DATA GENERAL
CORPORATION

Southboro,
Massachusetts 01772
(817) 485-9100

PROGRAM

Double Precision Signed Multiply

TAPES

ASCII Socurce: 090-~00001¢

ABSTRACT
This routine multiplies two double precision, fixed

point, two's complement numbers to form a quadruple
precision, two's complement product.

Copyright (C) Data General Cocrp., 1969 093-000010~00
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REQUIREMENTS

1.1

1.4

Memory

1K or larger alterable memory
Eguipment
NOVA central processor

External Subroutines

Unsigned multiply {.MPYU)
Other

None

OPERATING PROCEDURE

2.1

2’3

2.4

Calling Sequence

JSR .DMPY
address of first word of two word multiplier
return

Input Format

One double precision operand must be provided in ACY,
ACl (high order, low order). The address of the
first word of the second operand must be supplied in
the word following the JSR .DMPY.

Ooutput Format

The guadruple precision product is stored in four
consecutive memory locations, highest order to lowest
order. AC2 will contain the address of the first,
and highest order, word of the result.

Error Returns

None
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2.5 gtate of Rctive Registers upon Exit
All accumulators and Carry are destroyed.

2.6 Cautions to User
None

DISCUSSION

3.1 2lgorithms
The sign of the result is initially determined
according to the algebraic rules for multiplication
of signed numbers. The absolute values of the
operands are used to determine the absolute value of
the result. 1If necessary, this result is negated.
Assume the absolute values of the operands are:

2%%16 * A + B

and 2%%¥16 * C + D
The product of these operands is:
2%%32 ¥ Nk C + 2%¥%¥]6 ¥ B ¥ C 4+ 2%¥%16 * A ¥ D + B ¥ D
where the single precision products can be formed
using the unsigned multiply routine. Thus four
single precision multiplies and three additions are
required to compute the result.

3.2 Limitations and Accuracv
The routine is exact.

3.3 gize and Timing

Double precision multiply and double precision divide
are supplied as one routine. The size for both
routines is 213 (octal) words.

The average execution time is 257 U seconds in addition
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to four unsigned multiplies at 340 M seconds each.
Total average time is, therefore, 1.62 milliseconds.

3.4 References

vrite~up 093~00001l1 describes the double precision
divide subroutine which is provided along with .DMPY.

Vrite-up 093-000015 describes the unsigned multiply
routine.

3.5 Flow Diagrams

Not applicable

EXAMPLES AND APPLICATIONS

An ASCII source tape (090-000016) of .DMPY is provided
with the NOVA software. This tape should be edited into
a user routine that requires double precision multipli-
cation.

PROGRANM LISTING

A listing of .DMPY follows. No origin has been given,
enabling the user to edit this routine anywhere into his
program.




29209
30291
zesez
boeas
LEe54
G880
20986
22567
0o2ig
goeit
2asi2
22813
pesia
g8e1s

29g16
Bao17
Cguzo
zeazi
Bwoez2
vesz3
goe24

Bynes
22926
Qesey

@we239
20031
29222
@833
Ged34

2uD35
29336
gaa37
bla4e
2uB41
@guaz
22843
20644

854876
122422
BG40
G407
844198
834276
2ig876
235420
B21400
225421
9G4845
151240
152508
858114

QaBidl
44182
B3vi199
266513
DE4100
B24181
086114

Baea77
Q48877
121482

v24182
26114
ga4162
424101
Bo61ia

238077
147822
123420
$aglez
B34129
214118
BeBos56
$0oBses

e DMPY 2

SIGNEY UOUBLE MULTIPLY

MULTIPLIES [w) SIGNED, DOUBLE PRECISION NUMBERS

INPJTs

QUirdls

Db IN ACO (HIGH URDER)s AC1 (LOW ORDER)

22 POINTEY TO 8Y WORD AFTER JSR

s MY

wizde IN STURAGE POINTELD TO 8Y AC2
ACZ POINIS TO HIGHEST OrRDER

CALLING SEQUENCE:

SO

s YMPY

ADPDRESS OF wu2
Hefu=N

PDESIROYED:

REQUIRES?

STA
suUB
Josr
STA
SiA
Lus
IsZ
LA
LA
Lua
SOR

ALL ACS AND CArRY

oMPY (UNSIGNED MULTIPLY)

32 oBLE3
222

By -1iiey/
BseBC1E
iseB0ide]
d2eB0G33
s BLE3
224823
Ba2dsl
1153

e BE52

Movr 2.2
SUBl, 2.2

Sia

Ry
=TA
LA
Jur
SiA
LUA
JER

LUA
5fa
MOV

LUA
JER
STA
LLA
Jor

LA

228013

BreBL1G+2
leedCidegd
2reBLid+1
g-,8034

laeBUiB+1
1280102
8.8C31

2se8BC10
BsepBL10
1.9

1oedClg+3
B.8031
12801443
ipeBC1G+2
8.8C31

2,08C18

ARLE 2215520
INCE 2.8

Lua
Lua
3 F 3
JHp
Jug

25+BC14+3
SeeBli4]
+ 8013
28853
+BE5S4

3
3
3
3

W s e e

s we Sue

e Be We W W WO e W We BE W We W e0 os we Yes

e we Wo

SAVE RETJURN

CLEAR RESULT FLAG WORD
FOrRM ABSOLUTE VALUE OF D1
SAVE AB3(ulL?

RESTURE AC3

BuUMS PAST ADUNRESS CONSTANT
GET ADLURESS OF 02

GET vl

FORM ABS0LUTE VALUE OF D2

2 FOR RESULT MINUSs | FOR
PLUS

SAVE ABBL2?

DICLOW) % D2CLOW
UNSIGNED MULTIPLY

STORE LOWEST ORDER OF RESULT
DICLOW) = D2CHIGH)

ALD HMIGH ORDER [0 FIRST CROSS
PRODUCT

D1 {HIGH)

SAVE HIGH ORDER OF 1ST CROSS
LOW ORDE® [0 BE ADDED IO
SECOND CKROSS

D2CLOW) * D1 C(HIGH)

SECOND CROSS PRODUCT

2ND LOWEST ORDER OF RESULT
D1CHIGH) * D2(HIGH)

ADD HIGH ORDER OF CROSS 7O
HIGH ORDER MULTIPLY

ADD HIGH ORDER OF 1ST CROSS

GET LOW ORDER RESULIS
[EST S5IGN OF RESULT
NEBATIVE, = NEGATE RESULT
POSITIVE - STORE RESULTS




St

29945

60046
62847
00050
20051
22052
20253

22854
268353
88256
sees7
20262
20861
gesez
80863
A G
82865

g2e6é
28867

- genTe

8oB71
goe72
228173
Go274

BBE7T5

ENIRY AT
3 in

o

3 ENTRY AT

191113
£814008
15148¢
124424
tecesl
108460
2614068

161113
aecgss
174484
158261
1564964
124821
{24464
1egast
1824635
ig1560

248277
844100
850161
@541¢2
1g1002
@geias
g39115

202276

3 ENTRY AT

«235@ FOXMS ABSOLUTE VALUE OF NUMBER
ACY» ACT ANU INCREMENIS AC2

+BB56 NEGATES ACG, ACI AND INCREMENIS AC2

eB251 MNEGATES ACZ, ACH

« BB2@: MOVLE B,8.3NC

JHp
o B8543 INC

@53
222

«BB51: NEG l-.125£R

COM 2:8.534P
NEG 250
SHP 823
: ENTRY AT BHS2 FOHMS ABSOLUTE VALUE OF NUMBER
3 , i 680G, ACI. ACZs, ACS
7 ENTRY AT 8553 FORMS QUADRUPLE NEGATE
3 ENTRY AT BB54 STOHES THE ACS IN A BLOCK STARTING
b AT «BC1G
3 IF oDMPY CALLED THE ROUTIMEs CAXRRY WILL BE EERO
2 IF +RODIV CALLED THE ROUTINE, CARKY WILL SE NON-ZERO

+BB523 MOVLE ©.,@8,5NC

JSHEF

« 2254

«BB53: MNEG 35355#K
COM 2,2:3KP
NEGC 2-,2552K
COM 1s1a5KP
NEGC 121,82R
CoMC G sSKP
NEGC D,2,5NR
MOVE 8.9

«Bi334s 57A
s5TA
s5TA

GseBC12
1sB8C13+%1
2s.8018+2

STA 32801243
MOV B28:57C

JMP
«BB33: LA

JMP @.BLO3

RETURN 1O DIVIDE ROUTINE
POINFER TO MULTIPLY RESULTS
OR DIVIDE REMAINDER

RE FURN

eBC28
2p 83032

W e Lo s
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2% ¢

BeeTs

2otie

gill
vatiz
gY113

@a114
BB11i5

802Bv4
“edvoa
Qoas2
Beguval
bYoYwHY
BYBLI8
6299241
Bvog214

2e0215,
090871

= BLB33
o1
«+H01132
«BLIZ2
o132
2830143
+BL2U3
«BL3a2

«BC312
«HBL32:

+BLK 4

sHLK 2
sBLK 3

41

o MPYU
MPYA
283019

We We We We e We e s W Yo

LY

e e

SAVE NETURN

SAVE A5

RESULTS OF #MULTIPLY.

OR REMAINDER OF DIVIDE
SAVE ABsdys

TEMPORARY STORAGE

SIGNS OF UUU./REMAINUER
FLAGS.

OR SIGHN OF MULTIPLY RESULT
ITERATION COUNT WORD

ITERATIUN FOR DIVIDE (333
UNSIGNED MULTIPLY

UNSIGNEYD MULTIPLY AND ADD
POINFER TO RESULTS



ee?

02116
20117
€2120
esr21

egia2
80123
ge124

62125
28126
88127
@d13¢9
62131
ge132
€2133
28134
28135

e e s e

254076
258e77
152628
824345

942183
B4a4104
1551280

222077
221290
igiiie
175420
454110
825621
235683
g3igez2
820854

L] e e e U We W W Wo e o

s

W o We W

eDDIV: STA 3,.BC43

eB8C%%¢ SIA @,.8011

SIGNED DOUBLE DIVIDE
DIVIDES TWO SIGNEDs MULTIPLE PRECISION NUMBERS

INPUTs DIVIDEND (Uds A QUADRUPLE PRECISION
THO'S COMPLEMENT INTEGER,
POINTED TO (HIGH ORDER WORD)> BY AC2
AND OCCUPYING FOUR CONTIGUOUS MEMORY LOCATIONS

DIVISOR (V2>» A DOUBLE PRECISION TWO'S
COMPLEMENT WUMBER IN AC@, AC1 (HIGH, LOW)

QUTPUTS UBaU1 ,U2,U3/VEsV1
DOUBLE PRECISION, SIGNED QUOTIENT IN ACG, ACH
(HIGHs LOW)

DOUBLE FRECISION SIGNED (SAME AS DIVIDEND)
REMAINDER POINTED TO BY AC2 (HIGH, LOW)
CALLING SEQUENCE:
JSR «DDIV
RETURN
ERROR CONDITIONS? IF ABSCUB,UL) >= ABSCVBLV1)

CARRY WILL BE
SET AND RESULTS UNPREDICTABLE

IF THE QUOTIENT HAS AN ABSOLUTE
VALUE »= 2#%31, :
CARRY WILL BE SET AND

RESULTS UNPHEDICTABLE.

DESTROYED® ALL ACS AND CARRY

RIVISOR
SAVE ABS (V)

$ SAVE RETURN :
STA 2,.BC18 3 SAVE ACZ TEMPORARILY
SUBZR 2.2 $ CLEAR FOR RESULT SIGN FLAGS
JOR «BB239 3 FORM ABSOLUTE VALUE OF
3
3

STA 1,+BC11¢1
POSITION DIVISOR SIGN TO BIT

MOVEL 2,3 s
3 14, SET CARRY

LDA 2,.8018 3 RESTORE ACZ

LDA 28,2 $ GET DIVIDEND

MOVL# G»3sS2C

INC 343

STA 3s5.2C13 $ SIGN FLAGS ARE SET

LDA 1,152

LDA 33,2

LDA 2,22 ,

JMP «BBS52 5 FORM ABSOLUTE VALUE OF

3 DIVIDEND (NCTE CARRY SET)
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@86136
28137
Y149
“wglai
Yol 42
géi1 42
Bl 44
@ot4o5
B2146
gatal
Boibd

22151

paise
BYi53
65154

42155
geioss
86127
gei6¢
2a161

pe1ez
Bg163
©é164
B3165
ol ée6
a1 67
yaiie
Ba171
Bgriz
Ba173
Bulil4
@Bei1Is

82176
o177
b82¢9
BY261
22282
Ba243
bgz2d4
B22e5
B@24é
Bis24d7
29219
86211
yvz212

B938163
B341d4
142433
BEY145
142633
166432
gez2eie
4343112
G34111
1401828
BUB166

166423

142021
142420
gavies

125106
191120
B39103
B34164
142413

2081656
142415
166412
Baeisi
@34102
©38191
175199
151194
goll
¥54102
Bi4alll
Badins

B34119
151202
Bdpasai
G487
Y4419
b28191
Bw241902
115142
Bo2a76
151292
BB4659%
141620
QQBv74

«BLIB S

< BL87:2

e BLIG:

LA Z2eeC11
LUA J328011+1
SUBAS 229,580
SHE a4

ADCZE# 258, 5N0

SUBZ# 3s51.020

JiP €.8C483
LA 3. .83029
STA 3se0(14
MOVE 6.0
JMP . BLIG

SUBE 3s.1.5NC

ADCE 220,5KP
SUB# 2,0
JMP «BL9Y

MOVYL 1s1

MOVL 6,0

Luf Z2s.8011
LDA 3s,.B8CH1+1
SUBHE 2205 5N0

JMP -BL93
SUB# Z2.0,5NK
SuUd 3512520
JMP «BC89

LDA 38010 +3
LDA 25801042
MOVL 3.3

MoV, 252

STA 2,.8010+2
STA 3se8018+3
PU5E «BC14

JMP < BCBH

LUA 25,8013
MIVH 22040
Jor <Huhé

STA GsaeBl1B
STA 12801841
LA daa.0018+2
LA leemeivded
MUVL 832540
SR @.8U43
MoV 2222340
Jor eibhl
MUVE B0

JMP e HH55

W e e we

we

W e We

GET DIVISUR FOR EXRUR TEST

ERRUR IF Jdsul >z Yid,Vi

ERROH,
+33
STORE LOOP COUNT
CLicAr CARRY

LCARRY I3 SET

SUBTRACT DIVISOR FROM HIGH
DIVIDEND

GET DIVISOR
Wikl DIVISOR GO INTO

DIVIDEND
NO

YES

SHIFT DIVIDEND AND QUOTIENT

NOLD puUNE YET
GeEl FLAGS

NEGATE REMAINDER, INC AC2

Anp Sfone 1T

GEf QUOTIENT

TEST FOr »>2%%31

fESs CARRY SET FUR ERRUR

NEGATE QUOTIENT
CLEAR CARRY
R TURN
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