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Double precision signed divide
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This routine divides a quadruple
precision, two's complement
dividend by a double precision,
two's complement divisor. The
results are a double precision
quotient and remainder, both in
two's complement notation.
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1. RECUIREMENTS

1.1 Memoxy

1.2

1.3

1.4

1K or larger alterable memory
Equipment
NOVA central processor

External Subroutines

None
Other

None

2. OPERATING PROCEDURE

2.1

@alling Sequence

JSR JDDIV
return

Input Format

The double precision divisor must be in ACH,
acl (high order, low order). The quadruple
precision dividend should be stored in four
consecutive memory words, hichest order to
lowest oxder. AC2 must contain the address
of highest order word of the dividend.

Output Format

The double precision quotient is returned

in ACY%, acl (high order, low order). Its
sign. is determined by the algebraic rules

for signed division. The double precision
remainder is stored in two consecutive

memory words, the higher order word first.

AC2 will contain the address of the higher
order remainder word. The remainder is signed
as the dividend.

Error Returns

If the magnitude of the quotient would exceed



-3

2%¥%¥31-1, an error condition exists, Carry

is set, and return is made with unpredictable
results. For legal divisions, Carry will be
zero on return.

State of Active Registers upon Exit

All the accumulators and Carry are destroyed
by .DDIV,

Cautions to User

None

3. DISCUSSION

3.1

3.2

3.4

Algorithms

The routine remembers the signs of the dividend
and divisor for computing the signs of the results.
Using the absolute values of the operands, the
routine performs 32 iterations. Each iteration
determines whether the divisor is contained in

the dividend, sets a cuotient bit accordingly,

and computes a new dividend. After 32 iterations,
the new dividend is the remainder, and the double
precision guotient has been computed.

Limitations and Accuracy

The routine is exact for quotients of magnitude
less than 2%%31,

Size and Timing

Double precision divide and double precision
multiply are supplied as one routine. The
size for both routines is 213 (octal) words.
The average execution time for a signed double
divide is 2,.¢8 milliseconds,

References

Signed double multiply is provided with the
source of .DDIV and described in 093-000010.




3.5 Flow Diagrams

None

EXAMPLES AND APPLICATIONS

An ASCII source of .DDIV (090-000016) is provided with
the NOVA software. The user can edit this tape into
his source for any problem requiring double precision
division.

PROGRAM LISTING

A listing of .DDIV follows. No origin has been given
in order to enable the user to edit this tape anywhere
within his routines.
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MULTIPLIES TwO SIGNED, DUUBLE PRECISION NUMBERS

INPUT 2 21 IN ACO (HIGH ORUERDY: AC! (LOW ORDERS
Pz PUINTED TO BY WURD AFTEXR JSK .DMPY

Gudirgl: pixuzZ IN STORAGE PUINTEL [0 8Y AC2
ALZ PUOINTS TO HIGHEST OMUER
CALLING SruubNUE:
JOR s MPY
AVURESS UF o2
He fUrnN
BESIROYED ALL ACS AND CARRY

REWJIRES: =MPYU {UNSIGNED MULTIPLY)Y

SUMPYs  STA 35.8083 3 SAVE RETURN
SUB 252 3 CLEAR RESULT FLAG WORD
JSK eBHSE 3 FORM ABSOLUTE VALUE OF DI
STA $s.8C10 ; SAVE ABS(D1)
STA 1,.8014+1
LUA 358083 3 RESTURE AC3
I3 .BCa3 3 BUMP PAST ADDRESS CONSTANT
LUA 32053 3 GET ADODRESS OF 02
LDA 3,453 3 GET Ul
LUA 15123
JSr < BE5Y 3 FURM ABSOLUTE VALUE OF D2
MOVR 252
SUBL 2.2
SEA 2508013 3@ FOR RKESULT MINUSs 1 FOR
3 PLUS
SIA GseBLlu+e 3 SAVE ABS(U2)
SFA losnBl10+3
LUA 25.8B018+1 5 L1CLOWY % D2(LOW)
JSK 8.803¢ 3 OUNSIGNED MULTIPLY
SIA 158016041 3 STORE LOWEST ORDER OF RESULT
LOA 15.8018+2 5 UICLOWY # D2(HIGH)
Js5x @.BC31 3 ADU HIGH ORUDER O FIRST CROSS
3 PRODUCT
LUA 2,.8010 3 DICHIGH)
STA Gsenlla 3 SAVE HIGH ORDER OF 1ST CROSS
MOV 1.0 3 LOW ORDER [OQ 8£ ADDED [0
3 SECOND CRUSS
LDA 1,.3C10+3 5 D2CLOWY * D1 C(HIGH)
JSK B.HC31 3 SECOND CROSS PRODUCT
STA 1:.8010+3 3 2ND LOWEST ORDER OF KESULT
LUA 1seBL10+2 3 DICHIGHY % D2(HIGH?
JSK 8.8031 3 AUD HIGH ORUEN UF CROSS IO
‘ 3 HIGH ORDER MULTIPLY
LUA 2,.8BC1¢ 3 AUD HIGH ORUDER OF 1ST CROSS
ADDZ 2315520 ‘
INCZ @58
LDA 25 e8019+3
LOA 3, 8C1Y+] 3 GET LOW UKDER RESULTS
DSZ +8013 5 TEST SIGN OF RESULT
JMP .BBS3 3 NEGATIVE, - NEGATE RESULT
JMP 8BBS54 3 POSITIVE -~ STORE RESULTS
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AL o8pbY FURMS ABSULUNE VALUE OF NUMBEK
IN 80U, AUL ANy INUREMENTS AUZ

AL +BUED6 NEGAIES ALY, AUL AND INCREMENTS ace

AL BHST NEGATES ACZs ACT

MUVLA davsSNg
SMP E. 3

ING Zs2

NEG 121,08K
CUM dads SKP
Nl Bed

JME de

AL «8B52 FURMS ABSULUTE VALUE OF NUMBEK

iN ACE, ACLs A

Al .8B53 FurMs

U2

AG3

SUADRUPLE NEGATYE

Al eBE>4 STURES [HE ACS IN A BLUGK STARTING

i ewUlY

IF «pmPy CALLED [HE

IF e DUIY CALLED IHE

MUVLY @i SN0
JMFP e HHS4

MG dsds8ER
LUM 22 nKy
NEGL Za2 s 55K
QUM 151s5KP
NEGU 15l 258K
GUMEC s 5KP
NEGU Bevs o

MOVE deid

SUA BseUiy
SEA laedUlig+d
SEA Peenlil+l
SEPR Jee8HU18+3
MY YaldensAu
JMEP o2

Luh ZeeHulz

JMP 8Lyl

HUJTINE, CARRKY WILL BE 25RO

ROUTINE: CARKRY WILL #BE NUN~ZERU

We  Wwe Wy we

rE CURN FO DIVIUE xUUTINE
POINTax O MULUIPLY RESJLES
U BIVIDE xEMA INDER

=SETURN
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SAVE RETUEN

SAVE ABS(USS

RESULTS OF MULTIPLY.

OR REMAINRER OF DIVIDE
SAVE ABS (V) '
FEMPORARY STORAGE

SIGNS OF QUO./REMATINDER
FLAGS .

U SIGN OF MULTIPLY RESULY
ITERATION COUNT WORD

ITERATIUN FOR DIVIDE {337
UNSIGNED MULTIPLY

UNSIGNED MULTIPLY AND ADLD
POINTER TO RESULTS
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SIGNED BOUBLE DIVIDE
DIVIDES Twl SIGNEUD,. MULTIPLE PRECISION NUMBERS

InNPdr: DIVIDEND (U3, A QUADRUFLE PRECISION
TWO'S COMPLEMENT INTEGERS
POINTED TO (HIGH ORDER WORDDY BY ACZ

DIVISOR (¥)s A DOUBLE PRECISION TWO'S
COMPLEMENT NUMBER IN AC@, ACY (HIGH. LOW)

OUiPUTs JidaUl,U2:U3/VE5V1
DOUBLE PRECISION: SIGNED @UOTIEND IN ACHS, AUI
{HIGH, LOW?
DOUBLE PRECISION SIGNED (SAME AS DIVIDEND)
HREMAINDER POINTED TO BY ACZ2 (HIGHs LOW)

CALLING SEJUENCLE:

Jor 2RIV
RETURN
ErRnUr CONDIFIONS: IF AB5WWZ,ULY »>= ABSVBsV1lJ,s
CARRY WILL BE
SET AND RESULTS UNPREDICTABLE
IF THE QUOTIENT HAS AN ABSOLUTE
VALUE >= 2%%31,
CaxkyY WikLL 8 SET AND
RESULTS UNPREDICTABLE
DESTROYED: AL AGD AND CARKY

«DRIV: STA 3,.BLUS F SAVE RETURN
STA 228010 5 SAVE ACZ FTEMPORARILY
SUBER 2,2 : CLEAR FOR RESULT SIGN FLAGS
JER e BHDE FOFURM ABSOLUTE VALUE OF
P BDIVISUK
»BLIFe STA Useo0il 3 DAVE ABS(VI

5TA 1s=B01141
MOVEL 253 POSITION DIVISOR SIGN TO BIT
t4s SeED CARRY

Res fOKE AC2

GET wlIVIoEND

LA Zeeniii
LA Ps8.2
MOVLFE Ps8.540
ING 3.3

STA 28013
LDA 1sl.2

LOA 3:322

LA 2:258

AMP s BE52 3 FORM ABSOLUTE VALUE OF
DIVIOEND (NOTE CARKY S5ET)

Mw o e tee  Spe

SIGN FLAGS ARE SET

]

ew



28136
28137
vo149
ggial
gg142
24143
Bata4q
BB145
22146
gaiai
BB158

98151

8152
BU153
04d154

BB155
82156
#3157
va16u
22161

0a162
0163
83164
2o165
gd1é6
Ba167
G@170
88171
328172
Ber3
o174
28175

20176
aa1717
89208
Boaai
eB262
88263
pe294
CB82es
BB266
Bg287
28219
49211
gBi2

230183
34124
142433
geB145
142833
166432
8824176
$34112
B54111
191929
geBi6s

166423

142821
142429
eegi166

1251668
141128
B32123
434164
142413

288166
142415
is64i2
BOg151
34102
239181
175120
151199
853181
254182
Gi4111
209155

930110
isiz2ge
@a4247
246877
44189
B28181
gzaioe
iibige
BB2a76
151282
BB4859

»BL98:

3 -10-

«BCBE:

+BLID:

igigz2e -

Boud74

LA Z2,.8011
LA JdeBC11#+1
SUHZE# 2:,85,3NC
JMP e+ 4

ADCE# 2:0535NC
SUBEY 321:52C
JMP @.BCAS
LDA 3, .HE28
S5TA 33,8014
MOVE @,8

JMP < BL99

SUBZ 35,1580

ADCE 2.,0:5KP
SUBZ 2.8
JMP .BC92

MOVL 1.1

MOVL @s8

LDA Z2:.8BC11
LA 3se8C01141
SUB# 2295580

JMP .BLC98
SUBH 2:8-508K
SUB# 351520
JMP < B{UES

LA 3,.BL16+3
LDA Z2s:eBL18+2
MOVL 323

MOVL 252

STA 2,.BC102
STA 3,-.BC1@+3
D32 .BC14

JMP . BL8Es

LA 25.8B013
MOVE Z2s52253£C
JSE .BB56

STA @,.8010
SiA 1801641
LUA Bs.BC1d+2
LA 15.BC14+3
MOVL 9232520
JMP @.8043
MOVR 2525320
JSKR «BEL1
MUVE G.0

JMP s BB5S

Y fwe e ew

We e ‘es

e tag

o

GET DIVISOR FOR ERHOR TEST
ERRUR IF U@.Ul >= Va,Vi

ERRORs CARRY 15 SET

#33
STORE LUOP COUNT
CLEAR CARRY

SUBTRACT DIVISOR FROM HIGH
DIVIDENU

GET DIVISOR
WILL DIVISOR GO INTO

DIVIDEND
NO

VS

SHIFT DIVIDEND AND QUOTIENT

NOT DONE YET
Gei FLAGS

NEGATE REMAINDER, INC AC2
AND STORE IT

GET QUOTIENT

TEST FORrR »>2%%31

YESs CARKY SET FOR ERROR

NEGATE QUOTIENT
CLEAR CARRY
RETURN
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