCA
STA
DCA

NN NN N

o=q B et

ot

TBK14
Z TBNL
Z TBNL
T8K15
CLA
T8K16
Z TBNL
TeK1/

Z TONL

7 TBNL

Z TBCONTS
TBKZ0

7 TBAXI
T8KZ1

Z T8AX2
T8KS7

Z TBAXS
7 TBNL
TECN 14
TAD TéK22
1 2 TBAX]

1 Z T8AXI
T8K23

1 2 TeAX!
1 Z TBAXE
1 Z T8AKS
T8CN | 4
T8GU2
TBK24

I Z TBAXI
Z TBNL

TBKES
T8KE6
I T8KE7

T8CN I 4
7 THBBFK
7 TBAX2
18KeB
Z THCNT)
TBKSB

TEAX
TOK?
TBOUTK
TEKIG
TUOTKE

T8GOS
T8K33
TEK33

T8K34
TEBINFL

TEK3S
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/377
/STORE NUMBER OF | INES
/NUMBER OF LINES
/7
/MUL I IPLE UF 8%
/19
/NUMBER UF LINES
/370
/~TWU'S COMP NUMBER UF LINES
/~N» CONSTANI
/=N
/INPUT COUNTER
/TBIN=1
/70 STORE ITl TABLE
/T80BF =1
/To CLEAR OUYIPUT AREA
/T80BF2~%
/7o CLEAR UQUBLE BUFFER
/=N
/FOR COUNTING
/1TI*INUR
/STORE T1}
/ZERU STATUS AND CUUNTER WORD
/ASSEMBLY RESE! WURD
/RESET ASBEMBLY WOHRD
/ZERO OQUIRPUT WORD
/CLEAR DUUBLE BUFFER
/COUNTER
/D0 NEXT LINE
/JMP ] 2 TUKS
/STORE FINAL JUMP
/=N
/DIVIDE BY 4
/DIVIDE By 8
/17
/7760, MAKE NUMBER NEGATIVE
/TaMNGC
/=1 -
/SET COUNTER TO SKIP 18T TIME
/181BF=1
/SET INPUT BUFFER POINTER
/=10
/MAJOR LOQP GCOUNTER
/TOINSI
/SET IT] PUINTER
/Tg0BF
/18T QUTPYUT BUFFER PUOINTER
/T80BF2
/2ND QUTPUT BUFFER POINTER
/=1
/STARTING LINE NU,
/78KY» STARTING LINE NO¢ =
/TaK?y
/MAKE NEGATIVE »
/188Ls =STARIING LINE NOo
/CLEAR INPUT FLAG GOUNTER
/=y
/TaLCy RESET INIERRUPT LEVEL COUNTER
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3919
392p

$v21
Soeg
$2243
3veé
$028
5226
3929
$930
I8
5932
3933
3936
SP9H
AERTY
997
So4g
S04
Svdp
9043

3044
$945
3946
3347
3950
335
3399
$963
3954

vy
YTF,
0oy
Ty

2244
5624

8377
oea7
RN
0379
0ae
9376
4877
6403
2008
5832
@17
7760
$142
7770
9400
9150
9171
9934
4727

CPTT
4534
5351
2344
5744
3377
2744
2344
5744

6431
1462
5404
$guo

182 T8GUS /INDEX EXIT

JMP [ THGOS 7EXI)
/GONSTANTS
TEK14, 37/ /FOR LINE- NUMBER
TEK15, 7 /FOR EVEN MULTIPLE OF 8
TOK16, 10 /FUR EVEN MULTIPLE QF 8
TEK17, 3/ /FUOR EVEN MULTIPLE OF 8
TEK18, | /FOR COMPLEMENTING
TEK20, TBIN=1 /FOR STORING TI]'S
TBK21, THUBF =1 /FOR. OUTPUI AREA
T8KR2, TIi# /TI] ¢ INCREMENT
TEK23, 20w /ASSEMBLY RESE! WURD
THKE4, JMF 1 £ THKS /FOR FINAL JUMP
TBK2B, 1/ /FOUR =N/8
TEK26, 7/60 /FOR MAKINU NEGATIVE
TEK27, TEMNC /FUR =N/%
TEKE28, =10 /FOR MAJUR LOOP CWUNIER
T8K3B, TEIN®I /FOR TI11 POINTER
TBK33, TERY /FOR STARTING LINB={
TUK34, TESL /=STARTING LINE NU,
TEK3S, TOLG /FOR INTERRURT LEVEL COUNIER
TEK37, - T8UBF2=1 /FOR DOUBLE BUFFER

/8KIP IF UHARAUTER AVAILABLE FRQM EJTHER OF TWO TYPES oF LINES
/UTHERWISE DO NOT SKIFe 31,5U8 MIN, 70,5U5 MAX, 60US NORMAL
/1F READY

TESIE=2JMS I Z I18IES

THSE, @
TB8IR /CHECK 8-BIT CODE
JMP 3 /CHECK b=glT CODE
182 T8SE /INDEX EX]I
JMP [ THBE /Xl
TB8IR /CHECK 5-gBIT CODE
JMP ] THSE 7Ex1]
[82 T8Sk /INDEX EX]I
JMP [ TESE /EXILI

PAUSE

/TYPE 680 IELEIYPE LINE MULTIPLEXER 8 BIT
/EXERCISEK
/KFN 10/18/6>

/START AT 120U
/JWITH STARTINGY LINE NUMBER IN SWITCHES
/GOMPUTER WILL HALI

/BET SWITUHES = 1U NUMBER UF LINES
/CONT INUE

/PROGRAM WILL RUN UNTIL AN ERRUR

/1S DETECIED UR UNIIL STQP

/INTERRUP | ROVIINE

X600

INRURT » TYSKP /WAS 1 8 BIT CLUCK
HLT /NOs UNKNQWN [NTERRUPI
JMB T o /YES», PRUCESS INTBRRUPT
T8DIS /TTBBGN
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%1200
10 7604 DUSTET, CLA OS8R /GET STARTING LINE
101 3330 DCA STRLIN /SAVE 1T
1808 7402 HLT /HALls WAJI NUMBER OF LINES
1208 7604 CLA OSR /GET NO OF LINES
1404 3334 DCA NUMLIN /SAVE IT
108 1336 TAD NUMLIN /NO LINES
1208 7891 ClaA /2'S COMPLEMENT
1€07 §335 DCA LINDEX /SAVE FOR CQUNTING
1€1g 1345 TAD LINUVEX /SET VP
1611  $350 DCA NDEX /INDICES
1613 1396 TAD OUTUEX /FOR INIT1AL
1413 1290 TAD STRLIN /SET UP OF
1614 S011 DCA Z 1) /INPUT AND
1616 1340 TAD INPUEX /QUTPUT BUFFERS
1€16 1330 TAD STRELIN
1¢17  $p12 DCA Z 12
1¢2p 1342 DUBFLP, TAU CHARAC /ADDRESS OF CHAR lABLE
1621 9411 DCA I Z 11 /To UUTPUT BYUFFER
1422 1342 TAD GHARAC /ADDRESS TU COMPARE
1623 9412 DCA I Z 12 /CHAR TO INPUT BUFFER
1¢44 2350 182 NDEX /GoV ALL LINES
1¢28 5820 JMP DCBELP /NO
1626 1334 TAD NUMLIN /SET NO OF LINES [N AC
1427 4535 TEINIT /INIVIALIZE TTY
1e3@ ©Ueo STIRLIN, 2 /SIARTING LINE NUMBER
1431 6434 TTBON /TURN cLUGK UN
1652 6001 10N /TURN INIERRUPTS ON
1283 $350 DCA NDEX /GET IN SYNC
1634 2350 182 NDEX
135 9234 JMP =1
1¢36 7300 CLA
1637 1230 TAD STRLIN /FORM STAR! UF
1649 1337 TAD OUTUEX®! /0UTPUT BUFFER
1€49 3343 DCA CURUUT
1e4p 1230 TAD STRLIN /GET FIRST LINE NOo
1643 3344 DCA CURLIN
12644 1335 TAD LINUEX
145 3350 DCA NDEX , 4
144 1743 O0ILOQP, TAU 1 CURQUT /GET POINTER FOR NEXI OUTPUT
1247 3345 DCA SAVCLUR
1€59 1745 TAD 1 SAVCUK /GET NEX! UUIPUT CHARAQTER
1451 3177 DCA Z TICHAR
1452 1344 TAD CURLIN /GET LINE NUMBER
1¢b3 4533 T880F /CHECK FUR FREE OUIPUT
1456 761D SKP /0UTPUT NOI FREE
1456 2743 182 [ CUROU]) /ADD 1 10 CHARACIER POINIER
1€56 1743 TAD T CURQUI
1657 7041 Cla /HAS GURRENT
1€6g 1346 TAD LSTUHR /LINE REAQHED
1661 764D SZA /1WE END QF OQUTPUT
1662 5265 JMR %3 /NO
1¢63 1342 TAD CHARAC /YES RESET PUINTER
1¢64 3743 DGA 1 CURQUI /10 FIRSI CHARACIER
1e65 2343 182 CURVUT /ADVANCE TU NEXT LENE
1266 2344 182 CURLIN /ADVANCE TU NEXT LINE
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1667
1678
XA
1472
1273
174
1278
1676
1€79
1900
1904
19082
1003
1904
1068

<
(=N

1IN GGV IO &)
PO PO — == — — == o —= =2
= @ NV S IR — D~

<
w0
20

10289

1¢4z

194z
1943
19%4

1948
{vdg
1947
1958

1200
2350
5246
4534
5236
3344
1344
1341
3343
1743
3345
1177
0347
7041
1745
7450
5322
7200
1344
7602
7200
1745
7402
7208
1177
0347
7402
2743
7200
1743
7941
1346
7440
5272
1342
8743
5272

baue
wene
2177
2208
2377
2400
16408
bwpoe
opoB
bpue
1836
B377
0ooo

vg15
ve1e

CLA
182
JMP

INLOGP.

JMP
DCA
TAD
TAD
DCA
TAD
DCA
TAD
AND
Cla
TAD
SNA
JMP
cLa
TAD
HLT
CLA
TAD
HLT
CLA
TAD
AND
HLT

INCINP,

CLA
TAD
Cla
TAD
SZA
JMP
TAD
DCA
JMP

NDEX
OTLUUP

STRLIN®®
CURLIN
CURLIN
INPUEX®!
CURUUT
I CURQUI
SAVLUR
TTCHAR
LSTUHR®!

1 SAVCUR
INCINP

CURLIN

I SAVCUR

Z TICHAR
LSTUHR® !

I CUROUI
LSTUHR

INLVOP
CHARAC
I CUROQUI
INLUOP

NYML N, )
LINDEX, @

OUTDEX,

BUFFR

INPDEX,

INBUFR

CHARAC,
CYRDUT s
CYRLIN,
SAVCUR,
LSTCHR,

377
NBEX o

eEe s

BYFFR=2200
INBUFR=24000

/8 BIT COWES QUIRUI

%1400

CUDESB.

218

212

TESIR

182 1 CURUUT

BUFFR=1
INBUFR=1

cubLs

NWLUD# 1

/CLEAR FOR TAD
/TESVED ALL LINED FOR PREE
/NO» TRY NEXT LINE

/ANY INPUT ABAILABLE
QUTPUT AGAIN
SAVE LINE NO¢

/NQO»
IYES

/FIND INPYl FQINTER
/FOR THE LINE
/GET INPUT PUINTER

/GET NEXT INPUT CHARACTER
/37

/CHARAGTER INPUT
/EQUAL CHARAGTER EXPECTEWN
/YES» INCREMENT PQEINIER

/LINE NUMBER TO A(C
/HAL !

/CHARACTER EXPECTED T0 AC
/HAL)

/CHARACTER RECEIVED

/HAL T
/AUVANCE INPUT POINTER

/GET INCREMENTED POINTER

/LINE Al END OF

/INPUT CHARACTERS

/NO» 1EST FUR MORE INPUT
/RESE| INPUT POINTER

/To FIRST CHARACIER
/TES! FOR MQRE INPVYT

/NUMBER OF LINES

/72'§ CUMPLEMENI NY QF LINE&S

/FUR FILLING QUTPUT BUFFER
/FoR GHECKING QUTPUT BUFFER

/FOR FILLING INPUI BUFFER

/SIART QF 8 BI! CUDE®

/TeMP STURAGE BUH'ER POINIER

/TEMP STURAGE OURHENT LINE NO.

/1EMP STURAGE CHARACIER PUINTER

/FUR DETECTING ENY OF CHAHRACTER:
/FoR ANDING [TCHAR

/FOR COULING

BY DeSIeT

/CARRIAGE RETUKN

/LINE FEED
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1460

£
o o
D —

1963

-

14965

ES
o
&

ML
~N o o
@~

1474
14973
1473

0212
Bw324
0310
Y305
040
w3al
03es
0311
0303
8313
0240
0302
0322
0317
b3az
2316
LY
0306
2317
B339
0240
312
p325
0315
0320
08305
VRTL)
240
0317
0326
U]
v3ee
240
0324
0310
2385
0240
03146
0301
0332
0331
LY

0317
B307
0g4a7
vgas
vwaeo
w302
Y3
V303
W31
ve1s
pve12
paee
waet
vwaoea
Dges

218
324
310
308
240
321
328
3t
303
3138
240
308
3223
317
327
316
248
306
317
330
240
312
328
318
320
308
304
240
317
326
3095
328
240
324
310
308
240
314
301
338
331
24p
/D
317
387
247
323
240
jge
3819
303
313
218
212
260
269
262
263

/LINE FEED
/T

/H

/E
/SpAGE
/Q

/J

/1

/C

/K-
/SpACE
/B

/R

/0

/W

/N
/SpACE

/F

/9

/E
/SpACE
/L
/A
/7
/Y
/SpACE

/9

/G
/APOSTROPHE
/S

/SPACE.

/B

/A

/C

/K
/CARRIAGE REIURN
/LINE FEED
‘9

/"

/2

/3

PDP-8 Maindec 826-A
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1476
1478
1476
1477
1209
1264
1208
1203
1904
1205
1206
1207
1219
1214
1212
1213
1214
1215
1216
1217
122p
1224
1222
1223
1924
1228
1226
1227
1239
1234
1232
1283
1234
1238

1999
1909
1008
1063
1004
1008
1006

19607

064
0265
0266
0267
w270
va7 1
0240
041
0R42
0243
0244
Wg4h
0246
0247
'FEY
ves!
V252
0R53
V254
PEL
0256
was7
0272
0R/3
va74
va’s
0276
Bwarsi
0300
0333
BIS4
0335
0336
0337

72048
1216
4535
bpoo
6434
661
4534
5206

264
268
266
267
270
271
249
241
248
243
244
245
246
249
250
254
252
253
254
258
256
257
272
273
274
278
276
277
300
333
334
338
336
NUCOD, 3o/
/YHARACTER ECHU
/START AT 1620

/4
/5

/6

77

/9

/9
/SPACE

/FROGRAM INITIALIZES FOR 128 LINES
/PROGRAM WAITS FOR INFUTS

/IRANSMITS

/THE CHARACTERS RELEIVED
/THEN WAIIS FUR MURE INPUTS
/PROGRAM KUNS UNTIL "si0pP"

/BCHO
/INPUT CHARACIERS
/THEN OUTFUT (HEM

x1600
ECHOTS, CLA
TAD ONEZ28
TBINIT
ECHLIN, )
TTBON
ION
TESIR
JMP e

/AC=128
/SETUP FOR 128 LIN

/LINE NUMBER

/CILOCK ON

/ENABLE INTERRUPTS
/SKIP IFINPUL
/INPUT NOT READY.

£S

WALT

W §1ARIING LINE
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e1g 9215 DCA eCHUEX /SAVE LINE NUMBER
1y 1315 TAD ECHUEYX /GET LINE NUMBER
1@ 4533 T880F /QUTPUT
13 5311 JMP (=2 /NOT FREE TRY AGAN
14 Sgoe JMP ECHLIN®d /WAL) MORE INPUT
18 PPOB ECHDEX, 8
1916 0p00 OoNEZSB, P
"~ /TRANSBMIT AC SHWITCHES
/START AT 1080
/WITH SWIICHES 3 LINE NUMBER
/GOMPUTER WILL HALI
/8W@ = @ COMPVIER WILL NOT GCOMPARE INPUT
/8W@ & | COMPUIER CUMPARES INFUT AGAINST OUIRUI
/W& TO SWI1 2 UHARACIER IRANSM]ITED
/8W0 MAY NOT BE ALIERED ONCE RUNNING
/8W4& TQ SW11 MAY Be ALTERED
/PROGRAM IRANSMITS CARRIAGE REIURN/LINE FEED
/IHE 8W7 10 8W11 64 TIMES
/THEN CARRIAGE RETUKN LINE FEED/64 CHARARTERS
/FROGRAM RUNS UNTIL "5lop"
/TRANSMIT AC SW[ICHES
x2000
2¢90bp 7604 TRANSR, CLA OSK /GET LINE NO
2981 3205 DCA TRALIN /TSINIT*1
2Y0g 7402 HLT /WAll FOR CHARACIER
avey 790 1AC /AG=NO UF LINES (¥
quie. 4535 T8INIT ZINILTALLZE [TY ROYTINES
2VYE: WEVO THALIN, ] /LINE NUMBER
RYDe 6434 TTEON /TURN cLU@K UN
duiy 6o [ON /ENABLE INTEKRUPTS
2Yig Sa7i DCA TRALEX /GET IN SYNC
2wl 2271 182 TRAUEX
2ui1g 5211 JMB o =1
2013 1367 TAD Ké4 /=64
avig 3271 DCA TRAVEX /FOR COUNTING
dvig 172 TAD TRADEXe] /CARRIAGE REIURN
2Y16 9274 DCA TRAGHR /0UTPUT CARRIAGE RETURN
4¥1y 4232 JMB TRAUUT /0UTPUT
2gwag 1273 TAD TRAUEX®Z /LINE FEED
202y $274 DCA TRAUHR /QUTPUT CHARACTERS
2w2a. 4232 JMS TRAUUT /0UTPUT
w2y 7604 CLA OBR /GET CHARACTER IN SWlTQHES
avae 0270 AND THRET7? /CLEAR ALL BUT LWR 8
2028 374 DCA TRAUHR /0UTPUT CHARACTER
dWee 4332 JM8 TRAUUT /0UTRUT
2Ve7 &3/ 182 TRADEX /QUTPUT 64 CHARACTERS
2usg e JMP =5 /1ES! SWITCHES AGAIN
2usy 5213 JMP TRALIN®6 /OUTPUT CAR, RET./LINE FEEU
2U3g 5232 TRAOUT, JHp
Uey. 9000 DCA
2U3q¢ 1274 TAD TRACUHR /GET QUTPUT CHARACIER
2uss 9177 DCA TTCHAR /FOR OUTPUITING
2Use 1205 TAD TRALIN /LINE NUMBER

2usy7 4533 TB8OF
2wag 2333 JMP -5 | /0UTPUT NQI FREEs WRY AGAIN
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2941
2u4g
AY43
2044

2945
avégp
294y
205g
PR
2v53
2u53
2056
2UD5
2954
2uUsy
2960
296
2063
2063
avea
2uos
2066

2067
2v7g
2¥7
2072
2073
2Y74

BUFFR

CHARAC
CUDES

CYRLIN
CYRBUT
DYBFLP
DUSTST
EVHDEX
EVHLIN
ELHOTS
INBYFR
INCINP
INLOOP
INPDEX
INRUPT

Ko
LANDEX
L3TEHR
NUCOD
NLEY
NUMLIN
ONER8
vlLpoe
oYTpEX

7604
7004
7628
2632

4534
2045
7900
1177
0270
7841
1274
76450
2632
7208
1274
7602
7200
1177
0270
76402
7200
5632

7700
8377
Boop
ve15
wate
bouo

2200

1342
1400
1344
1343
1220
1200
1615
1608
1600
2440
1322
1272
1348
0evy

2067
1339
1346
1535
1350
1354
1616
1246
1336

TRASWD, CLA OS8R

RAL

SNL CLA

JMR I TRAQUI
TRAWAT, TOS[R
JMP =1
CLA
TAD
AND
CMA
TAD
SNA
JMP
CLA
TAD
HLT
CLaA
TAD
AND
HLT
CLA
JMPR 1 TRAQUI

TTCHAR
THRE?77
1AC

TRACHR

I THAQUI

TRAVHR

TTCHAR
THRET77

K84, 7704
THRE? 7, 371
TRADEX, e
215
212
TRACHR, )

/81T B TO
/9 SET
/Nps EXIT

/NO INPUT,

/GET SW]ICHES
L INK

/SKIP IF INPUT
WALT

/GET CHARACTER

/CLEAR S10P BI!

/CHARACTER RECEIVED=SENT

7EXL

/HAL]

JHLT

/EXT)

/CARRIAGE

/LINE FEED

1349
1250
2070

SAVQUR
8IRLIN
THRET?
THACHR
TRADEX
THRALEN

2071
2005

2000
2032
2041
2045
8177
6411
6402
6491
6404
L 6414
L 641¢
3000
6438
6434
126
3377
0o1é
6015

THANSR
TRAQUT
THASWD
TRAWAT

2074

/CHARACTER SEN!I

/CHARACTER RECE]VED
/70 LAST 8 BITS

/=04

/FOR ANDING
/FOR COUNTING
RETURN

/CHARACTER STORAGE

TEAXS

TOBFK

T8CNTH
TBCNT2
IBCNTS
1BCNT4
T8COM

TeComo
TOCOM Y
TECOM3
TECOM4
TECOMS
TECOME
TOCOM7
TECOMS
18D18
18D182
1eD183
T8GO

18G08
Teap2
TOIBF
181E8
TOIN

TOINFL

ep16
0127
0142
0143
D144
3223
Jged
K"PL
3032
3037
3045
3063
3191
3116
3128
30u0
3012
3816
2135
3224
32519
4200
2136
3377
B126



TOINIT 4585
TEINON 3221

TUINE 3200

TOK Y 3144

T8K1@ 3170

TEK 11 3173

TeK12 3174

TOK14 3321

TEK18 3328

TOK16 3329

TeKY? 3324

ToK1@8  332b

T8K2. 3144

TUK@®@ 3326

TBKR1 3327

T8K2 3330

TEK23 3339

TOKge 3332

T8Kg® 3333

1. DIAGRAMS (Not Applicable)
12. REFERENCES
12.1 Other Library Programs

Digital-8-35-5-B

680 8-Bit Character Assembly Subroutines

ToKgé
TOKEe7
TOK28
TOK3J
TEK3@
TEK33
TEK34
TBK3B
TEK36
TOK37
TOKS
TOKé&
TeK7
TOK8
T8K9:
T8Lg:
TOLN
TOMNG
TONL-

3334
3335
3336
3145
3337
3340
3341
3342
0141
3343
3146
3147
81314
0138
3150
3134
3148
3142
2130

1508F
TS08F2
T80TKE
180YTK
180yTS
Tu8A
T88¢g
T8S1E
TOSIN

‘TBS IR

188kP
188
TESOF
18S0UT
TESVLK
T8BYLN
188vo
TOWA

D
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4600
5000
0140
0137
3151
3135
3344
4536
0154
4534
6431
3171
4533
0133
3136
3140
3137
3172






