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SECTION |
INTRODUCTION

1-1,  PROGRAM SUMMARY

1-2,  The Hardware Multiply/Divide Test (ND41-8045) is a diagnostic program designed
to check the ND812 hardware multiply and divide circuitry,

NOTE
This diagnostic applies to ND812 Central Processors serial number 236

and up or to earlier processor equipped with the 24 X 12 divide modi-
fication.,

1-3. PROGRAM AREA

14,  This program may reside in any Memory Field octal locations #8200 through @425,

1-5, STARTING ADDRESS

1-6.  The starting address of this program is #2080,

- 1-7.  EQUIPMENT CONFIGURATION

1-8.  Minimum equipment required for proper operation of this progranr; includes:

a. ND812 Central Processor equipped with the 24 X 12 divide modification
(88-0397)

b. ASR33 Teletype and interface (86-0085 and 88-0481).

1-1



SECTION 1l
PROGRAM DESCRIPTION

2-1,  MAIN ROUTINE

2-2. The Hardware Multiply/Divide Diagnostic performs incrementing multiplication and
division operation using three 12-bit values, A, B, and C for the equation

*
-(-A-—‘-g-)-j—-g = A+ C (or as the program defines, A remainder C)

where,

A and B are initially set to 1.
C is initially set to @.

- 2-3., Value A is incremented by one from 1 to 4095, When A reaches the value 4095
B is incremented to two and A is set to one. A will agdin be incremented to 4095, B
incremented to three and A set to one, This sequence is followed until value B equals

4095 at which time C is incremented to one and the entire sequence re=initialized. Thus:

A is incremented from one to 4095 for each increment of B
and B is incremented 4095 times for each increment of C

2-4, Printout provided by this program is in two forms. The first states the values used
when an erroneous answer was computed.

AXB=Z+C/B=XRY

where,

A,B,C, X, and Y are 12-bit numbers
Z is the 24-bit product,

R indicates remainder (X remainder Y)

and
X should = A

Y should = B
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2-5.  The second printout will be automatically provided each time value C is incremented
(approximately every 15 minutes) and contains the accumulation errors, Printout is in the
following form: '

00000071 E
This feature is of value when overnight testing is desired.
2-6. Another feature is included that prevents the program from incrementing any values
when an error condition is encountered. This allows troubleshooting of a particular set of

values if a pattern is detected. Setting the ND812 SWITCH REGISTER Bit g to "1" enables
the feature,



SECTION Il
OPERATIONAL PROCEDURE

3-1. LOADING AND INITIALIZATION PROCEDURE

3-2, The following is a step-by=-step procedure describing the program loading sequence:

a. Load the Hardware Multiply/Divide Test (ND41-8045) into any Memory Field
with the Binary Loader or Hardware Loader, Refer to IM41-0005 for loading procedure.

b. Set the ND812 SWITCH REGISTER to ﬂZﬂ}Z’s and depress LOAD AR key.,

c. Depress the ND812 START key.

d. The program will start and continue to operate until the ND812 STOP key is
depressed.
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SECTION 1V
OPERATOR OR USER CONTROL

4-1,  GENERAL INFORMATION

4-2, In addition to the initiation and termination procedure outlined in Section I, the
value redundancy control is the only operator control, Value redundancy is accomplished by
sefting the ND812 SWITCH REGISTER Bit @ to "1" and causes the program to continually
execute the diagnostic test using the values used when an error was detected. To recover
from the redundancy operation, set the ND812 SWITCH REGISTER Bit g to "@".



SECTION V
ERROR DIAGNOSTICS

5~1, ERROR INDICATIONS

5-2, Detection of an error causes the program fokprim‘:
AXB=Z+C/B=XRY
where,

A,B,C,X and Y are 12-bit numbers
Z is the 24-bit product
R indicates remainder (X remainderY)

and
X should = A
Y should = B

5-3. An accumulative error message is printed for every incrementation of value C and is
in the following form:

00000071 E

e et
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SECTION VI
COMMAND SUMMARY

6-1. GENERAL

6-2. This program does not use keyboard entry command. The only controls are the
ND812 STOP key for termination and SWITCH REGISTER Bit @ for the value redundancy

operation.



SECTION VII
FLOW CHARTS

7-1. GENERAL

7-2. Attached pages 7-2 and 7-3 is a flow chart of the Hardware Multiply/Divide Test.
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Figure 7=1.- Hardware Multiply/Divide Flow Chart (Shee.f 1 of 2)
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Figure 7-1. Hardware Multiply/Divide Flow Chart (Sheet 2 of 2)
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SECTION VIII
PROGRAM LISTING

8-1. GENERAL

8-2, Attached is a copy of the Hardware Multiply/Divide binary listing.



(=2l
/ND41=8n458- HARDWARE

/BIT 6 LOCKS SYSTEM

P gily
a2%1
aeez
p20s
nzgind
n22s
pEes
pga2w?
21y
gLl
peie
213
ne1d
neis
gaie
naiyz

az2a
ar21
pra2
perd

ger4.

pees
p226
0227
Aa230
padl
0232
G233
p234
P28
P36
AR®7
p24c
nedal
ned4z

N4y
8244
p24h
n246
me47
w250
ped1

1510
>3476
1514
85478
*»5478
1710
*»5474
6434
Bn72
2466
GrRg
1524
85466
2464
5662
611¢

3460
6114
3458
3456
6117
1452
1830
5451
5451
239214
5450
6410
7855
5¢51
7¢63%
5u4e
7083
azed
6140

agna
lein
1506
1410

5631

pELQ
9381

#2000
S8TART,
LONP3,

Loar2,
LOOPY,

LIMIT,

MDTEST,
SCOPE,

MULTIPLY-DIVIDE TEST (24X12)

IN SCOPE LQOP AFTER FIRST ERROR

CLR
STJ
CLR INC
5TJ
STJ
CLR
STJ
JPS
LDJ
SMJ
JMP
INC
5TJ
SMJ
JMP
JMP

182
JMP
182
182
JMP
182
SET
STd
8STJ
SuBL
8TJ
JPS
XCT
LDJ
XCT
LDJ
xXCT
305
JMP

2
LJSH
SIN
CLR
LDJ
TWLDK
B

J
MAXREM
J

A

B

J

REM
MDTEST
REM
MAXREM
LIMIT
J

REM

B
LIMIT
LOOPY

A
LOOP2
A

B
LOOP2
MAXREM
J

A

B

i

REM
MDTEST
X2 .
CNTR+{
X3
CNTR
X1

LOOP3

FLAG
A

b W T S N . N

e e T S i e e e e WM NN NN NN NN NMAANNNYNNYN SN

SET J a2 @

SET MAXIMUM LEGAL REMAINDER = ZEROD
SET J 85 1

Ac |

B=s |

SET J = @

SET REMAINDER = ZERO

EXECUTE TEST SUBRNUTINE

CHECK FOR REM AT MAXREM LIMIT

SKIP IF DIFFERENT

REM LIMIT REACHED = GO TO LARGER LOQOP
UPDATE REM

SAVE IN REM

CHECK FOR REM AT B LIMIT

REM LIMIT REACHED » GO TO LARGER LOQP
NO LIMIT REACHED » REPEAT SMALLEST LOC

A+l INTO A, OVERFLOW?

NO, REPEAT MULTIPLY DIVIDE LOOP
YES, SET A =» |

NO, B+{ INTO B, OVERFLOW?

NO, CONTINUE INTERMEDIATE LOOP
YES, INCREMENT MAXIMUM LEGAL REMAINDER
SET J s 7777

SET A = 7777

SET B = 7777

SET J & 7776

SET REM = 7776

QUTPUT CRa LF,

SET J = MS8B OF COUNTER
OUTPUT VALUE

SET J = TO LSB OF COUNTER
QUTPUT VALUE .
QUTPUT E FOR ERRORS

DO OUTER LOOP AGAIN

GENERAL MULTIPLY/DIVIDE SUBROUTINE
LOAD J FROM SWITCH REGISTER

IS BIT @ ON?

NO, SET FLAG = o

YES, SET J = A

SET K = B



nes2
9253
peda
@285
nese
p2az
z26n
pR6y
26?2
R2ET
p2€4
B2Go
B2EG
Ba67
BE7H
ag7zi
n272
nezs
m274
nazs
neze

nR77
n3IEH
a3n1
a3e2
a3m3
B364
PING
p3ne

2307
231
e311
p312
g313
N34
315
0316
n317
n32¢
321
g3ag
A3ed
adz4a
n325
326
n3z27
p33n
0331

1088
502
1323
P
N374
5424
1450
4421
1455
16G4
ieal
1405
6122
5415
nese
azee
1442
614
2AaG4
6332
6711

AnpeG
GRrRoR0)
ngae
geae
Anee
g
Arey
Anegn

1495
5033
*6474
5112
6440
N330
5114
6435
A275
3054
6444
5117
6430
253
5123
64253
@257
5127
6422

Xd,

MAXREM,

X3,

MPY
LoJ
EXJRKS
TWSTK
KV

STJ
CLR
ADJ
§IZ CLR
INC
DIV

812

JMP
STJ
TWSMK
REM
SKIP
JMP
SMJ
JMP®
JMP

@

D

2
@
o
2
a
4]
®

S1Z
JMP
JPS
LDJ
JPS&
330
LDJ
JPS
2753
LDoJ
JPS
LDJ
JPS
253
LDJ
JPS
257
L.DJ

- JPS

Jv

REM

FLAG
SCOPE
AJ

ERR

A
MDTEST
ERR

FLAG
COUNTZ2
CRLF

A

0CTSs

B
0CTS

Kv
0CT
JV
OCTS

REM
0CTS

B8
0CTS

NN NN N

NN NRNTNNSNNN NN NN NN N

b

A.B = , THEN A.B/B

SET J = B

JaLL8B KaMSB Rsy{ S= ALTERED VALUE
STORE RESULT OF MULTIPLY AT KV AND
MSB AT RV

LSB AT Jv

SET UP YO ADD REM

DIVIDE K,J/R, QUOTIENT IN J REM, IN
IS FLAG = @

NO, GO CONTINUE IN SCOPE LOOP

STORE QUOTIENT IN aJ

IS REMAINDER CORRECT?

NO, ERROR, REMAINDER SHOULD = REM
YES, ARE A AND QUOTIENT =?

ALL RESULTS O.K. = EXIT

NO, ERROR THEY SHOULD BE =,

MAXIMUM ALLOWABLE REMAINDER
MULTIRLICAND

MULTIPLIER AND DIVISOR
REMAINDER

PRODUCT OF MULTIPLICATION = LSB
QUOTIENT OF DIVIDE A.B/B

LSB OF COUNTER

MSB OF COUNTER

SKIP IF FLAG NOT SET
NO, GO TO COUNT?2
QUTPUT CR, LF,

QUTPUT A
QUTPUT B

OUTPUT KV
QUTPUT JV



@332
2333
a334
B335
9336
9337
p3an
N34
n342
M343
D344
8345
@3an
@347
B354
na351
p3n2

P35
pasa
wass
Bas6
n3s7
2364

NIER B

Q362
n363
P364

@363
A366
Q367
A374
a371
#3772

p373

n374

Ba75
@376
a377
G406
papy
napz2
p403
pana

naps
n406

ap7s
3127
6417
azaa
1374
6426
il
15p2
1420
3536
1442
3537
1ein
1505
62538
1434
7164

Auae
6411
5048
6435
5304
6433
Hn4q1
8431
351d¢
6311

Bpan
5435
6406
6408
6404
6403
63026

genn

Il
5625
1153
5423
2107
4422
6417

63217

apaE

5012

CoUNT2,

0CTS,

ocT,

KV,

aurt,

CRLF .

275
LDJ
JPS
322
ROTD
JPS
LJISK
SIP
CMP
182
SKIP
182
LJSW
SIN
JMP @
SET
XCT

JP8
LDJ
JPS
LDJe
JPS
LDJ
JPS
182
JMPe

STJ
JPS
JPS§
JPS
JPS§
JMPe

LDJ
ROTD
8TJ
ANDL
ADJ
JPS
JMPe@

LOJ

AJ
0CTS

JK 14
ocT

J
FLAG
CNTR

CNTR+{

J
ALOQPP
FLAG
X4

0cT

K240
TYPE
0CTS
TYPE
K240
TYPE
0CcTs
OcTS

TEMP
ouT
ouT
ouT
auT
ocT

TEMP
J 3
TEMP

K26@

TYPE
ouT

K215

/QUTPUT AJ

~N N

NN NN S

/

QUTPUT REMAINDER
LOAD SWITCH REGISTER

INCREMENT COUNTER , OVERFLOW?
NO

YES, INCREMENT MSB OF COUNTER
LOAD J FROM SWITCH REGISTER
I8 BIT o ON?

YES, SET FLAG = {

/JMP SCOPE s LOCK INTO SCOPE LOOP

NS

N\ ~ NN NN NN N

S

SET J ® 240
PRINT SPACE

EXIY

STORE J IN TEMP
GO TO ouT
L]

EXIT
PRODUCT OF MULTIPLICATION = MSB

SET J = TEMP
SHIFT MSB OF DIGIT INTO LSB

STRIP OFF BITS @=8
ADD ASCII o

QUTPUT DIGIT

EXIT



n4aun7
P41
m411
a412

naLa
nay4
na1s
w416
nayy

n4z2n
wazt
D422
g423
P4aR4
0425

/E3645

6404
S5mil
6402
63A5

anan
7413
7414
6124
683734

92195

#2112
n240
aApan
ApHE
B2ty

TYPE,

K215,
Keia,
K24,
TEHP,
Ka2ha,
ALOOPP,

JFPS
LDJ
JPS
JMP@

a
TCPR
TOS
JMP
JUPE

213
212
240
o

260

LOOP L+

TYPE
K212
TYPRE
CRLF

."1
TYPE

/ OUTPUT CARRIAGE RETURN

NN

EXIT

I8 F
NO,
YES,

NN,

OUTPUT LINE FEED

CLEAR PRINT FLAG,

LAG = 17
TRY AGAIN
EXIT

LOAD FROM J



3E 1319
A

AJ
ALQOPP
B

CNTR
COUNTR
CRLF
ERR

JV
Keld
K215
K240
Ka2gn
KV
LIMIT
LOOPY
Loop2
LOOR3
MAXREM
MDTEST
0cT
0CTs
DuT.
REM
SCOPE
" 8TART
TEMP
TYPE
X1

X2

X3

X4

ER 009

# B8 88 N N H O E U A ROR UL NN N RSN H Y BN

23ae
r3v4
A425
2301
n3ns
1343
A4ns
n3az
2323
N4219
Ba2n
naz22
A424
2374
n22a
aeaz
azes
aane
wer7
AL 43
n36H
w353
w375
23742
B2dd4
w299
A423
Ba1y
313
23114
2321
2268
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