LLL 111111111 BB8BB8BB8B88BBB RRRRRRRRRRRR TTTTTTTTTITITTITIT LLL
LLL ITI1I111] 888888888888 RRRRRRRRRRRR TTTTTTITTTTITITTIT LLL
LLL 1111111 BB88B88BB8BBBB RRRRRRRRRRRR TTTTTTITITTITITITT  LLL
LLL 111 888 BBB RRR RRR 177 LLL
LLL 111 888 BBB RRR RRR 177 LLL
LLL 111 888 BBB RRR RRR 177 LLL
LLL 111 888 BBB RRR RRR 17T LLL
LLL 111 888 BBB RRR RRR 17T LLL
LLL 111 888 BBB RRR RRR 177 LLL
LLL 111 888888888888 RRRRRRRRRRRR 17T LLL
LLL 111 B88B8BBB8BBBBEAB RRRRRRRRRRRR 17T LLL
LLL 111 B88B8BBBBBBBB RRRRRRRRRRRR 17T LLL
LLL 111 888 BBB RRR RRR 177 LLL
LLL 111 888 BBB RRR RRR 17T LLL
LLL 111 BBB BBB RRR RRR 177 LLL
LLL 111 BBB BBB RRR RRR 177 LLL
LLL 111 BB8 BBB RRR RRR 177 LLL
LLL 111 888 BBB RRR RRR 17T LLL
LLLLLLLLLLLLLLL IIII1111] B8888BBBBBBBB RRR RRR TT7 LLLLLLLLLLLLLLL
LLLLLLLLLLLLLLL IT1111111 888888888838 RRR RRR 177 LLLLLLLLLLLLLLL
LLLLLLLLLLLLLLL ITIIIIIII B88B8BBB8BBBBBB RRR RRR 17T LLLLLLLLLLLLLLL
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000000 TTTTITTTTT $SSSSSSS PPPPPPPP KK KK DDDDDDDD 111111 vV W LL The
000000 TTITTTITITT §SSSSSSS PPPPPPPP KK KK DDDDDDDD 111111 vV W LL
00 00 11 $S PP PP KK KK DD ) 11 vV W LL MA(
00 00 14 $S PP PP KK KK DD DD 11 vV W LL
00 00 1 S PP PP KK KK DD DD 11 vV W LL
00 00 1 $S PP PP KK KK DD DD 11 vV W LL
00 00 T $555SS PPPPPPPP  KKKKKK DD DD 11 vV W LL
00 00 1 §SSSSS PPPPPPPP  KKKKKK DD DD 11 vV W LL
00 00 T SS PP KK KK DD DD 11 vV W LL
00 00 17 SS PP KK KK DD 1])) I! Vv vv LL
00 00 T SS PP K KK DD DD 11 W W LL e
00 00 T SS PP KK KK DD 0D 11 W oW LL A
000000 7 $55555SS PP KK KK DDDDDDDD 111111 vV LLLLLLLLLL gl
000000 14§ $SSSSSSS PP KK KK DDDDDDDD 111111 vV LLLLLLLLLL s
LL 111111 $5555SSS
LL 111111 $SSSSSSS
LL 11 $S
LL 11 SS
LL 11 SS
LL 11 SS
LL 11 $55SSS
LL 11 $SS3S5S
LL 11 $S
LL 11 SS
LL 11 SS
LL 11 33
LLLLLLLLLL 111111 $5555SSS
LLLLLLLLLL 111111 $SSSSSSS
|
|
|
|
|
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routine:
OTSSDIV_PK_LONG

facility:
VAX/VMS OTS runtime Llibrary.
abstract:

Runtime routine porforms fixed decimal (packed dec1nal) division.
The routine is called when preciston and sca @ re?u renents for
the quotient inply nultiele precision division. The routine

only called when such mu t1p e precision di ision is re uired and
when the divisor has a precision of 30 or dociaal d

(Call otstdlv pkshort if  multiple precisi g sion is
required and the divisor has precision less than 30 docinal digits).

author: Peter Baum 30-jun-1980
modifications:

QOO0 COO0OOOCOOO0COO0OO0O0OOOOOOOO

OO0 O0O0O0OOOO0O0OOO0O0O0O

1-001 Debess Grabazs 5-March=-1984
Change PLI routine to 0TS routine.
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this routine is called if b > 31 and d < 2

Prior to the call:
f ¢ not 0 then shift x left by c.
Thus x is a 31 digit packed decimal.

0 .
8§ documentation file: THEORY.MEM :
§ functional description:

2 This routine calculates:

8 2=x/y

0 let a = scale(2) + scale(y) - scale(x) = 31 + grec(x)

0 b = scale(2) + scale(y) - scale(x) + prec(x

0 c = §1 - prec(x)

8 d = 31 - prec(y)

0

0

0

0

0

input:
OCap) # of arguments
4(ap) address of dividend (shifted Left by c)
8(ap)  address of divisor
12(ap) precision of divisor (high order bytes zeroed)
16(ap) address of quotient
20(ap) precision of quotient (high order bytes zeroed)
24(ap) a as defined above(high order bytes zeroed)
output:

quotient returned at address specified by 16(ap)

optimization notes:

1) Optimized for speed, not space.
g; Optimized for 0
4)

(=lel=lolelelelelel=i=d=l=l=l=lclelelelelelel=]

> 0.
Assumes speed ¥or register to register operations are the same
for byte operations and Longword operations,
Many packed instruction sequences were timed. Do not change
unless actual tests are made to determine relative speed.
Tests were made on 11/780 and Comet.

L=ttt bbb =l == mlelelel=lelelelelelalelelalelelelelelelelelelel]

possible optimizations:

1) currently we always calculate the next 15 digits each
iteration and then truncate the last iteration as part of
the final step. We might be able to go through making
calculations with fewer digits on this last pass.

=ldlelelelelelelecleleleleleleleleclalalelalelclalealalalalclelelelelelelelelelelelelelelelelelelelelelclelelelelele]
— e e e = O DO O OOOOOOVOVOVVOVOVOVOVVOVOOOOOOOOOOAOD NN NN NN NNNNOOOO OO ONONONONVWN
NN = O OO N WS NN = OO 00 NN N S AN = OO 00 N0 N SN N =2 © O 00 N OM N S5 AN ~2 OO 00 NN WL ES N — OO0 00
MR T ETETTTTTTTTTTTTmMmMTmmMmMrmmMMmMmrITTIrTrr" " TTr’'’Tr!'"r'’'TT"mmrmMmlrl’l’€Tl’T’'T’'T’T'T’'r

[=llelelelelelelelelelelelelelelelelelelelalelelelelelelelelelelealalalelelelelelelelelalelelele]

(= l{lelelelelelelelelelels]
elelelelolelelelal=
bl sl il e i el il il vl sulb il il
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OTSSDIV_PK_LONG 16=SFP=1984 :31:5 AX/VMS Macro V04-00 Page 3
:1-001 6-SEP-19gk ??:15:12 !LIBRTL.SRC]OTSPKDIVL.HAR:1 v (1)
|
, 115 ;
§ 11? : 2) the classical trade-off involving flow paths which
117 ; could be merged (sometimes resultin? in things Like
8 113 3 adding 0) or merged with switches or left alone (resulting
| 000 119 . in space-speed tradeoff in favor of space). Since we are
, 8088 120 ; running on a virtual machine, even the speed factor is not
| 0 121 ; obvious. This came up when remainder was 0, when borrow
I 000 1 i : was not needed, when less than 15 digits where required
080 143 3 for the Llast part of the quotient, and when the new
000 124 ; algorithm had found precisely what the next 15 digits
0000 125 ; were but did not have a value yet for the remainder (the
8808 1 9 3 other al?orithns always have a remainder when the quotient
080 } : 3 is known).
§888 } 3 3 3) New algorithm - special case y2=0
0000 131 : &) New algorithm - optimize branches according to probable
0000 132 : cign of RIH) . . gy
0000 1% :
0000 134 ;
0000 135 ;
0000 1;6 :
0000 137 ; variable use:
0000 138 ; :
0000 139 ; size
0000 140 ; in
0000 141 ; variable digits use
0000 14; } ccsscnsss cssess setescsesectECEEtCEEsIEenee
0000 143 ; yl 15 High order digits of divisor.
0000 144 ; y2 16 Low order digits of divisor,
0000 145 ; X L3 Initially dividend, thereafter
0000 146 ; remainders of successive divide
0000 147 ; operations.
0000 148 ; 2 g{(ap) Quotient.
0000 149 ; 22 Temporarily holds trial low
0000 150 ; order digits of quotient.
0000 151 ; t1 31 High order digits of the remainder.
0000 155 3 t2 b1 Holds the 15 low order digits of the
8000 153 ; 46 dig\t remainder. 31 digits for
000 154 ; ossible Later changes.
0000 155 ; t3 16 olds the Low order digits of the
0000 156 ; remainder.
0000 157 : té 3 Tenporar{ used because packed instructions can
8888 }gg : not overlap their operands.
0000 160 ;
0008 161 ;
00 16§ 3
800 163 ;
08 164 ;
08 }gs ; register usage:
; 88 }g? : register use
' 80 193 3 r a = additional digits of precision required
08 170 ; r stky(sp) which holds a copy of divisor
0 171 ; r8 py(ap) = precision cf y
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6-SEP-1934 ? :15:14 [LIBRTL.SRCIOTSPKDIVL.MAR;1 ’

: r9 r = number of additional digits of the quotient

; that are to be found for next step

: r10 2(ap)

] ri pz(ap) = precision of quotient

. stack offsets for work area
$offset 0,,<~ H
<,16>,- :x, 31 digits
<stky1.8>.- :11 15 digits
<stky2,9>,- ;y2 16 digits
<stk22,16>,- ;22 ;1 digits
<stktl1,16>,- ;t1 31 digits
<stkt2,16>,- .t 21 digits (15 digits used)
<stky fe>,- ;y. 31 digits
<stkt$,9> .- :t3 16 digits
<stkté,16>,- ;t4 31 digits
<stksign,1>,- ;sign of ?uotient. 2 bits
;stklon.6>.- ;length of work area

stkyl

stky?2

stk2?

stktl

stkt?

stky

stkt3:

stkté:

stksign:

stklen:

: parameter offsets
$offset 4,,<~ ;
<x>,= ;x = dividend by reference
<y>,= ;y = divisor b{ reference
<py>,=- sprec(y) by value -
<2>,- 2 = ?uotiont by reference
<pz2>,- ;prec(2) by value
;consta).- ;a as defined above

X:

y:

py:

2:

pz:

consta:

H psect declarations

. .psect _ots$code pic, usr, con,
exe, rd, nowrt,

3 constant data area

rel, lcl, shr, =
long

dow
P -4

oOw
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OTSSDIV_PK_LONG 16-SEP-1984 00:31:5 AX/VMS Macro V04=00 Page 5
!1- 1 6-SEP-1984 ??:15:12 !LIBRTL.SRCJOTSPKD!VL.HAR:1 » (1
' 13 ; |

1C 8§8 14 one: .packed +1 : '
0C 0001 15 zero: .packed +0 :
19 ;**warning*+ the following two data definitions must be contiguous
89 17 nines: .byte 9 ;10**16 = 1 (must be followed by 10+*+15-1)
9C 99 99 99 99 99 99 99 13 ninel5: .packed +999999999999999 -1g-'1 -1
99 99 99 99 09 00 00 00 gg gg 88 88 899 19 bignine:.packed +0000000000000009999999999999999 ;10++16 = 1
0C 00 00 00 00 00 08 88 01 0018 0 ten15: .packed +10 0000000088088 ;10%+15
9D 99 99 99 99 99 9 09 8 g 1 neg9: .packed -99999999999999 ;=(10%%16 = 1)
§8 g g ; local symbol definitions
0000000F 08 g g 6ytes-to_sign=1$ ;bytes to sign for fixed decimal 31
88 g g : run time routine ots$div_pk_Long
CFFC 002D §9 .entry ots$div_pk_long,*M<iv,dv,r2,r3,r4,r5,r6,r7,r8,r9,r10,r11>
SE B85 AE 9E 00§F 0 movab -stklenfsgf.sp ;make room for temporaries
56 18 AC DO 0033 3 movl constalap),ré ;get value of a
57 51 AE  9E 0037 gg movab  stky(sp),r? ;address of copy of divisor
58 O0C AC D0 0038 mov L p{(a?).ré ;precision of divisor
SA 10 AC DO 003f 34 mov L 2(ap),r10 ;save address of quotient
58 14 AC DO 0043 35 movl pz(aps,r11 ;precision of quotient
7TA AE 94 0047 236 clrb sgksign(s?) sclear sign flag
6E 04 BC 1F 34 004A 527 movp #31,ax(ap), (sp) ;move x, set cond. code
24 14 Q04F 8 bgtr 508 sbranch if x > 0
1C 19 0051 39 blss 40% ;branch if x < 0
0053 40 ;
005 41 ;x =0
805 24; :
08 BC 58 AAAF 00 37 005 24 cnpf4 #0,2ero,r8,ay(ap) ;divisor zero?
09 13 005A 544 beq 30§ ;branch if divide by 0
6A SB 00 AO AF 00 00 82 8822 222 asgp #0,#0,zero,#0,r11,(r10) ;2 = 0
re
SB 95 AF 00 98 AF 22 27 8823 247 308: divp #0,zero,#0,2ero,r11,(r10) ;cause divide by zero
04 006E 48 ret
006F 49 ;
006F S0 ;x not 0
006F 51 :
006F s; 40s: : ; ,
TA AE 99 006F 3 inch stksign(sp) ;set Low order bit
OF AE 9 §;§ gg decb bytes_to_sign(sp) :x < 0 so make it positive
75 S? ;determine sign of y
075 57 :;y may be 0 at this point
875 58 ;optimized for y>0
75 59 ;
75 260 50s: :
67 088BC 58 34 75 61 movp r8,8y(ap),(r?) ;move ‘ into temporary
o0 18 7A 6; bgeq 60§ :branch if so
7h gg 7C 6 incb stksign(sp) :set neg indicator
58 FF7ACF 00 08 BC 2 75 64 subp6 r8,3ylap),#0,zero0,r8,(r7} ;convert to positive
§9 65
9 66

>
[ei=l=l=l=]

oo

Eget yl and y2
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g

OF 00
1 00
10 67
10 AE

18 AE

6A 5B 6E
1F  6A

58 00

1F 21 AE
6E

31 AE IF
51 AE 5B
OF 6E
6A

31 AE 5B

N T ™
W oo Oo
~N~

SN0

~N -~
wn

FF58 CF

N =N
- N~

8000OOOO
@D >

CON N NN NN NIOT NN O =) £ = T GO0 O = T NI O B> 00— 0 ~— — — — — M

AONONINININININININONINO NN

— b
0000 OCOCDODOD0D0DNN~N~N

NOY VSN —=OY0

N

Vi Q0= WVINON

o
Co oo

W2 e N =2 I b b e b
MTAMONNPZPOWVMMOOW™
-l Nt Ml NIN) =N
N

OO0 O0OO0O0OO0O0O0O0O0O0O0O0O0O0OO

gw\no,—-um-ommomo
VIOTTMODM OO WON™
OMa=aIN) NN THNATMO =200
SONING NSO -0
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—d D ) D) D ) D ) il ) ol ) D ) e e D

[(PTP NN NTNT NN N NN

ashp
ashp

subpb

brw

cmppé

blss
divp
mulp

brb
ashp

brb
mulp

subpé

beq

mov L
cmpl
bgeq
mov l
ashp
movp
ashp
movp
divp

sub
bneq
blbs
ret

: L
;remainder =

ashp
blbs
movp
ret

cmppé  #0,zero,#15,stkyl(sp) :y1=0?
begf 80$ .
r

addfg

16-SEP-1984 00:31:52 VYAX/VMS Macro V04=-00
g-SEP-19gk ?1:15:16 !LIBRTL.SRCJOTSPKDIVL.HAR:1

#-16,r8,(r7) ,#0,#15,stkyl (sp) ;high order 15 digits of y

#16,#15,stky1(sp) ,#0,#31,stkt1(sp) ;y with 16 low order zeroed

#31,stkt1(sp),r8,(r7),M6,stky2(sp) ;16 low order digits y

gprec(y) is large enough for y!1 to possibly not be 0

sbranch if yl1 is zero
00% ;branch if y1 is not zero

; y2(16) holds all of y

#31,(sp) , #16,stky2(sp) ;x<y ?

95$% :branch if x<y; shift x by 15 is ok
#16,stky2(sp) . #31,(sp),ri1,(r10) ;2=x/y2
#6,stky2(sp).ri1,(r105,#31,stkt1(sp) ;t1=(x/y2)*y2

110% :
#0,#0,zero,#0,r11,(r10) ;clear quotient

115%
#16,stky2(sp) ,#15,stkz2(sp) ,#31,stkt1(sp) ;tl=y2+22

#31 stkt1(sp) ,#31,(sp) ;x=x=t1
1506 :branch if remainder = 0

idetermine r, the number of the next low order digits to obtain

#5,r9 ;r=15

ré,r9 ;a>15?

30 ;branch if Larger

ré,r9 ;r=a

r9,#31,(sp) 40,431, ,stkt1(sp) ;shift x left by r
031.stkt1(sg) (sp) 'cop{ back into «x
r9,r11,(r10),#0,r11,stkti(sp) ;shift z Left by r
r1f,stkt1(spS, (r10) jsopy ack into 2z
#6,stky2(sp).#31,(sp) . #15,stkz2(sp) ;22(15)=x/y2
#15,stkz2(sp),r11,(r10) ;2=2+422

r9,.ré ;a=a=-r

1008 ;branch if more
stksign(sp),155% ;branch if quotient <0

:remainder = 0
r6,r11,(r10) #8 r11,stkti(sp) ;account for scale _
st(slgn(sp).ib § ;branch if guotient is negative
r11,stkt1(sp),(r10) ;copy back into quotient

e

Page (?)

———
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OTSEDIV_PK_LONG 16-SEP-1984 00:3

1:5 AX/VMS Macro V04=00 Page
6=-SEP-1984 15:12 !LIBRTL.SRC]OTSPKDIVL.HAR:1 ’
1TAE 6A SB 34 0139 17 155%: mov r11,(r10) ,stkt1(sp) ;c0 uotient into temporar
185 §13 1808 : ” 5 tanter 19 t1 Rolds quatient
S8 FEBB CF 00 31 At 22 23 }‘; 1 subpé  r11,stkt1(sp),#0,zero,r11,(r10) ;make 2 negative
04 148 0 ret
14 13
0149 i .New division algorithm
8149 .
149 4 2008: ;
0149 »
0}23 9 ;insure that we have x<y
67 S& 6E 1F 37 0149 8’ cmppé  #31,.(sp),r8,(r7) ; x<y?
19 19 014 9 blss 220§ ‘branch if x <y
6A SB 6; W ' 3B 7 015 0 divp r8,(r7) ,#31,(sp),r11,(r10) s2=xly
31 AE 1F 67 SB 6A 5B 25 015 1 mulp  r11,(r10),r8, (r7) 431, stkt1(sp);t1=yrz
6E 1F 31 AE IF § 15¢ 5 subfk #31.stkt1(sp) . #31.(sp) ;x=x=ti
c0 1 165 beq 150§ :branch if remainder is zero
09 11 0167 34 brb 230% :
58 00 FE92 CF 00 22 F8 8}9? 35 220%: ashp #0,#0,zero,#0,r11,(r10) ;clear quotient
0172 36 ;
017 37 :Assumes z is defined
017 38 ; 0<x<y
017 37 3 and ré=a gives the number of additional digits required.
8}; 2? ;Determine r = # of digits for next part of quotient.
59 S6 DO 017 45 230$: movl  r6,r9 ;r=a
OF 56 D1 017 4 cmpl ré6, #15 :a>15?
03 15 0178 344 bleq 240 :branch if Larger
59 OF D00 O017A 45 mov l #15.r9 :r=15
56 59 (2 0};3 29 240%: subl2 r9,.ré ;update ré6 = a
8180 48 :calculate 22 = min(B=-1,[x/y1])
0180 &9 :
0180 gso 2508: ; .
1F  6E 1F 10 AE31 22 27 O}gg 51 divp l15.stky1(sp).#Sl,(sp).#31.stkt1(sp):t1=x/y1
FE7Y CF 10 31 AE 1F 37 8189 Sg cmppé #3171, stkt1(sp) . #16,.nines ;t1>10+x16-1?
09 15 8191 5 bleq  310$ ‘branch if not
21 AE FE6B CF OF 34 0193 Sé movp #15,nine15,stkz22(sp) ;move in base-1 i
oA N 8}32 gS brb 3208 ;skip ashp, you have 15 digits
819C 59 Ecalculatg yerz?2 ,
19C 58 t3 = high order 16 digits of y2+z
019C 59 . ted = Llow order 15 digits of y2+z
19C 60 ;
19¢ 361 $10s: T
OF 00 31 AE 1F 5: 2; F8 }22 62 ashp #-1,#31,stkt1(sp) , #0,#15,stkz2(sp) ;we only get 15 digits
1f 18AE 10 21 AE}1 22 25 }:6 363 3208: mulp #15,stk22(sp) . M16,stky2(sp) . #31,stkt1(sp) ;tl=y2+22
10 00 31 AE 1F g} :E F8 }gé 364 ashp #-15,#31,stkt1(sp) . #0, #16,stkt3(sp) ;t3(16)=t1 shifted right 15
1F 00 61 At 106A 22 F8 }%? 365 ashp #15,1M6,stkt3(sp) , #0,#31,stkté(sp) ;t4(31) = t3 shifted left 15
CF 31 AE 1F G6AAE 1F 23 01C3 366 subpb  #31.stkt4(sp), #31,stkt1(sp), #15,stkt2(sp) ;t2(15)=t1-t4
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CTSSDIV_PK_LONG 16-SEP=-1984 00:31:52 VAX/VMS Macro V04=00 Page 0TS
1-801 6-SEP-1984 ?1:15:14 !LIBRTL.SRCJOTSPKDIVL.HAR;1 v (?) Sym
41 AE 1C8 BYT
4 13 }E? g? : beql 330$ ;branch if no borrow required Egn
1CF ?g :borrow is =1, t2 not 0 DIR
1CF 0 ;calculate R(H) = 0TS
1CF 371 ; t1(?1) = 31 high order digits of x(46) = yz PY
}E; ;i : t2(15) = 15 Low order digits of x(46) = y*z g%x
1€ 10 AE OF 21 AE6A 22 25 }g; 7% " mulp #15,stk22(sp) ,#15,stky1(sp) ,#30,stkté(sp) ;t4(30)=y1+z2 g}:
1F 00 6A AE 1631 21 F8 }2§ 375 ashp #1,#30,stkt4(sp) ,#0,#31,stkt1(sp);31 high order of 46 g}:
31 AE  1F 1 AE 1 113 7 addpé #16,stkt3(sp) , #31,stkt1(sp) ;t1(31)=t1(31)+t3(16) X
w & v 31 AEGA 12 Sg }E9 379 subgb 031,stkt\(sg).l§1.(sp).#§ ,Stkté(sp) ;té=x-t1 {
1t 13 1Fg ;78 bleq 325% ;branch if R(H) negative (t4 < = () ZER
1F  6A AE 1F  FEO7 CF31 2; 23 };3 79 subpé #1,one,#31,stkté(sp)  #31,stkt1(sp) ;t1=t4=1 (borrow 1)
OF FE& CF 10 & AE6A 22 23 0155 380 subpb  #15,stkt2(sp)  #16,ten15,#15,stkté(sp) ;t4=10**15=¢2
&1 AE 6A AE OF 34 0§0A 381 mov #15, stkt4é(sp) ,stkt2(sp) ;copy back into t2
63 11 0210 382 brb. 3708 g gy PSE
31 AE  6A AE 1F 021% 85 325%: movp #31 stkté(sp),stkt1(sp) ;make t1 hold high order R(H) )
O0AF 1 031 gsa brw 500§ :R(H) < 0 (can not be zero) .
0218 85 ; $AB
0218 286 :no borrow, t2 = 0 o1
0%18 87 :calculate R(H) = t1(31) = 31 high order digits of x(46) = y*z2
0218 388 ; t2(15) = 0 = 15 Low order digits of x(46) = y*22
0218 89 ;
0513 90 $30s:
1€ 10AE OF 21 AES1 2; 25 8212 91 mulp #15,stk22(sp) ,#15,stky1(sp) ,#30,stkt1(sp) ;t1(30)=22(15)*y1(15) o
a
1F 00 31 AE 156A 2} F8 82%2 392 ashp #1,#30,stkt1(sp) ,#0,#31,stkté(sp) ;31 high order 46 ;;;
6A AE 1F 61 AE 10 2 OS§§ 93 addpé 016.stkt3(sp).l31.stktk(iq) st4=t3(16)+t4 Com
1F 6E 1F 6A AE}1 lr 2 823C 94 subpb  #31,stkté(sp),#31,(sp), #31,stkt1(sp) ;tl=x=-té gas
ym
SE 12 8228 ng bneq 3708 ;branch if remainder not zero ga:
0240 g97 Etttttt'tt!titt'itttl'ttti'tttttttt'ttttttttttttttttttt.tttttttitittttttt P:.
0560 398 ;» _ . Cro
8 48 399 ;* R(H) =0 , i.e. * Ass
240 400 ;+remainder is zero : : .
8568 481 :*22(15) holds last non-zero digits of the quotient * ihe
3 20 205 ::quotiont has not been shifted yet to recieve 22 . , ;13
0240 404 :+ this is a local routine with no exit other than ret + | 83
2 l‘. S :t't'.t'tttit"'itt"t't'!t!iittttt'ttttittt'tt'ttttlttltittitt'itttttttt p
4 4%? $40s:
6AAE 5B 00 6A 5B 9 F8 & 4 g ashp r9,.r11,(r10) ,#0,r11,stkté(sp) ;t4=2 shifted left by r9=r
6A 6A AS B 34 & 40 novt rli.stité(spf.(r10) :cop; back quotient :
5 F Cg 4D 61? subl2 #15,r9 ;shift needed to lLeave r9 di?tts
OF 00 21 AE 0?31 Az F 59 41 ashp r9,515.stk12(sp).lO.l1S.stkt1(sp);low order digits of 2 Mac
6A 5B 31 AE 2F Zg g9 41§ addp4é #15,stkt1(sp),r11,(r10) :z=z+62 * _$
8- P SF &1 tst ré ;a=02?
il o i o




e . — —
T e g et S L = ) -y |
" 3 9 | 0T1s
4 00:31:5 AX/VMS Macro V04=00 Page :
?Tgaglv'PK'LONG 12 gg: 836 ??-15-1% !LIBRTL SRCJOTSPKDIVL MAR; 1 (1)5 ::X
p h if a=0 (lLast iteration)
1 8 48 - g 1 tkti(s ?fad ust for scale "
ne . n w 83 gg Fg gé 215 350%: gtgg ;?i:11 (r10) 08‘r1 » . rgnch f quotient < 0 e
6A 31SAE7A ?5 gk 9F 41? ' movp gkti(sp) (r10) ;back into quotient MAC
41 ret
53 13 7? 613 3708: blss 5008 :branch if R(H)<0 |
;7 ll: ? :ttttttttitttttttitttttttttttittttttttttttttt'tttti!'ttt"ttt't'lti"t":
77 422 :*R(H) > 0 . i.e. ¢
T & g v t1 >0 .
;; 2 ls. ::tttltttt'it'tttt'i'ttittttttitttttlttt’ttt'ttttttttttt!tt'tttttt'tt'tt'
o i ifted left by r9=r
: 1,(r10),#0,r11,stkté(sp) ;té=2z sh
i L oobA 6A6A Zg gg 52 ;z 2 Z 380s: ;:cp :11rltkt£(sps (r10) .:opy Back quotient
429 tst ré
?g ?g § §§ 2 ? : beql 3908 branch if a=0 (last iteration)
808 &yg 1o met 0
' Ar10) ;2=2+22
1 88 g? AEZ1 ?E 8; gg gzgg 2%2 :238‘ ‘}g 3§¥’§§§?%<§l§ 35 #31,stkté(sp) ;té=t1 shifted Left 15
F
e 089 kt2(sp) , #31,(sp) :x=t4+t?2
1F &1 AE  OF 6A AE A; 21 8%3; 436 addpé  #31,stkté(sp) ,#15,stkt2(sp
FECF 31 02A 437 brw 230% |
02A 438 ; |
B dfy e e
. : shift needed to leave r its
00 21 AE 3? 95 E% 8%:2 225 3908 ::gé? r9sl15 stk22(sp) ,#0,#15 stkt1(sp) low order digits o?
OF
e 8 AP 5.stkt1(sp),r11,(r10) ;z=2+22
1A oF 20 AF 443 addp4 #15,st sp : ‘ St
il g OIEM AE 52 8233 2215. 3958 Bégs stksign(sp),4008 .branch f quo
02BA 446 400S8: ‘ ki
10) ,stkt1(sp) ‘make copy of quo
1 AE. 6A 5B 34 02BA 447 movp r11,(r jmeke 5oy of o oan B
S8 FD3A CF 30 31 AE 22 23 0 %g 448 410%: subpb rl1 stkt1(sp) #0,zero,r1 r
04 8 (9 449 ret
§ Ea Eéz :.ttltttt'tttttitttiittitflttttttt!ttt'tlt!lﬁttttlttttttttit"t"ttttt't!:
*
S*R(H) < 0
8 E: 2;4 .: so check if R(H) + Y > =10 :
o E: 22; ::ttttttl'tttIt'ttttititiittiitttttittiitttttttttttlti.iitlttltlittt.ttii
X 428 boos: iy |
2 : 1( -( 1 1} -
FDS2 CF 10 31 AE 1F 37 CA 453 ngpk 331‘stkt1(sp) M6,neqg9 granch 1 alal' s’y 2 8
31 AE 1F 8? }g 0 82 229 .sﬁﬁ ,#31,stkt1(sp) ,#0,#31, .Stkté(sp) ;shift t1 left 15
1'6 :: 1F 41 AE6A SF 23 g ga 462 subpé  #15,stkt2(sp) , #31,stkté(sp),.#31,stkt1(sp) ;ti=t1=-t2
¥ A
S E% kt1(sp) st1=tl+y
463 addp4é r8,(r7),.#31,stkt1(sp : X
" . e Lot 28 %g ED 464 blss 600$ branch if R(H) + Y <0




N 1 j
OTSSDIV_PK_LONG 16=-SEP=19 :5 AX/VMS Macro V04-00 Page 10 wef
1-301 6-SEP-193 ?? 12 !LIBRTL.SRCJOTSPKDIVL.HAR:1 ’ (1);
E 3 EF beql 530% b ran h if no remainder (first adjust 22) ‘
21 AE OF FDOA g 1 ?é F1 sugpk 1 one,l15 stksz(s?) =2 oy ¢ |
6A AE SB 00 B 9 ¥ F9 ashp r9.r11,(r10), 40,1 .stktl(sp) tb 2 shifted left by r9=r |
6A 6A AE B 34 01 mov r1f stit&(sps.(r10) .copy ﬁack quotient .
56 Dg Og tst ré :d :
0E 1 OA : beql 510% branch if a=0 (lLast iteration)
§: :a not 0
6A 5B §1 AE  OF 0 030A s addpé  #15,stkz2(sp).r11,(r10) ;z=2+22
6E 31 AE  1F 34 12 movp  #31.stkt1(sp).(sp} ix=t1
FESA 31 } brw 2305
E Ea =0
59 OF (2 §10s: suble #15,r9 ;shift needed to leave r9 di?its
OF 00 21 AE OF31 Sg F8 ashp r9, 015 stkz2(sp), 40,15, stkt1(sp) low order digits o
6A SB 31 AE. OF 20 addpé #15,stkt1(sp),.r11,(r10) .z-z*zZ
8C 7A AE 82 btgs stksign(sp) 4bos ° ;branch if quotient <0
re

: ' -
;remainder is zero

§30s: subpé #1_.one,¥#15,stkz2(sp) ;22=22+1
3408

21 AE  OF FCCC CF 01 %2 1
brw :go add to quotient, then ret

FFO6

“®e

.tttttttit.*itfl""'"t*'t..t'.it"t"'tt't"i"!t"l'!.tli'l'tlt'i'ttt'

®
-R(H) +Y<O0 *
tcalculate L = nin(B IXI(§1+1)]) *
|
-

:* by theorem 5, L=[X/(y1+1)

t

L
'itI.titt'ttt't't'titittttitttttttttttttt'tttttlttttlttttt.tt't'ttttttt'

6008: addp6 #1,one.#15,stkyl(sp).#16,stkt3(sp) ;t3=yl+1

B D e i S A A D I S 3Dt 2t 2t 2R 2D 2k A 2 0 W O o O P ol b A
VOOV VOOV OOV WO NNNNNNNNNNOOOONO~
WONO WS WN = OVONOWVIS NN —=O000 NN NN = OO0 ~NION W

10 10 AE OF FfCCY CFb1 2; 21
10 6E 1F 61 AE__ 10 27

31 A 500 divp #16,stkt3(sp) ,#31,(sp) . M6,stkt1(sp) ;t1=x/t3

501 ;

50; ssplit up yZ'

503 ; t3 = high order 16 digtts of y%tL

504 ; t2 low order 1 ?1ts of
OF 00 31 A 10 sq 22 F8 505 ashp #-1.,m6, stktl sp) .0, 15 stkz2(sp) ;we only get 15 digits |
¥ 18AE 10 21 AES1 22 25 506 mulp #15,stkz2(sp) . M16,stky2(sp) . #31,stkt1(sp) ;t1=y2+22
10 00 31 AE 1F 2} 22 F8 507 ashp #=15,#31,stkt1(sp) ,#0,#16,stkt3(sp) ;t3(16)=t1 shifted right 15

1F 00 61 AE 106A 22 F8 508 ashp #15,7M6,stkt3(sp) 40, #31, stkté(sp) ;t4(31) = t3 shifted Left 15 '

OF 31 AE 1F 6A AEI.1 12 23 509 subpbé  #31,stkté(sp) , #31,stkt1(sp) #15,stkt2(sp) ;t2(15)=t1=-t4

t.ttitttti'ttit.'i""'li't...tl't.'l".t't‘t"""'.""."."'t'.'t'i'
L

' calculate R(L) *

U U U Ul U U U U o U U U U U U U U U N U U U U U U U U U U U U U U U U U U N U U U U N L U U U N A N R NINONO N

NNNNNNNOCO-OVNNSS 5 55 8 55 5 B 2 Wi U Wi W W N N N PO NO NI RO PO NONIND — —8 —3 —
T TMOVWIWO P NOOONMMMMMOWVIWE 22322 > B T aname S

[ e e e e e e e e = = e e = = = e = = = el =lelelelelelelelelelelelelelelelelelelelolelelelelelelole e

W= O
TP




2
OngblV_PK_LONG 16-SEP°1986 ??:31:52 "YAX/VMS Macro V04-00
1-001 6=-SEP=-1984 11:15:14 ([LIBRTL.SRCIOTSPKDIVL.MAR;1

16 -
;F zils. :':ttt'ttttfitt'tt""ttt'ttt't't!t"tQl.t""ttt'ttt't'i't""'t"l""':
143 16 ;
41 13 7§ g}? beql 6308 ;branch if no borrow required
1 213 ;borrow is =1, 12 not 0
1 520 ;calculate R(L) = R
1 221 3 t1(31) = 31 high order digits of x(46) = y*22
1 ; g : t2(15) = 15 \ow order di?its of x(46) = y*z2
838% ? snote: it is always true that R(L) > = 0
OF FC92 CF 10 & AEbA 22 23 8;81 g & subpt  #15,stkt2(sp) , #16,ten15,#15,stkté(sp) ;t4=10*+15-¢2
41 AE G6AAE OF 34 0 85 556 movp #15,stkté(sp),stkt2(sp) :cop; back into t2
1€ 10 AE OF 21 AE6A 22 25 8§8A 527 mulp #15,stkz2(sp) . #15,stky1(sp) ,#30,stkté(sp) ;t4(30)=y1+22
1F 00 6A AE 1E31 2% F8 8%25 528 ashp #1,#30,stkté(sp) ,#0,#31,stkt1(sp) ;high order 31 of 46
31 AE 1F 61 AE 10 20 03AS 5;9 addpé 016.stkt3(sp).#31.stkt1(s?) 21 (3D =t1(31)+23(16)
w48 % N AE6A AE 23 8%3% 530 subpt  #31,stkt1(sp), #31,(sp), #31,stkté(sp) ;té=x=-t1
1F  6A AE 1F  FC46 CF31 21 23 8§gg 531 subpt  #1,one, #31,stkté(sp) #31,stkt1(sp) ;t1=t4=1 (borrow 1)
2 1" 8%%8 gg% _ brb 700% :
03C 534 :no borrow, t2 = 0
8%% ggg scalculate R(L) = t1(31) = x = y1#22
03C2 537 630s:
1E 10 AE OF 21 AE31 2; 25 8%%2 538 mulp #15,stk22(sp) ,#15,stky1(sp) ,#30,stkt1(sp) ;t1(30)=y1+22
1F 00 31 AE 156A 2; F8 8%5% 539 ashp #1,#30,stkt1(sp) ,#0,#31,stkté(sp) ;high order 31 of 46
6A AE 1F 61 AE 10 Zg 03D5 540 addpé l16.stkt3(sp),l31.stktk(sq) st4(31)=t4(31)+t3(76)
1F 6B 1F 6A AE_ 1F 23 03pC 541 subpbé  #31,stkté4(sp) . #31,(sp) . #31,stkti(sp) :tl=x=-t4
AREY
03ES SL% e nmnmnmnmnmmnInmImIIiIIoonmnmmm
03E5 544 :* o
03ES 545 ;* calculate 22 = L + R(L)/Y N
O3ES 546 ;» .
osEs 5‘7 :.'t""'i'"'i't"i.!"ttti..!'l.t'tt'it*.'.'ittt'ttltti'tlilt.it'lt't"
03ES 548 ; -
1F 00 31 A€ 1F6A 22 F8 8;2% 549 7008: ashp #15,#31,stkt1(sp) ,#0,#31,stkt4(sp) ;shift t1 Lleft 15
6A AE 1F &1 AE F 03E 550 addpé  #15,stkt2(sp) . #31, stkté(sp) ;té=té+t2
OF 6A AE 1F 6731 gg Sg 83:% 551 divg r8.fr7).031?stkt6fsp).l15.stﬁt1(sp) it1=td/y
21 AE OF 31 AE OF 0 F 55 addpé #15,stkt1(sp) , #15,stkz2(sp) ;z2=22+t1
FD9E 31 8285 gg% bru . 3204 :
8408 555 .end
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GTSSDIV_PK_LONG
Symbol Table

BIGNINE 00000008
BYTES_TO_SIGN = 0000080F
CONSTK 00800 18
DIR,.. = 0000 8 1
NEG9 0080 4
NINE1S 000000
NINES 0000000
ONE 00008
OTSSDIV_PK_LONG 00000020
PY 0000000C
Pl 00000014
STKLEN 80008078
STKSIGN 000007A
STKT1 00000031
STKT 00000041
STKT 00000061
STKT4 0000006A
STKY 00000051
STKY1 0000001
STKY?2 0000001
STk22 00000021
TEN1S 00000018
X 00000004
Y 00000008
b4 00000010
ZERO 00000001
PSECT name
. ABS

S$
_OTSSCODE
Phase
Initialization
Command processing
Pass 1
Symbol table sort
Pass 2

Symbol table output
Psect synopsis output
Cross-reference output
Assembler run totals

C
16~
6-
K 02
o 0
R 0
& 0
R 0
RG 0
R 02
& 02
T ¥
i Psect synopsis !
Allocation PSECT No. Attributes
00000000 ( 0.) 00 ¢ 0.) NOPIC USR
00000078 ( 123.) 01 ( 1.) NOPIC USR
00000408 ( 1032.) 02 ( 2.) PIC USR
A R —
i Performance indicators !
Page faults CPU Time Elapsed Time

The working set Limit was 1050 pages.

15986 bytes (32 pages) of virtual memory were used to buffer
There were 10 pages of symbol table space allocated to
555 source Lines were read in Pass 1, producing 14 object records in Pass 2

80:00:

(=i =i ==l =]
[elelelelelelele]

aa'. s an 66
[=lelelelelele]

hold 2

he intermediate
non=-local and 3

CON ABS

LCL
(ON ABS LCL NOSHR EXE
CON REL LCL SHR EXE
ode.

local symbols.

acro
RCIOT

04-00
PKDIVL.MAR;1

n<

Page

NOSHR NOEXE NORD NOWRT NOVEC BYTE

RD WRT NOVEC BYTE
RD NOWRT NOVEC LONG

1
(

2
1

)




OTS$DIV_PK_LONG 16=-SEP=-1984 :31:5 AX/VMS Macro V04=00 Page
VAX=-11 Macro Run Statistics 6-SEP-19gL ??:1;:1% !LIBRTL.SRCJOTSPKDIVL.HAR:1 ’

3 pages of virtual memory were used to define 2 macros.

—~—
— A

L A e X

i Macro Llibrary statistics i

Macro Library name Macros defined
_$255SDUA28:[SYSLIBISTARLET.MB:2 g
45 GETS were required to define 2 macros.

There were no errors, warnings or information messages.

MACRO/ENABLE=SUPPRESSION/DISABLE=(GLOBAL , TRACEBACK) /LIS=L1S$:0TSPKDIVL/0BJ=0BJS:0TSPKDIVL MSRCS:0TSPKDIVL/UPDATE=(ENH$:0TSPKDIVL)
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