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mmm

mmm
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MMM MMM UUU UUU LLL AAAAAAAAA TTITTITITTITNNIT
MMM MMM UUU Uuu LLL AAAAAAAAA TTITTTTIVTIVINY
MMM MMM UUU UUU  LLL AAAAAAAAA TTTTTIITTTTIITINT
MMMMMM  MMMMMM  UUU Uuu LLL AAA AAA 117
MMMMMM  MMMMMM  UUU UUU LLL AAA AAA 117
MMMMMM  MMMMMA UUU Uuu LLL AAA AAA 177
MMM MMM MMM UUU Uuu LLL AAA AAA 117
MMM MMM MMM UUU UUU LLL AAA AAA 117
MMM MMM MMM UUU UUU LLL AAA AAA 117
MMM MMM UUU Uuu  LLL AAA AAA 117
MMM MMM UUU UUU  LLL AAA AAA 117
MMM MMM UUU VWU LLL AAA AAA 177
MMM MMM ULV CUU LLL AAAAAAAAAAAAAAA 177
MMM MMM UUV UUU LLL AAAAAAAAAAAAAAA T17
MMM MMM UUU Uuu LLL AAAAAAAAAAAAAAA 177
MMM MMM UUU UUU LLL AAA AAA 117
MMM MMM ULU Uuu LLL AAA AAA 177
MMM MMM UUU UUU LLL AAA AAA 117
MMM MMM  UUUUUUUUUUUUUUU  LLLLLLLLLLLLLLL AAA AAA 177
MMM MMM  UUUUUUUUULUUUUUU  LLLLLLLLLLLLLLL AAA AAA 117
MMM MMM UUUUUUUUUUUUUUU  LLLLLLLLLLLLLLL AAA AAA Ty
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Vv Al AAAAAA XX XX AAAAAA RRRRRRRR 111111 TITTITTITIT MM HH
Vv vV AAAAAA XX XX AAAAAA RRRRRRRR 111111 TTITTITTTIT MM NH
Vv VV  AA AA XX XX AA AA RR RR Il 17 HH HH
LA vV AA AA XX XX AA AA RR RR 11 17 HH HH
vV VV  AA AA XX XX AA AA  RR RR 11 17 HH HH
Vv VV  AA AA XX XX AA AA RR RR I1 17 HH HH
Vv VWV AA AA XX AA AA  RRRRRRRR 11 17 HHHHHHHHKH
LA VV  AA AA XX AA AA  RRRRRRRR 11 17 HHHHHHHHHH
LA VYV AAAAAAAAAA XX XX AAAAAAAAAA RR RR I1 7 HH HH
Vv VV  AAAAAAAAAA XX XX AAAAAAAAAA  RR RR 11 1! HH HH
Vv vy AA AA XX XX AA AA RR RR 11 17 HH HH cene
VAR 'L AA AA XX XX AA AA RR RR 11 1T HH HH cees
vV AA AA XX XX AA AA RR RR [11111 17 HH HH coee
vV AA AA XX XX AA AA RR RR I11111 17 HH HH ceve
LL 111111 555558SS
LL 11111 §5555555
LL 1] s
LL 1] 55 -
LL 1] s
LL 11 5
L 11 §5558S
L 1l 555555
LL 11 5
LL i1 5
L 11 5
LL Il 5
LLLLLLLLLL  DETIID  $S$88$SS
LLCLLLLLLL  IITTED SSSSSSSS
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JTITLE VAXSDSCIHAL_ARITHHETIC = VAX=11 Packed Decimal Arithmetic Instructio
IDENT  /v04-001/

:LJK0065

- L)

WAAAAAAA AL A A A A A AR R AL A A A LA R A R X R R R R R R R R R 2 22 2 2222222

COPYRIGHT (c) 1978, 1980, 1982, 1984 BY
DIGITAL EQUIPMENT CORPORATION, MAYNARD, MASSACHUSETTS.
ALL RIGHTS RESERVED.

THIS SOFTWARE IS FURNISHED UNDER A LICENSE AND MAY BE USED AND COPIED
ONLY IN ACCORDANCE WITH THE TERMS OF SUCH LICENSE AND WITH THE
INCLUSION OF THE ABOVE COPYRIGHT NOTICE. THIS SOFTWARE OR ANY OTMER
COPIES THEREOF MAY NOT BE PROVIDED OR OTHERWISE MADE AVAILABLE TO ANY
OTHER PERSON. NO TITLE TO AND OWNERSHIP OF THE SOFTWARE IS HEREBY

* *
* 4
* *
) *
) *
. *
" )
* *
~ *
] "
;* TRANSFERRED. .
* )
* *
* *
» *
] "
* *
* *
* *
* *
* *

THE INFORMATION IN THIS SOFTWARE IS SUBJECT TO CHANGE WITHOUT NOTICE
282P022?¥Ba NOT BE CONSTRUED AS A COMMITMENT BY DIGITAL EQUIPMENT

DIGITAL ASSUMES NO RESPONSIBILITY FOR THE USE OR RELIABILITY OF ITS
SOFTWARE ON EQUIPMENT WHICH IS NOT SUPPLIED BY DIGITAL.

*

- L J - - - L N Y ®Se ® L ] Se® L] - - - - - L] L]

*

LA AR RSl ald Rl Rl Rl izl iz I S Y X RS R SRR 2R}

i={=lol=lolelelalaleleleleclalalelelolelaclelelololelels]
L *dd=d=d =il l=lololelolalalalelelelelelels]
=izl lslelalalelalelealelclalclclelslvlalalelelele]]
elelelelelalelalalelalalelalelelalalelolalslelalalels)

Lawrence J. Kenah
Creation Date

19 October 1983
Moditied by:

NOMNA L AAIND = OO 00 NN S NN =2 OO OO NN 8N AN =2 O O 00 N O N B LAIND =2 O O 00 O N 2 L) — OO 08 ~ O W 8 L = —2

o
o
o
o
ASUSSAACAVIANN B B B 85 55 55 B 85 85 5 W AN A A W N AN PO PN PO PO AU NORC RN —d b b cnd o b o o

0000

0000 s 4

0000 ; Facility:

0000 :

0000 R VAX=11 Instruction Emulator

0000 :

0000 ; Abstract:

0000 : The routines in this module emulate the VAX-11 packed decimal

0000 : instructions that perform arithmetic operations. These procedures can
: be a part of an emulator package or can be called directly after the
: input parameters have been loaded into the architectural registers.
: The input parameters to these routines are the registers that
; contain the intermediate instruction state.
3 Environment:
; These routines run at any access mode, at any IPL, and are AST
: reentrant.
3 Author:

OO0 O0OO0OO0O0OO0O0OO0OODO0OO0O0O0O00
(=lolelelelelelalvcleleleleclelelalelels)
=lelelelalelelelalelalalelolalelalelele
jelelalelelelelelelolaleloloelelelelelels
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V04-001 ~SEP-1984 00:44:34 (EMULAT.BUGSRCIVAXARITH.MAR;1 (H VO
0000 58 .
:LJK004S 0000 A v04-001 LJK004S Lawrence J. Kenah 19-Sep-1984
:LJK004S 0000 .g : The result strin? in ADDP4 and SUBP4 must be probed for
:LJK004S 0000 3 write access to insure that the instruction does not modify
;LJK004S 0000 Ao memory before trying to restart,
;LJK004S 0000 .3,
0000 59 . v01-003 LJx0037 Lawrence J. Kenah 17-Jul-1984
0000 60 ; Fix two minor bugs in exceotion handling code that caused
8888 gl : MULP and DIVP tests to generate spurious access violations.
0000 6% ; v01-002 LJK002¢ Lawrence J. Kenah 21-Feb=-1984
0000 66 ; Add code to handle access yiolations. Perform minor ¢leanup.
8888 gg : Eliminate double use of R10 in MULP and DIVP.
0000 67 ., v01-001 LJK0008 Lawrence J. Kenah 19-0ct-1983
0000 68 . The emulation code for ADDP4, ADDPé, SUBP4, SUBP6, MULP and
0000 69 . DIVP was moved into a separate module.

(=4
o
o
o
N
o
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v04-001 Declarations -SEP-1984 00:44:94 CEMU'.AT.BUGSRCIVAXARITH.MAR; 1 ? (2) VO«
0000 7¢ LSUBTITLE Declarations
0000 7% _
0000 76 ; Include files:
0000 75
0000 76 .NCCROSS ; No cross reference for these
8888 ;g .ENABLE SUPPRESSION : No symbol table entries either
0000 79 ADDP&L _DEF : Bit fields in ADDP4 registers
0000 80 ADDP6DEF ; Bit fields in ADDP6 registers
0000 81 DIVP_OEF : Bit fields in DIVP registers
0000 8§ MULP _DEF : Bit fields in MULP registers
0000 8 SUBPL_DEf . Bit fields in SUBP4 registers
8888 gg SUBP6_DEF ; Bit fields in SUBP6 registers
0000 86 $PSLOEF : Define bit fields in PSL
8888 gg $SSRMDEF : Define arithmetic trap codes
0000 89 .DISABLE SUPPRESSION : Turn on symbol table again
8888 g? .CROSS : Cross reference is 0K now
8888 gg : Symbol detfinitions
0000 9 ; The architecture requires that R4 be zero on completion of an ADDP6 or
0000 95 SUBP6 instruction. [f we did not have to worry about restart1ng
0000 96 . instructions after an access violation, we could sinpl‘ Zero the saved
0000 97 . R4 value on the code path that these two instructions have in common
0000 98 ; before they merge with the ADDP4 and SUBP4 routines. The ability to
0000 99 . restart requires that we keep the original R4 around at least until no
0000 100 . more access violations are possible. To accomplish this, we store the
0000 101 ; fact that R4 must be cleared on exit in R11, which also contains the
0000 102 : evolving condition codes. We use bit 31, the compatibility mode bit
8888 }82 ; because it is nearly impossible to enter the emulator with CM set.
0000001F 0000 105 ADD_SUB_V_ZERO_R&4 = PSLSV_(M
0000 106 ]
0000 107 ;. External declarations
0000 108
0000 109 .DISABLE GLOBAL
0000 110
0000 111 EXTERNAL -
0000 112 DECIMALSBOUNDS _CHECK,~
0000 113 DECIMALSBINARY _TO_PACKED_TABLE,-
0000 114 DECIMALSPACKED TC BINARY_TABLE,-
0000 115 DECIMALSSTRIP_ZEROS_RO_RY,-
0000 116 DECIMALSSTRIP_ZEROS_R2_R3
0000 117
0000 118 LEXTERNAL -
0000 119 VAXSDECIMAL _EXIT,-
0000 120 VAXSDE C IMAL AcCvio, -
0000 121 VAXSREFLECT_TRAP, -
0000 12§ VAXSROPRAND
0000 13 i
0000 124 ; PSECT Declarations:
0000 155
8888 }29 LDEFAULT DISPLACEMENT , WORD
00000000 128 .PSECT _VAXSCODE PIC, USR, CON, REL, LCL, SHR, EXE, RD, NOWRT, LONG
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v04-00 VAXSSUBPS = Subtract Packed (6 Operand F 5-SEP-1984 00:44: EMULAT.BUGSRCJVAXAR]ITH RAR; 1 VO
-1 888 } 2 . .SUBTITLE VAXSSUBPS - Subtract Packed (6 Operand Format)

888 } S . Functional Description:

000 1 9 R In 6 operand format, the subtrahend string specified by the subtrahend
8000 138 . length and subtrahend address operands is subtracted from the minuend
000 139 ., str ng specified by the minuend length and minuend address operands.
0000 140 ; The ditference string specified by the difference Length and difference
8888 }21 : address operands is replaced by the result.

0000 14; ; Irput Parameters:

0000 144 ;

0000 145 ; RO - sublen.rw Number of digits in subtrahend string

0000 146 ; R1 - subaddr.ab Address of subtrahend string

0000 147 ; R¢ = minlen.rw Number of digits in minuend string

0000 148 ; R3 - minaddr.ab Address of minuend string

0090 149 ; R4 - diflen.rw Number of d\?its in difference string

8888 }g? R RS = difaddr.abd Address of difference string

0000 15% . Output Parameters:

0000 153 ;

0000 154 ; RO =0

0000 155 . R1 = Address of the byte containing the most significant digit of

0000 156 : the subtrahend string

0000 157 ., Rg = ( )

0000 158 ; R3 = Address of tne byte containing the most significant digit of

0000 159 . the minuend string

0000 160 ; RG = 0

0000 161 . RS = Address of the b¥tg containin? the most significant digit of

0000 16% : the string containing the difference

0000 163 ; X

0000 164 ; Condition (odes:

0000 165 ; .

0000 166 . N <- difference string LSS 0

0000 167 ; l <- difference string EQL O

0000 168 ; V <~ decimal overflow

0000 169 ; C<0

0000 170 . )

0000 171 ; Register Usage:

0000 17§ : )

0000 173 ; This routine uses all of the general registers. The condition codes
0000 174 ; are recorded in R11 as the routine executes.

0000 175 ;-

0000 176

0000 177 ENABLE LOCAL _BLOCK

0000 178

0000 179 VAXSSUBP6::

OFFF 8 B8 0000 180 PUSHR  #*M<RO,R1,R2,R3,R4,R5,R6,R7,R8,R9,R10,R11>  ; Save the lot
5 01 9A 0006 181 MOVZIBL #1,R9 ; Indicate that this is subtraction
06 11 0007 182 BRB 10§ : Merge with ADDPé code




J 7
VAKiDE%lHAL_ARlTHHETIC = VAX=11 Packed Decimal Arithmetic Instr 8-JAN-1985 17:27:?2 AX/VMS Macro Y04-00 Page 6 VA)

v04-00 VAXSADDP6 - Add Packed (6 Operand Format S5-SEP-1984 00:44: EMULAT.BUGSRCIVAXARITH.MAR; 1 (4) vO¢
0009 134 .SUBTITLE VAXSADDP6 - Add Packed (6 Operand format)
0009 185 ;e , g
8883 }89 . Functional Description:
r .
0009 188 ; In 6 operand format, the addend 1 string specified by the addend 1
0009 189 ; length and addend 1 address operands is added to the addend 2 string
0009 190 ; specified by the addend 2 Length and addend 2 address operands. The sum
0009 191 ; string specified by the sum length and sum address operands is replaced
0009 19; : by the result.
0009 193 ;
0009 194 ; Input Parameters:
0009 195 ;
0009 196 ; RO - addlien.rw Number of digits in first addend string
0009 197 ; R1 - addladdr.ab Address of first addend strina
0009 198 ; R - add%len.ru Number of digits in second addend string
0009 199 . R3 - addladdr.ab Address of second addend string
0009 200 ; R4 = sumlen.rw Number of digits in sum string
0009 201 ; RS - sumaddr.ab Address of sum string
0009 202 ;
0009 203 . Output Parameters:
0009 20¢ ;
0009 205 ; RO = 0
0009 206 . R1 = Address of the byte containing the most significant digit of
0009 207 . the first addend string
0009 208 ; R = 0
0009 209 ; R3 = Address of the byte containing the most significant digit of
0009 210 ; the second addend string
0009 211 ; R4 = 0
0009 212 ; R5 = Address of the byte containing the most significant digit ot
0009 213 ; the string containing the sum
0009 214 ; .
0009 215 ; Condition (Codes:
0009 216 ; .
0009 217 ; N <= sum string LSS O
0009 218 . 1 <= sum string EQL O
0009 219 ; V <- decimal overflow
0009 220 ; C <=0
0009 221 ; )
0009 222 . Register Usage:
0009 223 : ) ) i .
0099 224 ; This routine uses all of the general registers. The condition codes
0009 225 are recorded in R11 as the routine executes.
0009 226 :-
0009 SS?
0009 8 VAXSADDF6::
OFFF 8F BB 0009 229 PUSHR  #*M<RO,R1,R2,R3,R4,R5,R6,R7 ,R8,R9,R10 . R11> : Save the lot
59 D4 000D 0 CLRL  R9 : This is addition
000F 1 108: ROPRAND _CHECK  R& . Insure that R4 is LEGQU 31
58 ¢ 08}2 gi MOVPSL R1 . Get initial PSL
§8}E gg ; Indicate that the saved R4 must be cleared on the exit path
JLJK004S 22 58 1\F E3 0Q01¢C .1 BBCS #ADD_SUB_V_ZERO_R4,R11,25%8 ; Set bit and join common code
. LJK004S 20 11 0020 .2 BRB 25% ; In case we drop through BB(S
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the subtrahend string
7 1A

Condition (odes:

Address of the byte containing the most significant digit of
the string containing the difference

N <- difference string LSS 0
1 <~ difterence string EQL 0
V <~ decimal overflow

(<=0
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v04-001 VAX$SUBP& - Subtract Packed (4 Operand ¢ =SEP-1984 00:44:34 [EMULAT.BUGSRCIVAXARITH.MAR;1 (S) VO
08 29 . .SUBTITLE VAX$SUBP4 - Subtract Packed (4 Operand Format)
8 2 : Functional Description:
0 43 ; In 4 operand format, the subtrahend string specified b‘ subtrahend
0 46 ; Length and subtrahend address operands is subtracted from the difference
0% 45 string specified _b; the difference length and difference address
8 22 ; operands and the difference string is replaced by the result.
g %2 : Input Parameters:
g 50 : RO - sublen.rw Number of digits in subtrahend string
31 R1 - subaddr.ab Address of subtrahend decimal string
¢ 5¢ . Rg - diflen.rw Number of di?its in difference string
g ; R3 - ditfaddr.ab Address of difference decimal string
g . Output Parameters:
57 RO = 0
g R R1 = Address of the byte containing the most significant digit of
60 !

Register Usage:

This routine uses all of the general registers. The condition codes
are recorded in R11 as the routine executes.

=d=d=d=d=i=l=l=l{=lld=l=]o]elalololeleloclelalelolelalalalalalelalelalelalelelele]
jolelelelolelalalaleiziclalslelalelalolelelalololelalelelelelole L o)

AV, ST, VT, ST N1, VT ST, N1, S1. 81,87 .81, 1 N1 N1 VT VT N N NT UL VT N U NI VL NY ¢
OV NO NP =2 OO 00 NON NS~ (PO — O O 00 N N LN 2 O O 00 O A B i) = O

NO O PORLRIRI NI NV NIROLNL N R AU RO RD N AL NI A PL NI N R AN RIALND ROPONNON)
NIAIAIAINIRI NI NININININ PO N AU RN NI PO A PO AL NUNI P PN RO RO NN

O NN NNNNNNNVNOOCOOOOOOO

VAXSSUBP4: :
OFFF B8F B8 PUSHR  #*M<RO,R1,R2,R3,R4 ,R5,R6,R7,R8,R9,R10,R11> . Save the lot
59 01 9A MOVIBL #1,R9 : Indicate that this is subtraction
08 11 BRB 208 ; Merge with ADDP4 code
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Packed (& Operand Format 5-SEP=1984 00:44:346 L[EMULAT.BUGSRCIVAXARITH . MAR;1 (6)

LSUBTITLE VAXSADDP4 - Add Packed (& Operand format)
fFunctional Description:

*

In & operand format, the addend string specified by the addend Llength

and addend address operands is added to the sum string specified by the

:g- leng{? and sum address operands and the sum string is replaced by
e result.

Input Parameters:

RO - addlen.rw Number of digits in addend string
R1 - addeddr.abd Address of addend decimal string
Ri - sumlen.rw Number of digits in sum string
RS - sumaddr.ab Address of sum decimal string
Output Parameters:
RO = 0 _
R1 = Address of the byte containing the most significant digit of
R Bh. addend string
R% = Address of the byte containing the most significant digit of

the string containing the sum
Condition (odes:

N <= sum string LSS 0

1 <- sum string EQL 0

g <- 8ec1-al overflow
(-

Ve %o B¢ %aBeBoe B VoW B Bs By s BB Be Wy Ve Ve BsBeBoba®eve Bawo

Register Usage:

This routine uses all of the general registers. The condition codes

; are recorded in R11 as the routine executes.
15%: 858w CHECK _WRITE_ACCESS ; Pertorm rigorous access check
8RB 308 : String can be written after all
VAXSADDPG : :
PUSHR  #°M<RO,R1,R2,R3,R4,R5,R6, K7 ,R8,R9,R10,RT1> : Save the lot
CLRL RS ;. This is addition

. The output string, described by R4 and RS, will be the same as the input
. string for ADDP4 and SUBP4&. It _is necessary to explicitly clear R&<31:16>
. along this code path so MOVQ R2,R4 will not always work,

20$: MOVZIWL RQ,Ré . Set output size equal to input size
MOVL R3 RS : ... 3nd ditto tor string addresses
movPsL Rif : Get initial PSL

. Indrcate that the saved R4 will be restored on the common exit path
BB(C #ADD_SUB_V_ZERO_R4 ,R11,253 ; (lear bit and join common code

VA)
VO
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ADDPx/SUBPx Common initialization (Code

30

30

—O
~oO

(elelelealelelelele)
[(#leleleleleleolele)
[0 J o Yo SV IW TV TV IV TV ]
PORINY N gy

007

&7

Qi LA LA s
LRV IV LV T o ¥ o
2P = OO 08 O

MM LA L L LA L AN
r ONONONONO\NAALWZWALAL

* * L]
AN OO N O VSN =2 OV NIV NN W) — i) = O OB ~NO NS

CMLMAMAMANAN WM N\ MM MM
QOO NNN NN NNNOOOOOre ¢ o

~SEP=1984 00:44: EMULAT . BUGSRCIVAXAR]ITH MAR (7)
LSUBTITLE ADDPx/SUBPx (ommon Initialization (ode

M

®o ®e e Ve BBt DB 0.b . . - ®

ALL four routines converge at this point and execute common initialization
code until & later decision is made to do addition or subtraction.

R4 - Number of digits 1n destination string
RS - Acdress of destination string

R9 - Indicates whether operation is addition or subtra. rion
0 => addition
1 => subtraction

R11<¢31> - Indicates whether this is a 4-operand or 6-operand instruction
0 => 4-operand (restore saved R4 on exit)
1 => 6-operand (set R4 to zero on exit)

25%: INSV SPSLOM 7,80 .84 ,R1 ; Set l-bit, clear the rest in saved PSW
ESTABL ISH _MANDLER - ; Store address of access
ARITH_ACCVIO ; violation handler
ROPRAND (MECK RZ ; Insure that R2 is LEQU 31
MARK _POTNT ADD_SUB _8SBwW_0
858w DECIMALSSTRTIP_ZEROS_RZ_R3 ; Strip high order zeros trom R2/R3
ROPRAND CHMECK RO : Insure that RC is LEQU 31
MARK POINT ADD SUB BSBW 0

L L AL L I T

308: CLRQ -(SP)

BSBW~  DECIMALSSTRIP_ZEROS_RO_R?

Perform the access check on the output string for the worst case, 3 string
Large enough to accommodate 31 decimal digits. A detailed check using the

; Strip high order zeros from RO/R1

. correct b{ e length of the output string 1s necessary only if this initial
S.

probe fai The more detailed check can be handled out of Lline.
PROBEW #0 #16, (RS) ; Can result strin? be written?
BEQL 15¢ ; Branch if no write access allowed

Rather than totally confuse the already complicated logic dealing with
different Length 5"‘“3? in the add or subtract loop, we will put the
result into an intermediate buffer on the stack. This butfer will be long
enough to handle the worst case so that the addition loop need only concern
itse(t with the lengths of the two input loops. The required lgn?t is 17
bytes, to handle an addition with a carry out of the most significant byte.
we will allocate 20 bytes to maintain whatever alignment the stack has.

Set aside space for output string

CLRQ -(SP) : WOrst case strin? needs 16 bytes
CLRL -(SP) : Add slack tor a CARRY )
EXTIV  #1,84 R4 ,RB ;. Get byte count of destination string
ADDLY  R8,R5,-(SP) : Save high address end of destination
MOVAB ZG(SPS.RS : Point R> one byte beyond butfter

The nusber of minus signs will determine whether the real operation that we

. perform is addition or subtraction. Thac is, two plus signs or two minus
, signs will both result in addition, while a plus sign and a minus sign will

VAl
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0078 83 . result in subtraction. The addition and subtraction routines have their own
88;8 gg . methods for determining the correct sign of the result.

0078 86 ; For the purpose of counting minus signs, we treat subtraction as the
0078 387 ; addition of the negative of the input operand. That is, subtraction of a
0078 388 ; positive ?uant1g{ causes the sign to be remembered as minus and counted as
0078 389 . a minus sign while subtraction of a minus quantity stores a plus sign and
88;3 gg? . counts nothing.
0078 392 : On input to this code seqguence, R9 distinguished addition from subtroction.
0078 393 : On outpyt, it contains either 0, 1, or 2, indicating the total number of
88;3 ggg ; minus signs, real or implied, that we counted.
EF 88;% 396 EXTZV  #1,84,R0,R6 ; Get byte count for first input string
¢0 0080 397 ADDL R6,R1 ; Point R! to byte containing sign
0083 398 MARK _POINT ADD_SUB_2¢4
88 88%; 399 BICBY  #*B111100007 (R1¥,R6 : R6 contains the sign ''digit’’
EB gggg 28? BLBS R9,35% ; Use second (ASt if subtraction
8ggg 28% . This case statement is used for addition
008B 404 CASE R6, TYPE=B,LIMIT=#10,+~ ; Dispatch on sign digit
0088 405 508, - : 10 => sign is "+
0088 406 40%,- ; 11 => sign is ="
0088 407 508 ,~ ;12 => sign is '+
0088 408 40%,~ ;13 => sign is '’
0088 409 508,- : 16 => sign is '+
0088 410 508, - ; 15 => sign is "¢’
0088 411 >
0098 412
8838 2}2 : This case statemart is used for subtraction
0098 415 35%: CASE R6, TYPE=B,LIMIT=#10,<~ ; Dispatch on sign digit
0098 416 40§, - : 10 => treat sign 2s ''-"
0098 417 508.- : 11 2> treat sign as ''¢"’
0098 418 408,- : 12 => treat sign as ="'
0098 419 508, - ¢ 13 => treat sign as '+
0098 420 408,- : 16 => treat sign as '’=''
0098 421 40%,- : 15 => treat sign as '*-''
0098 422 >
00AB 423 ] .
DO Q0AB 424 408: MOVL #1,.R9 ; Count 3 minus sign .
9A Q0AE 425 MOVIBL #1%,R6 . The preterred minus sign is 13
1 888} 2%9 BRB 60$ . Now check second input sign
D4 0083 428 50%: CLRL R9 : No real minus signs so far
9A gggg 2%8 MOVIBL #12,R6 : The preferred minus sign is 12
EF 888? 431 60%: EXTIV  #1,.#4,R2,R7 . Get byte count for second input string
0 008D 43% ADDL R7,R3 . Point R} to byte containing sign
00CO 43 MARK _POINT ADD_SuB_24 _ ) o
88 88%2 634 B1(BY #*B111100007 (R3Y,R?7 . R7 contains the sign ''digit’’
00CS 435

1
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00CS 4 9 CASE R7 TYPE=B,LIMIT=410, . Dispatch on sign diqit
00C5 & 90‘,- : 10 => sigr. is T4
00C5 438 08,- : 11 2> sign is ="'
00C5 439 80%,- : 1§ =>» sign is '+’
00C5 440 70%,- ;s 13 => sign is ="
00CS 46 80%,- ;16 => sign is e
00C5 44; 80% .- : 15 => sign is ''e’’
00C5 44 >
00DS 444
59 D6 00D5 445 70%: INCL RO . Remember that sign was minus
57 0D 9A Q0D7 446 MOVIBL #13,R?7 ; The preferred minus sign is 13
03 1 888? 22; BRB 908 . Now check second input sign
57 0C 9A gggg 2;8 80s: MOVIBL M12,R7 : The preferred minus sign is 12
03 59 €9 8825 221 90$: BLBC R9,ADD _PACKED . Even parity indicates addition
oogy N 88%% :g% BRY SUBTRACT_PACKED ; 0dd parity calls for subtraction
00ES 455 .DISABLE LOCAL _BLOCK
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88%2 22; . .SUBTITLE ADD_PACKED - Add Two Packed Decimal Strings
00ES 459 ; Functional Description:
00ES 460 ; ) )
00ES 461 ; This routine adds two packed decimal strings whose descriptors
00€5 46§ ; are passed as input parameters and places their sum into another
88%2 224 : (perhaps identical) packed decimal string.
00ES 465 . At the present time, the result is placed into a 16-byte storage
00ES 466 ; area while the sum is being evaluated. This drastically reduces
00ES 467 ; the number of different cases that must be dealt with as each
88%2 228 : pair of bytes in the two input strings is added.
00ES 470 ; The signs of the two input strings have already beenr dealt with
00ES 471 ; so this routine performs addition in all cases, even if the original
00ES 472 entry was at SUBP4 or SUBP6. The cases that arrive in this routine
00ES 473 . are as follows.
00ES 474 ;
00ES 475 ; R2/R3 RO/R1 result
OOES ‘76 s foccvcvcssssscocnas doovoscoccsces LL T T Y Y Y ¥ Y T oeowencecs L)
00k o7 R2/R3 + RO/RI | L : ' :

: + : plus H lus ' lus H
00E5 479 : ;P ;P :
00ES 480 ; dmcccccccccncca- temccccccccccaa- dececccccacacac. +
00ES 481 ; \ . ' ' '
00ES 482 ; R2/R3 + RO/R1 | minus ' minus ' minus '
00ES 483 . ' ' ' '
00E5 484 ; tesresscercsaces teeccscccccccccs temcnsscecscaccs +
00ES 485 ; ' ! ' '
00ES  4R6 ; R2/R3 - RO/RY | minus ' plus ' minus '
O0ES 487 . : ' : '
00E5 488 . tocmmeccccocccnn tosesccccccccaa- $ocmcscccccnnone +
00ES 489 ; : ' : '
Q0ES 490 ; R2/R3 - RO/R1 | plus : minus ' plus '
Q0ES 491 ; ' ' ' '
Q0E5 492 . $emcmcccccccccas toscmcccccccncan $occcccccccccnan +
Q0ES 493 ;
00E5 494 . Note that the correct choice of sign in all four cases is_the sign
8852 232 : of the second input string, the one described by R2 and R3.
00ES 497 ; Input Parameters:

Q0ES 498 ;

Q0ES 499 ; R0O<4:0> - Number of digits in first input decimal string
00ES 500 ; R1 - Address of least significant digit of first input
88%; 381 : decimal string (the byte containing the sign)

00E 5 SO% : R§<6:0> = Number of digits in second input decimal string
00ES 504 ; R - Address of least significant digit of second input
8852 282 : decimal string (the byte containing the sign)

00E5 507 ; R4<4:0> = Number of digits in output decimal string L
00ES 508 ; RS = Address of one byte beyond least s1gntf1cant digit of
885; g?g . intermediate string stored on the stack

00E5 511 ; R6<3:0> = Sign of first input string in preferred form

885; g}% : R7<3:0> - Sign of second input string in preferred form
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R - Saved PSL (2-bit is set, other condition codes are clear)
(seP) - Saved RS, address of Least significant digit of ultimate
desgingt%on string,
4(SP) - Beginning of 20-byte buffer to hold intermediate result

Qutput Parameters:

The particular input operation (ADDPx or SUBPx) is completed in
this routine, See the routine headers for the four routines that
request addition or subtraction for a List of output parameters
from this routine,

ADD_PACKED:
MOovB R7,R9 : Use sign of second string for output
8L8( R9,10% ; Check 1f sign s negative
BISB #PSLSM_N,R11T ¢ +.. SO the saved N-bit can be set
MARK _POINT ADD_SUB_2¢4

108: BICBY #+800001111,(R1¥ R6 : Get least significant digit to Ré
MARK _POINT ADD_SUB_24
BICBY  #+B000011117(R3Y,R? ; Get least significant digit to R7
CLRL R8 ; Start the add wi.th CARRY ott

BSBW  ADD_PACKED_BYTE_R6_R? : Add the two Low order digits

. The following set of instructions computes the number of bytes in the two
. strings ard, if necessary, performs a switch so that RO and R1 always
; describe the shorter of the two strings.

EXTZV  #1,#4 ,RO,RO ; Convert digit count to byte count
EXTZV  #1,864,R2,R2 : Do it for both strings

CMPL RO R2 ; We want to compare the byte counts
BLEGU 20§ ; Skip the swap 1f we're already correct
Mova RO,R6 : Save the longer

Mova R2,.R0O : Store the shorter on R) and R1

Mova R6.R? : . and store the longer in R2 and R3Y

208: SUBL  RO.R? Make R2 a difference (R2 GEQU 0)

. RO now contains the number of bytes renainin? in the shorter string.
; R2 contains the difference in bytes between the two input strings.

TSTL RO . Does shorter string have any room?
BEQL 408 . Skio loop if no room at all

308: BSBW ADD_PACKED_BYTE _STRING ; Add the next two bytes together
SOBGTR RO,30% ; Check for end of loop

408: TSTL R2 ; Does longer string have any room?
BEQL 708 . Skip next loops it all done

50%: BLBC R8.,60% ; Life is simple it CARRY clear

CLRL R6 ; Otherwise, CARRY must propogate
MARK _POINT ADD_SUB_24

-
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57 73  9A 0129 569 MOVIBL =(R3),R?7 : So add CARRY to single string
0041 30 012C 570 BSBW ADD_PACKED _BYTE_R6_R7 ; Use the special entry point
F2 52 FS Q1¢F 571 SOBGTR RS S0s . Check for this string exhausted
06 N 8} 2 g;i BRB 704 ; Join common completion code
0154 274 MARK_POINT ADD_SUB_24
75 73 90 0134 75 60$: MOvB -(R3) -(R5) ; Simply move src to dst if no CARRY
FA 52 FS 8}%; §;? SOBGTR R2.60§ : ... until we're all done
75 58 90 8}36 g;g 708: Mmove R8,-(RS) . Store the final CARRY
0130 SSO ¢
Q130 581 . At this point, the result has beer computed. That result must be moved to
0130 seg ; its ultimate destination, noting w ether any nonzero digits are stored
013D 583 . so that the I-bit will have its cor-ect setting.
0130 584 ;
0130 585 . Input Parameters:
0130 586 ;
0130 587 ; R9<7:0> =~ Sign of result in preterred torm
0130 588 ; R11<3:0> - Saved condition codes
8}%8 ggg : R11<31> =~ [ndicates whether to set saved R4 to zero
0130 591 ; (SP) - Saved RS, high addres end of destination string
0130 592 ;-
0130 593
0130 594 ADD_SUBTRACT EXIT:
55 66 01 1 0130 595 ADDLY  #1,(5P) RS . Point RS beyond real destination
51 18 AE 9 0141 596 MOVAB 24 (SP),R1 . R1 locates the saved result .
010C 30 0145 597 BSBW STORE _RESULTY . Storc the result and record the Z-bit
1258 02 €0 8}22 ggg BBS #PSLS0_2,R11,1008 ; Jtep out of Line tor minus 2ero check
014C 600 MARK_POINT ADD_SUB_24
04 00 32 FO 8}28 601 80$: INSV RO, 20,84 ,3(8P)+ ; The sign can finally be stored
S 164 €O 0151 602 ADDL #20,5P : Get rid of intermediate buffer
0358 1F E1 0154 603 8B8(C #ADD_SUB_V_ZERO_R4,R11,908 : Branch it 4-operand opcode
10 AE D4 0158 604 CLRL 16(SP) ; Clear saved R4 to return zero
FEA2' 3 8};2 282 90%: BRW VAXSDECIMAL _EX]T . Exit through common code path
Q158 607 . If the result is negative zero, then the N-bit is cleared and the sign
8}2% 883 : s changed to a plus sign.
58 08 BA OQI1S¢ 610 1008: 8ICB #PSLSM_N,R11 ; Clear the N-bit unconditionall¥
€7 58 01 EO 0161 61 8BS #PSLSV_V,R11,808 ; Do not change the sign on overtlow
59 0C 90 0165 61§ MOvVB #12,R9 . Make sure that the sign is plus
E2 11 0168 61 8RB 80% i ... and rejoin the exit code

o~
[+ ¥ o
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.SUBTITLE ADD_PACKED_BYTE - Add Two Bytes (ontaining Decimal Digits

o 1)

o
»
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016A

‘4
Functional Description:

This routine adds together two bytes containing decimal digits and
produces a byte containing the sum that is stored in the output
string. Each of the input bytes is converted to a binary number
(with a table~driven conversion), the two numbers are added, and
the sum is converted back to two decimal digits stored in a byte.

This routine makes no provisions for bztes that contain iglegal
decimal digits. We are usin? the UNPREDICTABLE statement in the
architectural description of the decimal instructions to its fullest.

The bytes that contain a pair of packed decimal digits can either

exist in packed decimal strings Located by R1 and R3 or they can

be stored directly in registers. In the former case, the digits must

be extracted from registers before they can be used in later operations
because the sum will be used as an index register.

For entry at ADD_PACKED_BYTE_STRING:
Input Parameters:

Gl L U W L Ll L A ANPO PO PORUPNOPONNUNIN) ~b —b b et s — D
OO NOWN S i) =2 OO NS N 2 OO0 ~NOMWA MO

R1 = Address one byte beyond first byte that is to be added
R3 - Address one byte beyond second byte that is to be added
RS = Address one byte beyond location to store sum

6A 640

Implicit Input:

R6 - Scratch
R7 - Scratch

Output Parameters:
R
R3
RS

R8

Decreased by one to point to current byte in first input string
Decreased by one to point to current byte in second input strin
Decreased by one to point to current byte in output string

Either 0 or 1, reflecting whether this most recent ADD resulted
in a CARRY to the next byte.

For entry at ADD_PACKED_BYTE_R6_R7:
Input Parameters:

o

»
oooororOrOFOMONONONON
O O WVAAAWVIWAWALWAVAVLA
-t OO NO N AN = O

6A 66
Ré6 - First byte containing decimal di?ig pair
R? - Second byte containing decimal digit pair
RS = Address one byte beyond location to store sum
R8 - Carry from previous byte (R8 is either 0 or 1)

6A 643 ; R8 - Carry from previous byte (R8 is either 0 or 1)
: Output Parameters:
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1. It both of the input bytes contain only Legal decimal digits, then
it is only necessary to subtract 100 at most once to put all
possible sums in the range 0..99. That is,

99 ¢+ 99 ¢+ 1 = 199 LSS 200

2. The result will be checked in some way to determine whether the
result is nonzero so that the I-bit can have its correct setting.
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0}2: g;i ; R5 - Decreased by one to point to current byte in output string
16A 674 : R8 -~ Either 0 or 1, reflecting whether this most recent ADD resulted
016A 2;5 : in a8 CARRY to the next byte.
2;2 ; Side Effects:
ggg ; R6 and R7 are modified by this routine
681 ; RO, R2, R4, and R9 (and, of course, R10 and R11) are preserved
ggg : by this routine
ggg : Assumptions:
239 ; This routine makes two important assumptions.

ADD_PACKED_BYTE_STRING:

700 MARK POINT ADD_SUB_BSBW_24
701 MOVZBL ~(R1),R6 : Get byte from first string
702 MARK POINT ADD_SUB_BSBW_24
703 MmovZBL ~-(R3),R7 ; Get dbyte from second string

705 VAXSADD PACKED BYTE R6_R7:: : ASHP also usos this routine
706 ADD_PACRED BYTE_R6 R7:
707 movs DECIMALSPACKED_TO_BINARY_TABLECLR6S],~

56 71 9A
57 73  9A

56 0000°'CFé&6 90

WOVWOOOP00 NN NNNNNN~vNoeocOrOrOr OO O OOrOOOrOrOOrOrOOFOFOONORONONONONOM
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708 R6 ; Convert digits to binary
57 0000°'CF&7 90 709 MOVB DECIMALSPACKED_TO_BINARY_TABLELR?7],- .
710 R7 . Convert digits to binary
57 S6 80 711 ADDB R6,R7 ; Form their sum
57 S8 80 712 ADDB R8,R?7 : Add CARRY from lLast step
58 94 713 CLRB R8 ; Assume no CARRY this time
63 8F 57 91 714 (MPB R7,499 ; Check fqr CARRY
07 18 715 BLEau 10§ : Branch if within bounds
58 01 90 716 MOove #1,R8 . Propoqate CARRY to next step
57 ~ 64 BF 82 nz suB8  #100.R7 : Put R7 into interval 0..99
75  0000'CF&7? 90 718 10%: MOVB DECIMALSBINARY_TO_PACKED_TABLE[R7],~
05 ;}8 RSB =(RS) . Store converted sum byte
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8}3 ; i " .SUBTITLE SUBTRACT _PACKED = Subtract Two Packed Decimal Strings
8}3 ; g : Functional Description:
0193 4 9 : This routine takes two packed decimal strings whose descriptors
819 7287 are passed as input parameters, subtracts one string from the

19 778 ; other, and places their sum into another (perhaps identical)
8}8 ; 8 ; packed decimal string.
0198 731 : At the present time, the result is placed into a 16-byte storage
0198 7 i : ares while the difference is being evaluated. This drastically reduces
0198 733 . the number of different cases that must be dealt with as each
8}33 ;Sg R pair of bytes in the two input strings is added.
0198 736 : The signs of the two input strings have already been dealt with so
0198 737 . this routine performs subtraction in all cases, even if the original
0198 7;8 ; entry was at ADDP& or ADDPS.
0198 739 ;
0198 740 ; Input Parameters:
0198 741 ;
0198 742 ; RO<4:0> - Number of digits in first input decimal string
0198 743 ; R1 - Address of least significant digit of first input
8}83 ;2; : decimal string (the byte containing the ign)
0198 746 : R2<4:0> - Number of digits in second input decimal string
0198 747 ; RS = Address of least significant digit ot second input
8}33 ;23 : decimal string (the byte containing the sign)
0198 750 : R4<4:0> - Number of digits in output decimal string N
0198 751 ; RS = Address of one byte beyond least significant digit of
n192 ;gi : intermediate string stored on the stack
Oryo 754 : R6<3:0> - Sign of first input string in preferred form
8}3% ;gz R R7<3:0> - Sign of second input string in preferred form
8}33 ;gg : R = Scved PSL (Z-bit is set, other condition codes are clear)
0198 759 : (SP) - Saved RS, address of least significant digit of ultimate
0198 760 . destination string.
8}33 ;21 : &(SP) - Beginning of 20-byte buffer to hold intermediate result
0198 763 : Output Parameters:
0198 764 ; X
819 765 ; The particular input operation (ADDPx or SUBPx) is completed in

19 766 . this routine. See the routine headers for the four routines that
019 767 ; request addition or subtraction for a List of output parameters
8}3 ;63 : from this routine.
8}38 ;7? : Algorithm for Chofce of Sign:
019§ 77§ : The choice of sign for the output string is not nearly so
019 773 ; straightforward as it is in the case of addition. One approach that is
0193 776 ; often taken is to make a reasonable auess at the sign of the result.
019 775 . It the final subtraction causes a BORROW, then the choice was incorrect.
0198 776 . The sign must be changed and the result must be replaced by its tens
8}33 ;;g : complement.
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This routine does not guess. Instead, ft chooses the fnput string of
the Larger absolute magnitude as the minuend for this internal
routine and chooses its sign as the sign of the result.

This algorithm is actually more efficient than the reasonadle

guess method and is probas l‘ better than a guess method that {s never
wrong. All conYLOte ytes that are processed in the sign evaluation
preprocossin? oop are eliminated from consideration in the
subtraction [oop, which has a higher cost per byte.

The actual algorithm is as follows. (Note that both input strings have
otreqd¥ had Leading zeros stripped so their lengths reflect
significant digits.)

1. 1t the two strings have unequal lengths. then choose the sign of
the string that has the longer Length
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2. For strin?s of equal Llength, choose the sign of the string whose
most significant byte is Larger in magnitude.

3. If the most signifiqant bytes test equal, then decrease the
lengths of eac strtns by one byte, drop the previous most

800 significant bytes, and go back to step 2.

4. If the two strings test equal, it is not necessary to do any
subtraction. The result is identically zero.

Note that the key to this routine's efficiency is that high order

b‘tes that test equal in this loop are dropped from consideration in
the more complicated subtraction loop.

SUBTRACT PACKED:
SO 04 Ext2v
5¢ 04

52

EF #1,84 ,RO,R0 . Convert digit count to byte count

EXTIV M\ ,84,R2,R2 : Do it for both strings

CMPL RO, R2 ; We want to compare the byte counts
BLSSU  40$ : RO/R] represent the smaller string

8GTRU  30$% : R2/R3 represent the smaller string

POON O —s

ANHANVIWVAO WO
it it )
N

. determine which string is really larger. If the two strings test equal, then
: skip the entire subtraction loop.

SUBL3 RO,R1,R8
SUBL3  R2,R3,R9
TSTL RO
8eaL 20%

MARK_POINT ADD_SUB_26
108: CMPB (RB)+, (R9)+ ; _
8LSSU  40% : RO/R1 represent the smaller string
BGTRU  30% : R2/R3 represent the smaller string

Point R8 to low address end of RO/R\

Point R9 to low address end of RZ2/R3

See if both strings have zero g¥tg§
gi

WA
Uele
[V IV ]
N—
SONO
- O €y
(VL 1V 1V ]
YRR TR

OV

Still need to check iow order
89 Compare most significant bytes

Keep R2 in step with RO
... which gets decremented here

A b et
ONo 00
gl = R XV, ]
VAN T

DECL Rs
SOBGTR RO,10%
. At this point, we have reduced both input strings to single bytes that

- =t e QDA = O N0 O OO O O N = O ™ OB 00O 00 00 0N OB 0 O OB O G 0D OF B OB 0D 0B 0D 80D 00 OD0 00 0B 00 0000 0O OO0 §

(elelelelalelelelelelelalelalelelelalalalelelalelalalealalelalelalelelalalealalelealelalelelelelelolalela alelale o)
— wnd cod il ol el il e el e ) e el i ) ) il =l el ) e ) el e e el ) Al el el ) il el il el el e D il el S sl D e el e el ) el e el e ) e
AADDODOOOEODMODIFE P> 3 P 0000 OO0 OO0 OO OO0 OO0 0000000 OO OO0 0000

:
4
5
é
14
8
9
0
1
2
3
6
:
g The two input strings have an equal number of bytes. Compare magnitudes to
9
0
:
4
5
é
7
8
9
0
%
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01¢1 & ; contain a sign "'digit’’' and may contain a digit in the high order nibble
0}%} 3%5 ; it the oriqigal digit counts :ere nonzero. 9 I
81(1 §;9 MARK_POINT ADD_S' 3_24
58 68 OF 88 Q1C1 &’S 20%: BICBS  #48000011117(nCT RS : Look only at digit, ignoring sign
01€5  3%9 MARK _POINT ADD_SUB_24
59 69 0OfF 88 01C5 40 BICBY  #+8000011117(R9Y,R9 ; Get the digit from the other string
59 58 91 01(9 61 (mPB R8 RO . Compare these digits
15 1F 01cC 4; BLsSu 40§ : RO/Ri represent the smaller string
03 1A 8}88 gz‘ BOGTRU  30% : R2/R3 represent the smaller string
0100 SAS . The two strings have identical magnitudes. Enter the ond processing code
8}38 829 : Wwith the intermediate result unchanged (that is, zero).
FF6A 3 8}8% g:g BRW ADD_SUBTRACT EXIT : Join the common completion code
0103 8,0 . The string described by RO and Rl has the larger magnitude. Choose its sign.
0103 851 ; Then swap the two string descriptors so that the main subtraction loops
0103 85; . always have RZ and R3 descr1b1ng the Larger string. Note that the use of
8}8% 324 : R6 and R7 as scratch Leaves R7<31:8> in an UNPREDICTABLE state.
59 56 90 01p3 855 30s: mMovs R6,R9 . Load preferred sign into R9
56 50 70 OQ1p6 856 Move RO,R6 : Save the longer
50 52 70 0109 857 MOvQ RZ2.RO : Store the shorter on RO ang R1
52 56 70 01pC 858 MOvaQ R6.R2 : «.. and store _the lon?er in R2 and R3
57 04 QIDF 859 CLRL R7 : Insure that R7<31:8> is zero
03 N 8}%; gg? BRB 508 . Continue along common code path
8}%% gg% : The string described by P2 and R3 has the larger magnitude. (hoose its sign.
59 57 90 8}52 ggg 408: move R7,R9 : Load preferred sign into R9
52 50 01E6 866 SO8: SUBL RO,R? : Make R2 » difference (R2 GEQU 0)
03 59 E9 019 867 BLBC R9,60% : Check if sign is negative
58 08 88 8}%; ggg BiSB #PSLSM_N,R11 : ... SO the saved N-bi* can be set
01€F 870 MARK _POINT ADD_SUB_24 _ .
56 61 OF 88 O01EF 871 60%: BICBY  #48000011117(R1Y, RS : Get least significant digit to R6
01F3 arg MARK _POINT ADD_SUB_24 _
57 63 OfF 88 01f3 87 BI(BY  #4B0000°111;(R3Y,R? : Get least significant di81t to R7
38 D6 01F7 874 CLRL R8 ; Start subtracting with BORROW off
0032 30 8};2 g;g BSBW SUB_PACKED _BYTE_R6_R7? ; Subtract the two lLow order digits
QIFC 877 . RQ contains the number of bytes remaining in the smaller string
8}:% g;g : R2 contains the difference in bytes between the two input strings
50 DS Otf(C 880 TSTL RO . Does smaller string have any room?
06 13 8}58 Bg1 BEQL 808 ; Skip loop it no rone at all
0025 30 8 02 8§ 708: 8s8v SUB_PACKED_BYTE_STRING ; Subtract the next two bytes
FA 50 FS g 86 §g SOBGTR RO,70% . Check for end ot lLoop
¢ D05 0206 9 80%: TSTL R2 . Does one of the ;trin?s have more?
16 13 8 82 §8 BEQL 1108 . Skip next loops it all done
00 58 €9 8288 98 908%: 8LB( R8,100% ; Life is simple if BORROW clear
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. Otherwise, BORROW must propogate

So sudbtract BORROW from single string
Use the special entry point

Check tor this string exhausted

Join common completion code

Simply move src to dst if no BORROW
. until we're all done

BE REPLACED WITH THE CORRECTY

[t BORROW is set here, we blew it
Branch out if OK
This will cause an OPCDEC exception

K 8
- VAX=11 Packed Decimal Arithmetic Instr
SUBTRACT_PACKED = Subtract Two Packed De S5-SEP=-198' 00:44:
D& 220D 9N CLRL R6
8 8* 9§ MARK POINT ADD_SUB_24
9A f 9 MOVIBL ~-(R3),R7 ;
30 0 lg 94 BS8Y SUB _PACKED G178 _R6_R7
FS 0Q1 95 SOBGTR RZ,90% :
1 8 16 99 8RB 1108 ;
1A 9
0¢1A 98 MARK POINT ADD_SUB_24
90 O021A 99 100%: mOVB -(RY) , =(RS) :
FS 0010 900 SOBGTR R2,1008 ;
8 S 301 110%
0550 308
0% 0 904 ;. veeceveeee BEGIN TEMP eecececene
0220 905 ;..
0250 906 ... THE FOLLOWING HALT INSTRUCTION SHOULD
0220 907 ;.. ABORT CODE.
0220 908 ...
0220 909 ;.. THE MALT IS SIMILAR TQ THE
0220 910 ;.::;
8%%8 g}1 HN MICROCODE CANNCT GET MERE
0220 91§ s ERRORS THAT OTHER ]MPLEMENTATJONS USE.
0220 914 ;:;
DS 0220 915 tstl r8 :
13 022 916 begl 1208 :
N0 0224 917 halt :
0225 918 120%:
0225 919 ;..
0225 920 ;:;; evescensece END TEMP teccnentene
0225 921
31 0225 922 8RY ADD_SUBTRACT _EXIT :

Join common compietion code

—

Pa 0
jooe &0

VA
vO
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. LSUBTITLE SUB_PACKED_BYTE - Subtract Two Bytes (ontaining Decimal Digi
: Functional Description:

This routine takes as input two bytes containing decimal digits and
produces a byte containin? their difference. This result is stored in
the output string. Each of the input b{tos is converted to a binary
nusber (with a table-driven conversion), the first number is
subtracted from the second, and the difference is converted back to
two decimal digits stored in a byte.

This routine makes no proyisions for bytes that contain illegal
decimal digits. We are using the UNPREDICTABLE statement in the
architectural description of the decimal instructions to its fullest.

; The bytes that contain 8 pair of packed decimal digits can either

: exist in packed decimal strings located by R1 and R3 or they can

; be stored directly in registers. In the former case, the digits must

: be extracted from registers before they can be used in Later operations
: because the difference will be used as an index register.

; For entry at SUB_PACKED _BYTE_STRING:
Input Parameters:

R1 - Address one byte beyond byte containing subtrahend
R - Address one byte beyond byte containing minuend
RS = Address one byte beyond location to store difference

R8 - BORROW from previous byte (RB is either 0 or 1)
Implicit Input:

R6 - Scratch
R? - Scratch

Output Paraseters:

R1 - Decreased by one to point to current byte
in subtrahend string

R3 - Decreased by one to point to current byte

; in minuend string )

; RS - Decreased by one to point to current byte

R in difference string

e We Bsr 8o B Ve N, e

; R8 - Either 0 or 1, reflecting whether this most recent
: subtraction resulted in 3 BORROW trom the next byte.

For entry at SUB_PACKED_BYTE_R6_R7:

; Input Parameters:

; R6<7:0> - H‘to containing decima. digit pair for subtrahend
; R6<31:8> - mB?

: R7<7:0> - te containing decimal digit pair for minuend
; R7<31:8> - Wil ’ 9
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57 73

56  0C00'CF&b
57 0000°CF47

57 56

57 58
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58

07

57 64 BF
58 01

75 0000°'CFa47
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Side Effects:

by this routine

Assumptions:

B Be Ve W Vs BB, Be W BuB; e

SUB_PACKED_BYTE_STRING:
MARK POINT

mOvIBL -(R1),R6

MARK POINT

mOvIBL -(R3),R?

SUB_PACKED BYTE_Ré _R7:

n 8
Decimal Arithmetic Instr
- Subtract Two Bytes (on

Output Parameters:

ADD_SUB_BSBW_24 _ _

. Get byte from first string
ADD_SUB_BSBW_26 _

: Get byte from second string

-JAN-1985 17:27:01 VAX/VAS Macro y04-00 Page
=~SEP-1984 00:464:564 [EMULAT . BUGSRCIVAXAR]TH _MAR;

R5 = Address one byte beyond location to store difference

R8 - BORROW from subtraction of previous byte
(R8 is either 0 or 1)

; R5 - Decreased by one to point to current byte
: in di‘terence string

R8 - Either 0 or 1, reflecting whether this most recent
subtraction resulted in 3 BGRROW from the next byte.

R6 and R7 are modified by this routine
RO, R2, R4, and R9 (and, of course, R10 and R11) are preserved

This routine makes two im:~rtant assumptions.
1. 1t both of the input bytes contain only legal decimal digits, then
it is only necessary to asd 100 at most once to put all
possible diftferences in tne range 0..99. That is,
0-99 -1

2. The result will be checked in some way to determine whether the
result is nonzero so that the l-bit can have its correct setting.

] 'DEtlHALS:gCKED_!O_BINARV_TABLE[&b].'

MOVE  DECINALSPACKED_TO_BINARY

SUBB  R6,R7
SUBB  RB R7
BLSS 10§
CLRB R8
BRB 208

108 : ADDB  #100.R7
move  #1,R8

Conver; digits to binary
ABLE(R7]),-" .

Convert digits to binary

Form their ditfterenrce

Include BORROW from Last step
Branch if need to BORROW

No BORROW next time

Join common exit code

; Put R? into interval 0..99
; Propogate BORROW to next step

203:  KOVB  DECIMALSBINARY_TO_PACKED, !

ABLE[R?],-
Store converied sum byte
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.SUBTITLE STORE_RESULT = Store Decimal String
functional Description:

24
(12)

*>

This routine takes a packed decimal string that typically contains
the result of an arithmetic operation and stores it in another
decimal string whose descriptor is specified as an input parameter
to the original arithmetic operation.

The string is stored from the high address end (least significant
d\?lts) to the low address end (most significant digits). This order
allows all of the special cases to be handled in the simglest fashion.

Input Parameters:

R1 = Address ore byte beyond high address end of input string
(Note that this string must be at least 17 bytes long.)

R4<4:0> = Number of digits in ultimate destination

RS = Address one byte beyond destination string

R11 - Contains saved condition codes

Implicit Input:

The input string must be at lerst 17 bytes long to contain a potential
carry out of the highest digit when do1na n add of two lLarge numbers.
This carry out of the Last byte will be detected and reported as a
decimal overflow, either as arn exception or simply by setting the v-bit.

The Least signiticant digit (highest addressed byte) cannot contain a
sign digit because that would cause the Z-bit to be incorrectly cleared.

Output Parameters:
R11<PSLSV_2> = (leared if a nonzeco_di?it is stored in output string
R11<PSLSV_V> - Set if a nonzero digit is detected after the output
string is exhausted

A portion of the result (dictated by the size of R4 on input) is
moved to the destination string.

L NI NI N RN N NE N FE N N NI N NN RN I N I TN NN IR R I T IO JPOE SPS R TEE TP SR PR R JPR I RPN RPRR R

STORE_RESULT:

[elalelelalelelelelelelnleleoleoleolelelealele]leoleleleolelelec]lelelaleloleleleoleleleloleleoleloleoleleleolelolelelelelelelas ]
YL N NI NI NS NI NI NN NS STLNTSLNT.NT LN ELNTNT N NTNT NTNT TN NT N T NN NI N LN S N N LN L T N NN N N N YY)
O O O~ OO O VN WALAA\ALAAVVAVAWVAAWA VA VAWAWA LAWAWAWA WAV LA WA u'lmmmmwwmmmmmmmmwmmmmmmmm\:

Lo Jo T I NTalelolelo b Fo W W F W F W W ikl al af 2F X o oF W W S W S A A X Y oY VW W W A A - W
e D i el it sl il ol ) i e ol e S el il e 1 e el i e sl sl e el o D el el ) ) il ) el e S el el sl il e e i D D el el e e el el sl e s i

(elelelelele elios =l il dmllelelelolalelals]lalelelalelelelalelelalelelalelaleelelele olelalelalele le]

OOOOOOWPOOOOO WO VNN NNNNNNNOOOOOOOOOO - NN AWVMVNIWVIVAVIWVAWME S D000
AN =2 OO ~NO NN = OO 00 ~NON WL LA = OO 00 O WA 8 L) <2 O O OB O W 8 L) — O 0O G0 N A B L) — O

5¢ D6 INCL Ré . Want number of ‘‘complete’’ bytes in
S¢ FFf ga 78 ASHL #-1,R4,R0 . output string
08 BEQL 308 ; Skip first loop if nrone
MARK_POINT ADD_SUB_BSBW_24
75 71 90 10%: MOV8B -(R1),=(RS) . Move the next complete byte
03 13 BEQL 20% : Check whether to clear Z-bit
06 B8A Bi(B #PSLSM_2,R11 . Clear Z-bit it nonzero
FS 50 FS 208: SOBGTR RO,10% : Keep going?
10 5¢ €9 30s: BLBC R4,50% . Was original R4& odd? Branch it yes
MARK_POINT ADD_SUB_BSBW_24
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RESULT - Store Decimal String -SEP-1984 00: EMULAT.BUGSRCIVAXARI TH.MAR; 1
BICBS #%B11110000,-(R1),=-(RS) ; If R4’ was even, store half a byte
BEAL 408 . Need to check for zero here, too
BICB #PSLSM_7 ,R1Y ; Clear 7I-bit if nonzero
MARK _POINT ADD_SUB_BSBW_24
40%: BIT8 #°811110000; (R1Y : 1t high order nibble is nonzero,
BNEQ 70% ; ... then overflow has occurred

"he entire destination has been stored. We must now check whether any of

the remainin 1ngut string is nonzero and set the V-bit if nonzero is
detected. Note that at least one byte of the output string has been examined
in all cases already. This makes the next byte count calculation correct.

LER FR Y ¥

508: rcCL Ré ; Restore R4 to its original self
EXTIV M ,#4,R4,R0 ;s Extract a byte count
SUBB3Y RO,#16,R0 : Loop count is 16 minus byte count

; Note that the Loop count can never be zero because we are testing a 17-byte
: string and the largest output string cen be 16 bdytes tong.

MARK_POINT ADD_SUB_BSBW_24
60$: 1ST8 -(R1) ; Check next byte for nonzero
BNEQ 70$ : Nonzero means overflow has occurred
SOBGTR R0,60% : Check for end of this Lloop
RSB ; This is return path for no overflow
708: BISB FPSLIM_V, RN : Indicate that overflow has occurred
RSB : «.. and return to the caller

——————

25
(12)
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VAXSDEC [MAL _ARITHMET]( - VAX=11 Packed Deci L

v04-001 = CHECK_WRITE_ACCESS = Check Writability 5-SEP=-1984 00:44 EMULAT.BUGSRCIVAXARITH.MAR;1
;LJIK004S 029 . +SUBTITLE - CHECK_WRITE_ACCESS - Check Writability ot Decimal String
+LJKO04LS 029 .g R

:LJK004S 029 .3 ,; Functional Description:

:LJK0OGS 029 Ao

;LJK004S 029 S The ADDP4 and SUBP4 instructions are unique in that they are the only
s LIK004S 029 N two instructions that read and write the same packed decimal string.
s LJKOO4S 0292 A They are, in fact, implemented as ADDPS and SUBPS where the second

s LIKO04LS 0292 .8 in?ut string, ADDend2 or MINuend, and the result string, SUM or
sLJK0O4LS 0292 .9 . DIFference, are the same. But ADDP6 and SUBP6, as well as all other
;LJK004S 0292 .10 ; acked decimal instructions except ADDP4 and $UBP4, produce

sLJKOOGS 0292 .11 ; NPREDICTABLE results when an output string overlaps any input string.
LJK0O4LS 0%9% .1; : With this interpretation, ADDP4 and SUBP4 are the only packed decima
s LJK0OGS 029 A5, instructions that permit overlag?ing packed decimal strings. (Note
+LJK004S 0292 .14 ; that the result string, SUM or DIFference, may not overlap the first
+LJK00LS 0292 .15 ; input string, ADDend or SUBtrahend.)

sLJK00LS 0292 .16 ;

:LJIKO04S 0292 .17 . The implementation of ADDP4 and SUBP4, interpreted as ADDPS and SUBP6
;LJIKO0LS 0292 .18 ; with overlafping strings, needs to protect itself from modifying
:LJKO04S 0292 .19 ; memory until the entire instruction can execute to completion.
:LJK0O4LS 0292 .20 ; Otherwise, the instruction will be restarted with a different initial
:LJK004LS 0292 .21 . state than it first had. This is accomplished by ?robtng the result
;LJK00LS 0292 .22 : string for write access before execution begins. This routine receives
s LJKO0LS 0292 .23 ; control if that PROBEW fails.

;LJKO04LS 0292 .24 ;

;LJK004LS 0292 .25 In the interest of simplicity, the PROBEW that is executed always uses
s LJIKOOLS 0292 .26 : 16 as the byte count ot the result string. This routine can then be
sLJKOO4S 0292 .27 : called not only when the output string is inaccessible but also when
;LJK004S 0292 .28 ; L

:LJK004S 0292 .29 ; The output string is shorter than 16 bytes.

;LJK004LS 0292 .30 ; . ]

s LJIKOO4S 0292 .31 ; The address of the output string is within 16 bytes of the
:LJK004S 0292 .32 ; end cf the page.

:LJK0O4LS 0292 .33 ; ) .

;LJK004LS 0292 .34 ; The page containing the string is writable.

;LJK004LS 0292 .35 ; .

:LJKOO4S 0292 .36 ; The next page is not writable.

;LJK0O4S 0292 .37 ; ) o ) ) ) ] .

;LJIK004S 0292 .38 ; This routine distinguishes inaccessible strirgs from this rare case of
:LJK004S 0292 .39 ; a PROBEW failure.

s LJK0O4S 0292 .40 ; ) ) e

:LJK004S 0292 .41 ; In other words, this routine checks the write accessibility of packed
:LJIK004S 0292 .6% : decimal strings, If the entire string is writable, control is passed
:LJK0OLS 0292 .43 ; back to the caller where emulation continues. 1f the string is not
+LJKDOLS 029% Y writable, an access violation is generated.

:LJKO0LS 029 4S5

LJIK004S 0292 .46 ; Input Parameters:

;LJK004S 0292 .47 ; L .

;LJIK0D4S 0292 .48 ; R4 - Dlg1t count of result string = .

;LJK004LS 0292 .49 ; RS -~ Address of most cignificant digit in result string

sLJK004S 0292 .50 .

;LJIKO04LS 0292 .51 . Output Parameters:

;LJKOO4S 0292 .S; :

;LJK004S 029 .93, None

s LJK004S 0%9 56 .

;LJK004LS 029 .95 ; Implicit Quptut:

:LJK004S 0292 .56 ; ) L. ) )

;LJK004S 0292 .57 ; If the string with its correct byte count is writable, control




E 9
mal Arithmetic Instr B8-JAN- 198 17:27: 91 VAX/VMS Macro V04-00 Page
00: & [

VAXSDECIMAL _AR]THMETIC = VAX=11 Packed Deci 27
v04 =001 - CHECK_WRITE_ACCESS - Check Writability 5-SEP-1984 00:44 EMULAT .BUGSRCIVAXARI TH.MAR; 1 a3
:LJX004S 29 .98 ; is returned to the caller.
:LJK0045 8 9 .59
;LJIK0O4S 0¢9 .60 ; If the string with its correct digit count is not writable, then the
1LJIK004S 029 .61 ; string is accessed to force an access violation to occur. fhis will
:LJK004S 029 .6§ : cause control to be transferred eventuall{ to the access violation
:LJKO04S 0%9 .63 ; handler at the end of this module that will back out the instruction
s LJK004S 029 .64 so that it can be restarted.
+LJK004LS 029 .65 ;
s LJK004S 029 .66 ; Assumption:
s LJK004S 029 67 ;
s LJIKD04LS 029 .68 ; This routine assumes that the check for illegal digit count has
1LJIK0045 0593 .99 : already been made so that R4 is between 0 inclusive.
:LJIK0045 029 .70 ;
+LJIK004S 029% .71 ; No:e:
s LJK004S 029 .7% :
:LJIK0065 0292 .73 ; It is necessary to actually touch the inaccessible ﬁage sO that the
+LJK0OLS 0292 .76 ; correct reason mask is generated. Logic that uses the PROBEW
SLJIK006S 0292 .75 ; instruction can determine the inaccessible virtual address but is
s LJK00GS 0292 .76 ; unable to distin uish for example, between length violations and page
s LIK004S 029% A7 protection violations.
s LJKO04S 029 .78 ;-
;LJK004LS 0292 .79
:LJK004LS 0292 .80 CHECK_WRITE ACCESS: '
:LJKO0LS 56 D 0292 .81 PUSAL  Ré ; Save the digit count
;LJIKOOLS 5S¢ 064 22 EF 8%33 .82 EXTlV #1,046 ,R6,RG ; Convert digits to bytes
sLJK004S 5« D6 0299 .83 INCL Ré ; Count the bgte that contains the sign
s LJIKO0LS 65 54 00 0D 0298 .84 PROBEW #0,R4, (RS) ; Cneck writability of the str1ng
:LJIKO04LS 06 13 029f .85 BEQL 104 : Branch if strinz cannot be written
1LIK004S S¢ 8t DO 02A1 .86 MOVL (SP)+,Ré : Restore saved R
:LJIK004S 05 0Q2a4 .87 RSB ; Return to caller. String is OK
;LJKO0LS 02AS .88 . ] )
sLJIKO04S 02AS .89 ;. The first and Last bytes of the string are touched (written) with an
s LIK0OLS 02AS .90 .
:LJKDO4LS 02AS 91 ADDB2  #0,xxx
:LJIK004LS 02A5 .92 ;
sLJIKO04LS 02A5 .93 ; instruction. This instruction causes the correct access violation reason
:LJIKOO4LS 02A5 .94 ; mask to be generated but does not modi f; the contents of locations that are
:LJKDO04LS 02A5 .95 . accessible. Note that at lesst one of the following tno ADDB?2 instructions
s LJIKO04S 02A5 .96 ; is guaranteed to generate an access v olation. transf err1n? control in a
s LJIK004S 02A5 .97 ; rather complicated way to the ADD_SUB_BSBW_ & access violation handler.
s LJK004LS 02AS .98
sLIKO04LS 02AS .99 MARK POlNT ADD_SUB_BSBW_&
sLJK00&S 65 00 80 OgAS .100 108: ADDB?2 (RS) : Touch the first byte
:LIK004S 02A8 .101 MARK PO lNT ADD_SUB_BSBW_&
:tjzggzg 6544 00 80 8%2% .}8; ADDBZ  #0,(RS)[R&)™ : Touch the last byte
s LJIK004S 02AC .1064 : We should never reach here unless the PROBE instruction is broken. We
;LJK004GS 02AC .105 : will leave this code Rath in for now but remove it at the same time we
+LJKDO4LS 02AC .106 ; change the other two HALT instructions in this module into software
;LJIK0O4LS 02AC .107 ; generated machine checks exceptions.
sLJK006S 02AC .108
s LJK004S 02AC .109 i wvereereee BEGIN TEMP seenneenee
;LJKOO4S 02AC .110 i
;LJIK004S 8 AC 111 ., THE FOLLOWING HALT INSTRUCTION SHOULD BE REPLACED WITH THE CORRECT
;LJK004S AC .11§ +:: ABORT CODE.
:LJKD04S 02AC 113 ;.;




VAXSDEC IMAL _ARITHMETIC
v04<=001

:LJKO04S
;LJKOOGS
; LJKOO4LS

- VAX=11 Packed
- CHECK_WRIT

3
00 02AC .1
02AD }

A
14
15
02AD 16 :

F 9

Decimal Arithmetic Instr 2-JAN-1

CESS =~ Check Writability 5-SEP-198
halt

; wesvevencne END TEMP eteoernenee

C

17:27: g VAX/VMS Macro v04-00 Page
00:46:364 [EMULAT.BUSSRCIVAXARITH . MAR;1

; This will cause an OP(DEC exception

28
(1%

Vi
V(




VAXSOE C IMAL ARITHMET I

- VAX=11 Pack
VAXSMULP - My

D

VOOV UO0OOUVO0OO0OO0O0OO0O0O0V0

)R P 2RI R P33R L2223 2323332333 DIISDIISD DS
COOUO0OU0D0ODDOUVUOUVDOD

[(elelelealeleleleleleleolelelelaleleleieliclelelelelviclelalelalalalelalelelolelelelelelelelalelele alelels]
o

ST S S T T N S A A At a Al A LN LS S A AN A A AN AN A A LN, ST VT N1 N1 N ST NT NTNT N NT N

AD

]
iply Packed -SEP-1984 00:44:

— il el el ) ) il sl =l D "l il ) =l =l =l ol il =l el el il el ) =l ) = il il ] sl D D ) ol el il D el il ) il il el el el ) el D i sl vl il il el
—ld il el ) i ) el v ) i el e ) ) wd ) ) e il il - ) - i =l i D il el i D el el el D el el il il el i il il et D el el el el el il il el il

6 9
ecimal Arithmetic Instr §8=-JAN-1985 17:27:91 AX/VMS Macro V04-00 Page
4 EMULAT.BUGSRCIVAXARITH,.MAR; 1

. LSUBTITLE VAXSMULP - Multiply Packed

: Functionsl Description:

The multiplicand string specified b{ the nultiglicand length and
multiplicand address operands is multiplied by the multiplier string
specitied by the multiplier Length and multiplier address operands. The
product string specified by the product Llength and product address
operands is replaced by the result.

Input Parameters:

RO - mulrlen.rw Number of digits in multiplier string
R1 = mulraddr.ab Address of multiplier string
R¢ = muldlen.rw Number of digits in multiplicand string
RS - muldaddr.ad Address of multiplicand strin?
R4 - prodlen.rw Number of digits in product string
RS - prodaddr.ab Address of product string
Output Parameters:
RO =0
R1 = Address of the byte containing the most significant digit of
R the multiplier string
R% = Address of the byte containing the most significant digit of
" 6he multiplicand string
RS = Address of the byte containing the most significant digit of

the string containing the product
Condition Codes:

N <= product string LSS 0
I <- product string EQL 0
g :- 8ec1nal overflow

Register Usage:

This routine uses all of the general registers, The condition codes
are computed at the end of the instruction as the final result is
stgred in the product string. R11 is used to record the condition
codes.

Notes:

1. This routine uses a large amount of stack space to a!low storaae of
intermediate results in a convenient form. Specifically, each digit
pair of the longer input ztrtng is stored in binary in a Longword on
the stack. In addition, 32 longwords are set aside to hold the product
\néeasediate result. Each longword contains a binary number between 0
an .

After the multiplication is complete, Each longword is removed from
the stack, converted to a packed decimal pair, and stored in the
output string. Any nonzero cells remaining on the stack after the

I FRE FENE FENFE TN FE YR TR YR FE FEFE NN FE FEXE TR FER TR FR NI NEE FE KR FE NN FN FIN N TS I TN TN IS T R N YA I WA T W IR TR PO T Y Y Y P P T 1Y

29
(14)

ey




H 9
VAXSDECIMAL _ARITHMETI( = VAX=11 Packed Decimal Arithmetic Instr g-JAN-19gS 17:27:91 AX/VRS Macro Y04-00 Page 30
v04-001 VAXSMULP - Multiply Packed -SEP-1984 00:44:34 [EMULAT.BUGSRCIVAXARITH.MAR;1 (14)
AD W § . output string has been completely filled are the indication of decimal
:g }} H : overflow.
0JAD 1185 : The purpose of this method of storage is to avoid decimal/binary or
0¢Aap 1N 9 : even byte/longword conversions during the calculation of intermediate
8 :g }} 4 : results.
0JAD 1189 : 2. Trailing zeros are removed from the larger string. ALl zeros in
02AD 1190 . the shorter string are eliminated in the sense that no arithmetic
OSAD 1191 . is performed. The cutput array pointer is simply advanced to point
0¢2AD 119; ; to the next higher array element.
OsAD 1195 ;-
02AD 1194
02AD 1195 VAXSMULP::
OFFF 8F 88 8%3? }}g? PUSHR #*M<RO,R1,R2,R3,R4,R5,R6,R7,R8,R9,R10,R11> . Save the lot
0%81 1198 ESTABLISH_HANDLER - ; Store address of access
0281 1199 ARITH_ACCVIO ; wviolation handlier
0286 1200
85%? }%81 ROPRAND _CHMECK  Ré& ; Insure that R4 is LEQU 31
02C1 120§ ROPRAND _CHECK  R? ; Insure that R2 is LEQU 31
029 1206 MARK _POINT MULP BSBW 0
FO34* 30 8%%3 }%82 BSBw DECIMALSSTRIP_ZERDS_R2_R3 : Strip high order zeros from R2/R3
O%CC 1207 ROPRAND CHECK RO : Insure that RO is LEQU 31
0204 1208 MARK _POTNT MULP _BSBW 0
FD29' 30 8gg§ }g?g BSBW DECIMALSSTRIP_ZERDS_RO_R1 ; Strip high order zeros from RO/R1
50 0¢& 26 EF 8%g; 121 EXT2vV  #1,44 ,R0O,RO ; Convert digit count to byte count
50 D06 8%3% }%}% INCL RO ; Include least significant digit
52 064 g} EF 8%?5 1214 EXTIV #1846 ,R2,R2 ; Convert digit count to byte count
5¢ D6 8%%5 }%}g INCL R2 ; Include least signiticant digit
52 SO0 D1 Q°2FS 1217 CPPL RO,R? ; See which string is Larger _
08 1A (2E8 1218 BGTRU 3% ; R2/R3 describes the lon?er string
58 32 7D Q2EA 1219 Mova RZ,R8 : R8 and R9 describe the [onger strina
76 50 7D Q2D 1220 mMova RO,-(SP) : Shorter string descriptor also save
06 M1 85;3 }%%1 8RB 6$
58 350 M Osri 15%5 38: MOvVQ RO.R8 : R8 and R9 describe the longer strin
76 5¢ 70 82;8 } g MOvQ R2.-(SP) . Shorter string descriptor also save
8%;8 }%%9 ; Create space for the output array on the stack (32 longwords of zeros)
50 08 00O 0%:§ }223 6$: MovL #8,R0 : Eight pairs of quadwords
76 7¢C 82F8 1 50 108: CLRQ -(SP) ; Clear one pair
7 7C 02FD 1231 CLRQ -(SP) : ... and another
F9 S0 FS 8%85 } g; SOBGIR R0,10% . Do all eight pairs
57 Se 0O 8%8% }ggg MovL SP,R?7 : Store beginning of output array in R?
0305 1236 ; The Longer input array will be stored on the stack as an array of
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longwords. Each array element contains a number between 0 and 99
representing a pair of digits fn the original packed decimal str%n?.
Because the units digit is stored with the sign in packed dec:mal tormat,
it is necessary to shift the number as we store it. This is sccomplished by
multiplying the number by ten.

e
L
The longer array is described by R8 (byte count) and R9 (address of most

significant digit pair).

ADOLY  R9,R8.RS : Point RS beyond sign digit
MOvL R8,R4 : R4 contains the loop count

LF R YR FE PR FN FR NN K

An arra{ of Longwords is allocated on the stack. R3 starts out pointing

at the longword beyond the top -f the stack. The first remainder, guaranteed
to be zero, is '‘stored’’ here. The rest of the digit pairs are stored safely
below the top of the stack.

MNEGL R8,R3 : Stack grous toward lower addresses
MOVA (SP)CR3], SP . Allocate the space

SUBL #4,5P,R3 : Point R at next lower longword
MARK _POINT MULP_RSB

208: MOVIBL -(RS5).,R1 ; Get next digit pair
MOVIBL DECIMALSPACKED_TO_BINARY_TABLELRI].-

d
t
7
8
9
0
:
4
§
0
:
4
S
6
7
8
9
0
} ; Convert digits to binary

4
4
4
4
4
4
4
6
4
4
5
5
)
)
3
5
5
5
5
5
6
6
6

EMUL #10,R1,R2,R0O ; Multiply by 10
63 EDIV #100,R0,R2,(R3)+ ; Divide by 100
SOBGTR R4 ,20%
MovL R2.(R3) ; Store final quotient
MOVL SP,R9 . Remember array address in R9
PUSHAL (SP)LR8] ; Store start of fixed size area

; Check for trailing zeros in the inpu® array stored on the stack. If any are
; present, they are removed and the product array is adjusted accordingly.

308 : TSTL (R9)+ : 1s next number 2ero?
BNEQ 40% ; Leave loop if nonzero
ADDL 86 ,R7 ; Advance output pointer to next element
SCBGTR R8,30% ; Keep going

It we drop through the loop, then the entire input array is zero. There is
no need to perform any arithmetic because the product will be zero (and the
output array on the stack starts out as zero). The only remaining work is
to store the result in the output string and set the condition codes.

BRB 708 . Exit to end processing

Now multiply the input array by each successive digit pair., In order to
allow R10 to continue to Locate ARITH ACCVIO while we execute this loop, it
is necessary to perform a small amount of register juggltng, In essence,
R8 and R9 switch the identity of the string that they describe.

408: SUBL #4.R9 . Readjust input array pointer
Mova R8,-(SP) . Save RB/R9 descriptor on stack

LI N PN ¥

=2 OO NPV I = OO0 NO NN = OO0 ~NON WV
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58 08 Ag DO 834( 129 MOVL 8(SP),R8 : Point RE at start of 32-longword array
58 0080 ¢ 70 35? 1¢9 Mova <32+4>(R3) ,RB : Get desariptor that follows that array

59 58 (0O 8%?8 ; gg ADDL2 R8,R9 : Point RY beyond sign byte

53 87 DE 0358 1296 50%: MOVAL  (R7)+,R3 ; Output array address to R3
0358 1097 MARK POINT MULP_AT_SP

51 79 9A 0358 1298 MOVIBL -(R9),R1 ; Next digit pair to R1

56 0000°CF&1 9A OQ3S€ 1299 MOVIBL DOECIMALSPACKED_TO_BINARY_TABLE[R1],-
0364 1%00 R6 . Convert digits to binary
06 13 0364 1301 BEQL 60$ ; Skip the work if zero
S5 6E 7D 0366 130% MovaQ (SP) ,Ré . Input arral descriptor to R4/RS
0104 30 0369 120 BSBwW EngND_STRING-HULTIPLV . Do the wor )
E9 58 FS 8%2; }38? 608 SOBGTR R8,50% : Any more multiplier digits?

5S¢ 08 (O 8§9F }%89 ADDL #8,SP ; Discard saved lLong string descriptor

S¢ 6t 0O 8%;? }%88 708 : MovL (SP),sP . Remove input array from stack
0375 1310 ; At this point, the Eroduct string is located in a 32-longword array on
0375 1311 ; the top of the stack. Each longword corresponds to a pair of digits in
0375 131§ . the output string. As digits are removed from the stack, they are checked
0375 1313 ; for nonzero to obtain the correct setting ot the I-bit. After the output
0375 1314 ; string has been filled, the remainder of the product string is removed from
8%;2 }g}z . the stack. If » nonzero result is detected at this stage, the V=-bit is set.

59 20 00 0375 1317 MOVL 232 .R9 . Set up orras counter

5¢ 0098 CE 70 0378 1318 Mova < <82et> o - . Skip over 32-longword array

0370 1319 Q%> ¢+ - : and saved string descriptor
0370 1320 <b*4> >(SP) R4 . to retrieve original R4 and RS
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8 ;g } § . .SUBTITLE Common Exit Path for VAXSMULP and VAXSOIVP
8 7 1304 ; The code for VAXSMULP and VAXSDIVP merges at this point. The result is stored
70 13¢5 . in an aqra‘ of longwords at the tog of the stack, The size of this array is
8 ;g } 9 ; stored in R9, The original R4 and RS heve been retrieved from the stack.
0370 1348 : Input Parameters:
0370 13¢9 .
0370 1330 ; R4 - (ontains byte count of destination string in R4 <1:4>
0270 1331 RS - Address of most significant digit of destination string
8 ;g } 3§ : "9 - (ount of Longwords in result array on stack
0%70 1 gk ; Contents of result array
0370 1335 ;
0370 1336 . Impiicit Input:
0370 1337 ;
0370 1338 ; Signs of two input tactors (multiplier and multiplicand or
0370 1339 . divisor and dividend)
037D 1340 ;-
0370 1341
0370 134; MULTIPLY DIVIDE _EX]T:
58 DC 037D 134 ARovPSL “R11 . Get current PSL
04 00 g; FO 8%;; 1344 INSV #PSLIN_7,40,#4 R11 ; Clear all codes except 2-dit
0384 1345 ESTABLISH_HMANDLER - . Store address of access
0384 1346 ARITH_ACCV]O ; violation handler again
5¢ 04 2; EF 8%83 1347 EXTIV  #1,84 R4 RS ; Excess byte count to R3
381 13 0386 1348 BralL 1§SS ; Skip to single digit code
57 5% 53 (1 0390 1349 ADOLY  R3.RS,.R?7 ; Remember address of sign byte
5% 57 01 (1 8%83 }%g? ADDLS  #1,R7.RS ; Point RS beyond end of product string
51 8E 00 0398 135; 80s: mOovL (SP)+ ,R1 ; Remove next vaiue from stack
03 13 0398 135 BEQL 90% . Do not clear Z-bit it zero
58 04 8A 8%28 }%23 BICB2 #PSLSM_Z R . Clear 2-bit
03A0 1356 MARK _POINT MULP DIVP_RS
7S 0000°'CF&1 90 O03A0 1357 90s$: MOVB DECIMALSBINARY_TO PACKED_TABLE[R1],-
03A6 1;58 -(RS) . Store converted sum byte
59 D7 03A6 1359 DECL R9 ; One less element on the stack
1C 15 03A8 1360 BLEQ 116% ;. Exit loop it result array exhausted
EB8 53 ¢S 8;:3 }321 SOBGTR R3,80% ; Keep going?
22 5¢ E9 8%38 } g% 1008: BLBC R4 ,1208 : Ditferent for even digit count
0380 1365 : The output string consists ot an odd number of digits. A complete di?it
0380 1366 . pair can be stored in the most significant (lowest addressed) byte o
8%88 } 2; . the product string.
51 85 00 0380 1 ?9 MOVL (SP)+ R . Remove next value from stack
0 13 0383 1370 BEOQL 1108 . Do not clear 2-bit it zero
58 04 B8A Ogg } ;1 BICB2  #PSLSM_ 2 RV ; Clear 2-bit
838§ 1 7§ MARK _POINT MULP _DIVP_R9
75 0000°'CFel 90 0388 1374 1108. mOVB DECIMALSBINARY_TOZPACKED _TABLECR1],-
Oggf 1375 -(RS) . Store converted sum byte
59 07 03Bt 1376 DECL RO ;: One Less element On the stack
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06 15 03CQ 1377 BLEQ 1183 ; Exit Loop if result array exhausted
18 11 9 g‘ } ; BRB 140% ; Perform overflow check
8 C4 1380 ; This loo? executes it the result array has fewer elements than the output
03C6 1381 ; string, The remaining bytes in the output string are filled with zeros.
8 E: } § . There is no need for an overflow check.
03C4 1384 MARK _POINT MULP_DIVP_B
7S 86 03C4 1385 1148: CLRB -(RS) : Store another zero byte
FB 53  F4& 8 Eg } 39 1168%: SOBGEQ R3,1148 : Any more room in output string
38 n 82%3 } gs BRB 1508 : Determine sign of result
03(B 1390 ; This code path is used in the case where the output digit count is 0 or 1.
8%%8 } 81 : RS must be advenced
S?7 55 00 038 1 9§ 125%: mOvL RS ,R7 . Remember address of output sign byte
55 D6 O03CE 1394 INCL RS : Advance RS so common code can be used
p8 N 8%80 }ggg BRB 1008 : Join common code path
030% 1397 ; The output string consists ot an even number of digits. Onity the Low order
0302 1398 ; nibble is stored in the most signiticant (lowest addresses’ byte. A zero is
0302 1399 : stored in the high order nibble. [t the high order digit would have been
0302 140C ; nonzero, the V-bit is set and the overflow check is bypassed because there
0302 1401 ; are faster ways to clean the stack if we do not have to check for nonzero
0302 140i ; at the same time,
0302 140
51 Bt DO 0302 1404 1208: mOvVL (SP)+ ,R1 : Remove next value from stack
51 0000°'CF&1 90 03p5S 1405 MOVB DECIMALSBINARY_TO_PACKED_TABLE[R1],-
0308 1406 R1 . Obtain converted sum byte
0308 1407 MARK POINT MULP_DIVP_R9 ] ) )
51 FO 9; a8 ggg? 1408 BICBY  #*X¥0,R1,-(RS) ; Store byte, clearing high order nibble
03 13 03EQ 1409 BEQL 1308 . Do not clear Z-bit it zero
S8 04 BA O03E2 1410 BICB2  #PSLSM 2 .R1 : Clear 2-bit i
ST f0 8F 93 OQ3ES 1411 1308: BITB  #*xf0,R1 : Is high order nibble nonzero?
06 12 O03E9 161; BNEQ 1338 : Yes, go set overflow bit
59 D07 03€8 141 DECL R9 . One less element on the stack
D7 15 OQ3ED 1414 BLEQ 116% ; Exit Loop if result array exhausted
o8 1 8;;: }2}2 BRB 1408 ; Check rest of result array for nonzero
03F1 1417 ; 1t we detect overflow, we need to adjust R to reflect the nonzero longword
03F1 1418 ; removed from the stack before we enter the next code block that sets the
8;;} }213 : V=01t and cleans off the stack based on the contents of R9.
59 07 8%:1 }: 1 1338: DECL R9 : One more longword removed from stack
03F3 14 i : & nonzero digig has been discovered in a position that cannct be stored in
Q3F3 1424 ; the output string, Set the V-bit, remove the rest of the product arra‘ trom
8 F 1425 . the stack, and join the exit processing in the code that determines the sign
¢ : ;: 9 ; of the product.
56 02 88 8§F 14 8 1358: Bis8 #PSLSA v ,R1 ; Set the overtlow bit .
SE  6E49 DE Fé 14 MOVAL (§P)[R9 .SP : (lean off f!lllﬂ\n? product string
07 1 8 :e }: ? BRB 1508 : 6o to code that determines the sign
03FC 1432 . The remaincer of the product array must be removed from the stack. A nonzero
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FC 14353 ; result causes the v-bit to be set and the rest of the loop to be skipped.
;E }2 & ; Note that there is always a nonzero Loop count remaining at this point.
8t 0% FC 14 9 16408:  TSTL (§P)¢ . Is next Longword zero?
1 1§ 3FE 14 BNEQ 133% . No, leave loop
F9 59 ¢ 828 }2 g SOBGTR R9,1408
0403 1440 ; The final product strin? has been stored and the V- and I-bits have their
06403 1441 ; correct settings. The s gn_of the product must be determined from the
0602 144§ : signs of the two input strings. 0gpos1te signs produce 3 negative product.
828 }22‘ ; Same signs (in any representation) produce & plus sign in the output string.
5S¢ 08 (0 oaog 1445 1508:  ADDL #8,5P : Discard saved string descriptor
56 0C DO 0406 1446 MOVL  #12,R6 ; Assume final result is positive
50 68 7D 0409 1447 MOvQ (SP) RO . Retrieve original RO/R! pair
50 06 28 EF 82?6 1448 EXT2v  #1,84,R0,R0 . Get byte count for tirst input string
51 50 (0 0411 1449 ADDL RO,R1 ; Point R1 to byte containing sign
06414 1450 MARK POINT MULP DIVP 0
81 0 gg 88 82}; 1451 8l1(BY #+B11110000,TR1),RO ;: RO contains the sign '‘digit"
0619 1&5;
0419 145 CASE RO TYPE=B,LIMIT=#10,<~  Dispatch on sign digit
0619 1454 220s .- 210 => sign is e
0419 1455 2108, - ;11 => sign is e’
0619 1456 2208,- : 1% => sign is ‘e’
0619 1457 210%,- : 13 => gign is ="
0619 1458 2208 ,- 16 2> sign is e’
0619 1459 2208, - : 15 => sign is e’
0619 1460 >
0629 1461
¢ 01 D0 0429 1462 2108: mOVL 1, RG . Count a minus sign ]
02 M 8:5% }222 BRB 2308 : Now check second input sign
5¢ D4 82%5 }222 2208: CLRL Ré ; No real minus signs so far
52 08 AE 7D 0430 1467 2308: mMOVQ 8(SP),R2 : Retrieve original R2/R3 pair .
52 064 g; EF 82%3 1468 EXTIV  #1,84,R2.R2 : Get byte count for second input string
53 S2 (0 0439 1469 ADDL R2,.R3 : Point R3 to byte containing sign
063C 1470 MARK POINT MULP _DIVP 0
63 0 gs 88 8228 1N 81¢(B%Y #+B11110000,TR3) ,R2 : R2 contains the sign '‘digit"
0441 147§ )
0441 147 CASE R2,TYPE=B,LIM[T=#10,<- , Dispatch on sign digit
04kl 1474 250s , - ;10 2> sign is "o
0441 1475 2408, - 11 => sign is ="
0441 1476 2508 .~ : li 2> sign is '
0641 1477 2408 ,- : 13 => sign is ="’
0641 1478 2508 ,- ;14 => sign is '
0641 1479 250%,- 15 => sign is e
0641 1480 >
0451 1481 . )
5 D6 04N 148§ 560&: INCL R& . Remember that sign was minus
09 5¢ E9 0453 1483 2508: BLBC R4, 2608 . Even par1t¥ indicates positive result
10 58 02 EOQ 0456 1484 8BS rPSLSV_2,R11,2708 . Step 2ut of Line for minus 2ero check
58 08 88 045A 1485 8158 #PSLSM N, R ; Set N-bit in saved PSW
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}289 255%: INCL R6 : Change sign to minus
1488 MARK _POINT MULP_DIVP_O . )
16489 2608:  INSV R6,#0,#44,(R7T ; Store sign in result string
1490 CLRL 16 (SP) . Set saved R4 (0 zero
}231 BRW VAXSDECIMAL _EXIT ; Join common exit code
149§ ; 1t the result is negative zero, then it must be changed to positive zero
1494 . unless overflow has occurred, in which case, the sign is left as negative
}282 . but the N-bit is clear.
16497 2708:  BBS #PSLSV_V,R11,2558% : Make si?n negative it overflow
1498 BRB 260% : Sign will be positive
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A nusber LEQU 9999, when divided by 100, is guaranteed to produce both
d quotient and a remainder LEQU 97.

VAXSDE C IMAL _AR]THMET[( - VAX=11 Packed Deci . g
v04-001 EXTEND_STRING_MULTIPLY = Multiply a Stri -SEP-1984 00:44 CEMULAT .BUGSRCJVAXARITH.MAR:1 (16)
82;8 128? . .SUBTITLE EXTEND_STRING_MULTIPLY - Multiply a String by a Number
06470 1502 ; Functional Description:
06470 1503 : ,
0670 1504 ; This routine multiglies an array ot numbers (each array element LEQU
0670 150§ 99) by a number (also LEQU 99). The resulting product array is added
8:;8 1289 ; to another array, each of whose elements is also LEQU 99.
06470 1508 ; Input Parameters:
0470 1509 ;
0470 1510 ; R3 - Pointer to output array
0670 1511 ; R4 Input array size
0470 151; ; RS - lnYug array address
0470 1515 ; R6 - Multiplier
0670 1514 ;
06470 1515 ; Output Parameters:
0670 1516 ;
06470 1517 ; None
0470 1518 ;
06470 1519 ; Implycit Output:
06470 1520 ;
0470 1521 ; The output array is altered.
06470 1522 ;
0470 1523 ; An intermediate product array is produced by multiplying each input
0470 152¢ ; array element by the multiplier. Each product array element is then
06470 1525 ; added to the corresponding output array element.
06470 1526 ;
0470 1527 ; Side Effects:
0470 1528 ;
0470 15%9 : R3, R4, and RS are modified by this routine.
0470 1530 ; )
0470 1531 ; R6 is preserved.
0470 153% :
06470 1533 . RO, R1, and R2 are used as scratch registers, RO and R1 contain the
82;8 }g%g ; quadword result of EMUL that is then passed into EDIV.
06470 1536 . Assumptions:
06470 1537
06470 1538 . This routine assumes that all array elements Lie in the range from 0
0470 1539 ; to 99 inclusive. (This is true if all input strings contain only legal
06470 1540 . decimal d\g\ts.) The arithmetic performed by this routine will
82;8 }gzl : maintain this assumption. That is,
0470 ISGi : ) input array element LEQU 99
0670 1544 ; times multiplier LEQU 99
0670 1545 ; = eeeeccccccccccccccecccea-
0670 1546 ; product LEQU 99+99
0470 1547 ; plus carry LEQU 99
0470 1548 : ceccseresssscasanacncnaen
06470 1549 ; modified product LEQU 99+100
;gg? R plus old output array element LEQU 99
;ggi : new output array element LEQU 99+101 = 9999
1554 ;
1555 .
1556 ;

OOOOQOCO
9 =
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06470 1557
0470 1558 EXTENL_STRING_MULTIPLY: . _
5¢ 04 82;2 }ggg CLRL R2 ; Initial carry is zero
5¢ 85 28 7A 82;6 1561 10%: EMUL R6,(RS)+,R2,R0 . Form modified product (RO LEQU 9900)
50 63 €0 0477 156§ ADDL2  (R3).RO ; Add old output array element
8%0002864 26 78 825A 156 EDIV #100,R0,R2,(R3) + : Remainder to output array
068% 1564 . Quotient becomes carry
EC 5¢ 5 8:32 }ggs SOBGTR R4 ,10% . Keep going®
0486 1569 ; This renaining ccde Looks more complicated than it actually is. In the
0686 1568 ; usual case, the routine exits immediately. In the event that a carrs
0486 1569 . occurs, one additional entry in the output array will be modified. Only in
0486 1370 ; the rare case of an output array consisting of a string of 99s will any
8232 }2;1 . significant lLooping occur.
63 52 (0 0486 1S7§ ADDL2 R2,(R3) ; Add final cariy
63 D1 0489 1574 20%$: CMPL (r$), 2100 . Do we overflow into next digit pair?
00000064 BF 0488
01 1E 04690 1575 BGEQU 308 : Branch it carry
05 823; 1;;9 RSB . Otherwise, all done
00000064 gg 2 8233 1578 30$: SUBL #100, (R3)+ . Readjust entry and advance pointer
63 D6 049A 1579 INCL (R3) ; Propogate carrz_
E8 11 049C 1580 BRB 208 : ... 3nd test this entry for overflow
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This algorithm is the straightforward approach described in

The Art of Computer Programming
Second Edition

Volume 2 / Seminumerical Algorithms
Donald E. Knuth

1981
Addison-Wesley Publishing Company

zgg }g § . .SUBTITLE VAXSDIVP - Divide Packed
823% }g g : Functional Description:
049€ 1586 ; The dividend string specified by the dividend Llength and dividend
049E 1587 ; address operands 1is divided by the divisor string specified by the
Q49E 1588 . divisor length and divisor address operands., The quotient string
049 1589 ; specified by the quotient Llength and quotient address operands is
049 1590 ; replaced by the result.
049E 1591 ;
049E 1S9§ : Input Parameters:
049 1593 ;
069E 1594 ; RO - divrien.rw Number of digits in divisor string
049E 1595 ; R1 - divraddr.ab Address of divisor str1na
049E 1596 . R¢ - divdlen.rw Number of digits in dividend string
069E 1597 ; R3 = divdaddr.ab Address of dividend string
049E 1598 . R4 - quolen.rw Number of digits in quotient string
049E 1599 . RS - quoaddr.ab Address of quotient string
049E 1600 ;
049E 1601 ; Output Parameters:
049E 160% :
049E 1603 ;. RO =0 o .
049E 1604 ; R1 = Address of the byte containing the most significant digit of
049E 1605 the divisor string
049E 1606 ; R = 0 . .
049E 1607 . R3 = Address of the byte containing the most significant digit of
049E 1608 ; the dividend string
049E 1609 ; RG = 0 . L o
049E 1610 . R5 = Address of the byte contarnan? the most significant digit ot
049E 1611 ; the string containing the quotient
049E 1615 : .
049E 1613 ; Condition (odes:
049E 1614 ; )
049 1615 ; N <= quotient string LSS 0
049€ 1616 ; 1 <~ quotient string EQL 0
049E 1617 ; V <~ decimal overflow
049E 1618 ; C<-0
049 1619 ;
049E 1620 ; Register Usage:
049 1621 . ) .,
049€ 1622 . This routine uses all of the general registers. The condition codes
049E 16%3 ; are computed at the end of the instruction as the final result is
049E 1624 ; stored in the quotient string. R11 is used to record the condition
049E 1655 : codes.
U49E 1626 . )
049E 1627 ; Algorithm:
1628 ;
16%9 :
1630 ;
1631 ;
163§ :
1633 ;
1634
1635 ;
1636 ;
1637 ;
1638 ;
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49E 1639 ; Reading, Massachusetts
49E 1640 ; .\
49E 1641 ; Notes: A
049¢ 164§ : o\
049E 1643 ; The choice of a longword array to store the auotient deserves a H
049E 1646 ; comment. In VAXSMULP, a longword array was used because its elements 4
049E 1645 ; were used directly by MULP and DIVP instructions. The use of longwords H
049E 1649 : eliminated the need to convert back and forth between lLongwords and H
D49 1847 ; bytes. In this routine, the QUOTIENT DIGIT routine returns its result H
049E 1648 ; in a register, which result can easily be stored in whatever way is H
049E 1649 . convenient. By using longwords instead of bytes, this routine can use H
823% }gg? ; the same end processing code as MULP, a sizeable savings in code. ﬂ
049E 165; H
049E 165 .ENABLE LOCAL _BLOCK 4
049E 1656 H
049E 1655 ;+ H
049E 1656 ; This code path is entered if the divisor is zero. H
0498 1657 ;
049E 1658 ; Input Parameter:
Q49E 1659 .
Q49 1660 ; (SP) - Return P(
049E 1661 ;
049¢ 166§ . Output Parameters:
049 1663 .
049E 1664 . O(SP) - SRMSK_FLT DIV T (Arithmetic trap code)
049E 1665 ; 4(SP) = Final state PSL
049E 1666 B(SP) - Return P(
049E 1667 ; )
049E 1668 ; Implicit Output:
049E 1669 : ,
049E 1670 : Control passes through this code to VAXSREFLECT_TRAP,
049 1671 ;-
049€ 167%
049E 1673 DIVIDE_BY_ZERO:
OFFF BF BA 049E 1674 POPR #*M<RO,R1,R2,R3,R4,R5,R6,R7,R8,R9,R10,R11>
04A2 1675 . Restore registers and reset SP
7E  DC 0Q4A2 1676 MOVPSL =(SP) ; Save final PSL on stack
06 DD 0Q4ASG 1677 PUSHL  #SRMSK FLT DIV T ; Store arithmetic trap code
FBS7' 31 82:8 }g;g BRW VAXSREFLECT_TRAP ; Report exception
06A9 1680 ; If the divisor contains more nonzero digits than the dividend, then the
06A9 1681 . quotient will be identically zero. Set ug the stack and the registers (R4,
82:3 }ggg : R5, and R9) so that the exit code will be entered to produce this result.
7E D& Q4A9 1684 1§: CLRL =(SP) . Fake a quotient digit
59 01 DO 0Q4AB 1685 MOVL #1.,R9 ; Count that digit .
FECC 3 828% }239 8RW MULTIPLY_DIVIDE_EXIT . Store the 2ero in rthe output string
04B1 1688 VAXSDIVP::
OFFF 8F 88 823; }ggg PUSHR  #*M<RO,R1,R2.R3,R4,R5,R6,R7,R8,R9,R10,R11> : Save the lot
0485 1691 ESTABLISH_WANDLER - . Store address of access
8222 }ggg ARITH_ACCVIO ; violation handler
04BA }ggg ROPRAND CHECK R4 ; Insure that R4 is LEQU 31
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04C5 1699 ROPRAND _CHECK  R? : Insure that R2 is LEQU 31
4D 169 MARK _FOINT DIVP_BSBW 0
F830* 30 2%8 }633 BSBW DECIMALSSTRIP_ZERDS _R2_R3 ; Strip high order zeros from R2/R3
840 1980 ROPRAND CHECK RO ; Insure that RO is LEQU 31
4D8 1701 MARK_PGINT DIVP _BSBW 0
FB2S' 30 8288 };8; BSBY DECIMALSSTRIP_ZERDS_RO_R1 ;: Strip high order zeros from RO/R1
04DB 1706 ; Insure that the divisor is nct zero. Because leading zeros have already
04DB 1705 ; been eliminated, the divisor can only be zero if RO is O (zero length
04DB 1706 ; strings are idonticall¥ zero) or 1 (R1 contains a sign digit in the low
0408 1787 . order nibble and zero in the high order nibble). Note that an exception
04DB 1708 ; will not be generated if an even Length string has an illefal nonzero digit
040B 1709 ; stored in its most significant nibble (inctuding an illegal form of a zero
8288 };}? . Llength string.
S0 04 26 EF 828? 1712 EXTZV  #1,44,R0,R0 . Convert divisor digit count to bytes
06 12 0Q4EQ 1713 BNEQ 108 ; Skip zero divisor check unless zero
04E2 1714 MARK_POINT DIVP_O
61 FO BF 93 Q4E2 1715 8118 #-811110000,TR1) : Check for zero in ones digit
B6 13 gzgg 1716 BEQL  OIVIDE_BY_Z2ERO : Generate exception if zero
04E8 1718 ; This routine chooses to do its work with a fair amount of internal storage,
O4E8 1719 ; all of it allocated on the stack., The quotient is stored as it is computed,
Q4E8 1720 ; in a 16-longword array. The dividend and divisor are stored as longword arrays,
O04E8 1721 . with each array element stortna a digit pair from the or1?1nal packed
04E8 172% ; decimal string. The numerator digits are shifted by one digit (multiplied
Q4E8 1723 ; by ten) so that the quotient has its digits correctl¥ placed, leaving room
Q4E8 1724 ; for a sign in the low order nibble of the least significant byte. A scratch
04E8 1725 ; arra‘ is also allocated on the stack to accommodate intermediate results
82%3 };5? ; of the QUOTIENT_DIGIT routine.
50 D6 0Q4EB8 1728 108: INCL RO : Include Least significant digit
58 50 70 82%3 };gg Mova RO.R8 ; Let RB and RY describe the divisor
5¢ 04 g} EF 82;? 173 EXTIV #1084 ,R2,R2 ; Convert dividend digit count to bytes
52 D6 (4F2 173§ INCL R2 ; Include Least significant digit
7e 52 70 82:; };gk mova RZ,=(SP) . Save dividend descriptor on stack
56 52 50 (3 Q4F7 1735 SUBLY RO,R2,.R6 ; Calculate main loop count
AC  1F Q4FB 1736 BLSSU 18 : Quotient will be zero
56 D6 2:? };2; INCL R6 : One extra digit is always there
82:: };23 : Allocate R6 longwords of zero on the stack
50 56 DO C4FF 1741 MOVL R6,RO ; Let RO be the loop counter
7€ D& (502 176§ 15%: CLRL -(§p) . Set aside another quotient digit
FB 50 FS gg§ };2‘ SOBGTR R0O,15% . Keep going
57 5S¢ DO §§8: };25 MOVL SP,R7 ; Remember where this array starts
2
050A 174? . The divisor will be stored on the stack as an array of
0S50A 1748 . longwords. Each array element contains 3 number between 0 and 99,
050A 1749 ; representing a pair of digits in the original packed decimal ;tr\n?.
050A 1750 . Because the units digit is stored with the sign in packed decimal format,
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it is necessary to shift the number as we store it. This is accomplished by
multiplying the number by ten.

®e %aVe Ve Ve

The divisor string is described by R8 (byte count) and R9 (address of most
significant digit pair).

5% 58 59 (1 AODLY  R9,R8,RS . Point R5 beyond sign digit
5% 58 00 MOVL RB.,R4 . Ré contains’the logp cognt
; Put in an extra digit place for the divisor. This allows several common
: subroutines to be used when operating on the divisor string.
7t D4 CLRL =(SP) : Set aside a place holder
: An arra{ of longwords is allocated on the stack. R3 starts out pointing
; at the longword beyond the top of the stack. The first remainder, guaranteed
. to be zero, is ''stored'' here. The rest of the digit pairs are stored safely
. below the top of the stack.
53 S8 (e MNEGL R8,R3 ; Stack ?rows toward lower addresses
St 6E43 DE MOVA (SP)CR3),SP : Allocate the space
53 SE 04 (3 SUBL #6,5P,R3 : Point R3 at next lower longword

MARK_POINT DIVP_R6_R7
208 : movZBL -(RS),R1 ; Get next digit pair
MOVZBL OECIMALSPACKED_T0_BINARY_TABLE(R!], -

. Convert digits to binary

51 75 9A
51 0000°'CF&1  9A

NN NN N SN SN N NO O O O O OO O O O VUV
QO YO AN NN ) =2 O OO0 O N £ LN —2 O OO0 O WV 8 L) —

5¢ M gA 7A EMUL #10,R1,R2,R0 ; Multiply by 10
00000064 8F 78 EDIV #100,R0,R2,(R3)+ ; Divide by 100
83 52 50

E6 56 F5 SOBGTR R&,208

There are two cases where the final quotient (contents of R2) is zero.

In these cases, the number of nonzero digit pairs in the divisor array is
smaller by one than the number of bytes containing the ori?inal.packed dec imal
strxna. One case is 8 divisor string with an even number of digits. The

second case is 3 divisor string with an odd number of digits but the most
significant digit is zero (essentially a variant of the Tirst case). The
simplest way to handle all of these cases is to decrement R8, the divisor
counter, if R2 is zero. Note that previous checks for a zero divisor

prevent R8 from going to zero.

B e Ve Ve e By 8,0y 0,

63 52 DO MovL R; (RY) ; Store final quotient
0A 12 BNEQ 25¢ . Leave well enough alone it nonzero
56 D6 INCL Ré ; One more quotient digit
57 04 (2 SUBL #4,R7 : Make room for it e e
58 D7 DECL R8 ; Count one less divisor ''digit’
01 12 BNEQ 25%

cos weteecveer BEGIN TEMP osvenennenne
i1 THE FOLLOWING HALT INSTRUCTION SHOULD BE REPLACED WITH TME CORRECT
331 ABORT CODE.

sos THE HALT IS SIMILAR TO THE
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v04-001 VAXSDIVP = Divide Packed EMULAT .BUGSRCJVAXARITH . MAR; 1
gzg §9 coe MICROCODE CANNOT GET MERE
546 03 7 ERRORS THAT OTHER [MPLEMENTATIONS USE.
00 }? T halt : This will cause an OPCDEC exception

}i EE; vececeneeee END TEMP eeevvnncenee

59 SE 00 }g 25%: MOVL SP.R9 ; R9 locates low order divisor digit
16 . The dividend is stored on the stack as an array of longwords. It does not
17 ; have its d\g\t pairs shifted so that this storage loop is simpler. An extra
18 ; place is set aside in the event that it is necessary to normalize the
}8 . dividend and divisor before division is attempted.

7€ D6 1 CLRL -(SP) . Set aside space for U(0]
5¢ 6746 DE i MOVAL (R?7)CR6),.R2 ; Retrieve dividend descriptor

5¢ 62 2‘ MOvaQ (R2),R2 i ... in two steps
S MARK_POINT DIVP_R6_R?

51 83 9A 6 308: MOVIBL (R3)+,RY ; Get next decimal digit pair

7€ 0000°CF&1 9A 7 MOVIBL DECIMALSPACKED_TO_BINARY_TABLE[R1], -
8 -{SP) . Convert digits to binary
F&G 52 FS 8 SOBGTR RZ2,30% : Loop through entire input string

1 From this point until the common exit path for MULP and DIVP is entered,
3§ no access vioclations that need to be backed out can occur. We do not need

to keeg the address of ARJTH_ACCVIO in R10 for this stretch of code. Note
that R10 must be reloaded before the exit code executes because the
destination string is written and may cause access violations.

SA 67646 DO MOvL (R7)[R6],R10 : Retrieve size of dividend array
6 SE 00 MOovL SP.R1 : R11 locates low order dividend digit
: Allocate a scratch array on the stack the same size as the divisor array
: (which is one Larger than the number of digit pairs)
5¢ S8 (E MNEGL  R8,R2 : Need a negative index
SE FC AE4L2 DE MOVAL  =4(SP)[R2].SP . Adjust stack pointer

4

At this point, the stack and relevant ggnerat registers contain the
following information. In this description, N represents the number
of digit pairs in the divisor and M represents the number of digit
pairs in the dividend.

tecccecccnccccncana cecccccccceas ¢ C== SP
scratch ' N+1 longwords :

R D e ¢ <== R}
dividend : Mm+1 longwords '

teccccccccccccccccccaa cemcccres ¢+ <==- R9
divisor ' N+1 longwords '

temccea LT T Y Y T T Py ceassvead (== R?
quotient ' M+1=-N longwords i

bovoscsvvcacncvoovecoccccecsa ocoeoese

' RO..R1 :

[+ gt gt a gt gt g v e Lo Te 1o o 1o Bo Qo o Jo Lo Do To To-Je Lo To Te 1o To To To Zo To To-To 1o To To 1o To Jo 2o 1o To To Te To To To to o Fa-To To 7o 70 %0 )
OO O AAVANAVALAVANANAIAA S B 0 B 2 8 8 8 8 5N\ AN AN AR AN ) PO PO PN PO RO
A =2 O NOOP NO VA 5 i) =2 OO OB N A S i) = OO 0B O\

LN N NN N FE NS N PR FE R FE FE PN N PR X N

(alelelelelalelelalaleleleaalalelalelalalalalolalelalalelalalelelalalolelolelalelalalelaolalalalalelalelelalela
NSNS VA AA A WAV VARV WA WS AN WA WA WA A WAAA WA LAAA WA LA VA AA U VNV VA W LA VA WA AA UAAWAA LA WVAASAA WAL
D P S G i S O Y S S U U S P S S S S S S G G S i G S Y G G G S G S P S S S S

(e Jo Yo Yo Xeo Ho To Yo To Xo To Yo To To To Xo ToTo o Teo Fo Fo o Fo Fo JV T IV IV IV IV TV IV WAV IV I IV IV LW W O A A A N A O A A W N

trmcscacswesscas ssscevecsveccsceccand
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0S6E 1863 ;
S6E 1866 ; R¢ = Number of Longwords in quotient array (M+1-N)
S6E 1865 ; R7 = Address of bc?inning of quotient arrp
56 1 69 : RE - Number of digit pairs in divisor (cal(od N)
0566 1867 ; R9 - Address of Low order digits in divisor
OS6E 1868 ; R10 - Number of digit pairs in dividend (called M)
056 1 99 R R11 - Address of low order digits in dividend
0566 1870 ;-
056 1871
66 DF 056 1g7§ PUSHAL (SP) ; Store address of scratch array
7€ S8 70 0570 187 Move R8, -(SP) : Remember divisor descriptor
7€ SA 82;6 }ggg mova  R10.-(sP) : Remember dividend descriptor
576 1079 . The algorithm thet guesses the guotient digit can be guaranteed to be oft
0576 1877 ; by no more than two it the high order digit of the divisor (called V(1)) is
0576 1878 ; at least as Large as SO (our radix divided by 2). If the high order di?it
0576 1879 ; is too small, we ‘‘normalize’’ the numerator and denomonator by multiplying
82;2 }ggp : them by the same number, namely 100/(v[1]+1),
FC A948 26 a1 82;3 1882 ADDLY  #1,-4(R9)(RB],RO ; Compute V[1] ¢+ 1
33 SO0 D1 0QS7C 1883 (mPL RO, #51 ; Compare to 50 ¢+ 1
14 18 057F 1886 BGEQ  40% : Skip normalization it V(1] big enough
SO C7 0581 1885 DIvLy RO,#100,R3 : Compute normalization factor
00000064 8F 0583
53 0588
5¢ 58 70 0589 1886 Mova R8,Ré . Get descriptor of divisor
000 30 0S8C 1887 8sSBv MULTIPLY_STRING . Normalize divisor
5 SA 7D (O58F 1888 Mova R10,R4 . Get descriptor of dividend
o0pAa 30 gggg }ggg 858w HULflPLv_STRING ; Normalize dividend
0595 1891 ; We have now reached the point where we can start calculating quotient digits.
0595 189§ :In the followin? loop, RS and R6 are Loop invariants. RS contains the number
0595 1893 ; ot digit pairs in the divisor. Ré always points to the lLongword beyond the
0595 1894 ; moct significant digit in the dividend string. R7 and R8 must be Loaded on
0595 1895 ; each pass through because these two pointers are modified. Notice that the
8232 }ggg ; address of the divisor array is exactly what we want to store in R6.
SA 56 7D 0595 1898 40%: mova R6,R10 . Let R10/R11 describe quotient and loop
58 DD 0598 1899 PUSHL  R1{ . Save quotient address for exit code
58 6B4A  DE 8232 }389 MOVAL (RYV1)[RY10].RW ; Store quotient digits from high end
Oggg }gOi : This rather harmless looking loop is where the work is done
55 S8 70 859E 1986 mova R8RS . Initialize count and dividend address
59 SA 00 gg:z }ggg MOVL R10.R9 ; Remember the loop count in R9
57 10 AE 70 0Q5A4 1907 508: Mova 16(SP) ,R7 ; Load divisor and srratch addresses
001F 30 85A8 1908 BSBW 0¥OTIENT DIGIT . Get the next quotient digit
78 53 DO 035A8 1909 mOVL  R3,-(R11Y . Store it _
5¢ 064 (2 OSAE 1910 SUBL ' Rg : "'Advance’’ dividend pointer
FO SA F oggl }3}1 SOBGTR R10,508 i ... and go gack tor more
8586 191§ : The quotient digits have been stored on the stack, Eliminate the rest of the
584 1914 ; stack storage and enter the completion code that this routine shares with
584 1915 ; VAXSMULP. Note that R9 is alread¥ set up with the longword count use ' by
0584 1916 ; the exit code. Note also that R1]1 is pointing to the saved dividend descriptor
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ggz }3}7 . that sits on top of the saved register array.
5S¢ 6 D0 0384 1918 MCVL (SP), 5P . Reset stack pointer
5¢ 18 AB4 DE 0587 1920 MOVAL < <4tf> ¢ - . Skip over saved dividend descrigtor
058C 1921 <4*4> >(R11)[R9J, R4 ; and retrieve original R4 and R
5% 66 70 058C 19 i Mova (R&) ,R4 H . in two steps
05BF 19
823; }3 g : The following is a MACK,
058F 1926 : The method used to obtain quotient di?its generally leaves garbage (nonzero)
058F 1927 ; in what will become the sign digit. (In fact, this is the tenths digit of a
058F 1928 . decimal exfaqsion of the remainder.) We need to make the least significant
828: }g 3 . digit a multiple of ten.
50 6 OA (7 058f 1931 DIVLg 210, (SP) RO : Divide by ten, losing remainder
¢ S0 oA (5 osc3 9% MULLS #1083, ($P) : Store only tens digi
FoBY 31 83%; }ggg BRY MULTIPLY_DIVIDE_EXIT ; Join common exit code
05CA 1936 .DISABLE LOCAL _BLOCK




VAXSDEC IMAL _ARITHMETIC - VAX
v04=-001 QuUOT]

P
— e
v
Gy
oY
o
—~ N

K 10
d Decimal Arithmetic Instr -JAN-19gS 17:27:81 AX/VMS Macro y04-00 Page 63
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. .SURTITLE QUOTIENT _DIGIT - Get Next Digit in Quotient
3 Functional Description:

This routine divides an (N+1)-element array of longwords by an N-element
array, producins 8 single quotient d}git in the range of 0 to 99
inclusive, The dividend array is moditied by subtracting the product

of the divisor array and the Quctient digit.

The “‘numbers’’ that this array ogoratos on multiple precision numbers
in radix 100. Each digit (a number between 0 and 99) is stored in a
Llongword array element with more si?nvficant digits stored at higher
addresses. The dividend :tring and the scratch string (also called the
product string) contain one more e'ement than the divisor string.

Input Parameters:

RS = Number of '‘digits’’ (arrs) elements) in divisor array (preserved)
R6 - Address of longword immediately following most sigrificant

digit of dividend string (preserved) ]
R? - Address of least significant digit in divisor string (modified)
R8 - Address of least significant digit in product string (modified)

Output Parameters:

R3 - The quotient that results from dividing the dividend string
by the divisor string.

The tinal states of the three pointer registers are Listed here
for completeness.

R6 - Address of longword immediately following most significant
digit of dividend string

R? - Address of longword immediately following most significant digit
ot divisor string. This longword must aluays contain zero.

R8 - Address of longword immediately following most significant
digit of product string

Implicit Output:

The contents of the dividend array are modified to retlect the
subtraction of the product string. The result of this subtraction
could be stored elsewhere. [t is a convenience to store it in the
div;d:nd array on top of those array elements that are no longer
needed.

WO NN YN NNNNNYNNOPTOOO O PO O OO VAVAAVVAVIVIAL S 000008 0\
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The contents of the divisor array are preserved.

Side Effects:
R7 and R8 are modified by this routine. (5ee implicit output list.)
RS and R6 are preserved.
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RO, R1, R2, and R4 are used as scratch registers. RO and RY contain the

1

o w




t 10
d Decimal Arithmetic [nstr g-JAN-1985 17:27:?1 AX/VRS Macro v04-00 Page &7

VAXSDECIMAL _ARITHMETI( - VAX=-11 Packe
v04-001 QUOTIENT_DIGIT - Get Next Digit in Quoti S-SEP=-1984 00:44: EMULAT .BUGSRCIVAXARITH MAR; 1 (18
05CA 1995 ; quadword result of EMUL that is then passed into EDIV R2 is the
SSCA 199? : carry from one step tc the next. R4 is the loop counter.
SCA 1997 ;-
05CA 1998
05CA 1999 QUOTIENT DIGIT:
00000064 8F 7A QSCA 2000 EmuL #100,-4(R6) ,-8(R6) RO ; RO <= 100 » ULj] + uCj*1]
F8 A6  F(C Ab 0500
50 0506
50 FC A745 (6 0505 2001 DIvLe =4(R7)[RS],.RO : RO <= RO / V(1]
53 SO DO O0SDA %oog MOVL RQ,R3 ; Store quotient ''digit’’ in R3
65 13 050D 200 BEQL &5 ; Nothing to do it 3uotient is zero
S3I D1 O0S5DF 2004 CmPL RY, 7100 « Is quotient LEQU 99?
00000064 B8F 05€1
07 1F 056 2005 BLSSU 5% ; Branch if quotient 0K
00000063 gg 00 82%2 2006 MOVL #99,R3 ; Otherwise start with 99
0SEF 2007
O5EF 2008 ; We will now multiply the divisor array by the guotient digit, storing the
OSEF 2009 ; product in the scratch array.
CSEF 2010 .
5¢ D& OS5EF 2011 S§: CLRL R2 ; Start out with a carry of 2zero
5¢ 55 0O 82;2 %8}% MOVL RS ,R4 ; R6 will be the Loop counter
5¢ 87 gg TA 82:3 2014 10%: EMUL R3,(R7)+,R2,R0 : Multiply next divisor digit
000000646 8F 78 (QS5F9 2015 EDIV #100,R0,R2,(R8)+ : Remainder to input array
B8 52 50 OSFF _
0602 2016 . Quotient becomes carry
EF 54 FS 828% 58}; SOBGTR R4,10$ : More divisor digits?
88 52 0O 8283 5858 MOVL R2,(R8)+ ; Store final carry
0608 2021 ; It the product array is lLarger than the dividend array, then the guotient is
0608 2022 ; too large. To avoid a second trip through the rather costly EMUL/EDIV loop,
0608 2023 ; and also to avoid array subtraction that produces a negative result, we will
0608 2024 ; tirst compare the product and dividend arrays. It the product is smaller, we
0608 2025 ; can safely subtract. If the product is larger, we decrease the quotient by
8283 %859 ; one and subtract the divisor array from the product array.
50 56 00 0608 2028 158%: MOVL R6.RO . Point RO and R1 to high address ends
21 58 D00 0608 20%9 MOVL R8,R1 : ... of dividend and scratch strings
5%« 55 DO 82?; 583? MOVL RS ,R& : Initialize the loop counter
82}} ggg; . The comparison is done from most to least significant digits
70 71 D1 0611 2034 208: CMPL =(R1),-(R0) : Compare next pair of digits
OE 1F 0614 2035 BLSSU  30% . Leave loop if product is smaller
2D A 0616 2036 BGTRU  50% : Also leave if product is larger
F6 56 F& 82}8 8%; SOBGEQ R4,20% : More to test?
0618 2039 ; It we drop through the Loop, then the dividend and product are equal. We
0618 2040 ; simply store zeros in the dividend orra‘ (the equivalent of subtraction
0618 2041 ; of equal arrays) and return. Note that RO is already pointing to the
82}3 82§ . Least significant dividend array element.
5% 55 00 82}? 82§ MovL RS .R& ; Initialize still another loop counter
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? 25%: CLRL (RQ) . Store another zero
SOBGEQ R4,25% . Keep going?
§ RSB ; Return to caller
1 ; 1f we drop through the Loop, then the quotient that is stored in R3 is good.
§ . We need to suotract the product array from the dividend array. Note that R(
. and R1 need to be adjusted to point to the least significant array elements
g ; before the subtraction can begin.
6 308 MNEGL R4, R4 ; We need a negative index
7 MOVAL (Rb)Ena RO : Adjust dividend pointer
8 ROVAL  (R1)[R4],R1 : ... 3nd product pointer
8 MOovL R5.R& ;: RG will count still another loop
1 358: SUBLZ2  (R1)+,(RO)+ ; Subtract next digits
g BGEQ 408 . Skip to end of loop it no borrow
ADDL2  #100,=4(RO) . Add borrow back to this digit
DECL (RO) : «.. 3nd borrow from next hignest digit
408%: SOBGEQ R4,35% ; Keep going?

This is the exit path, R3 contains the quotient digit. The pointers to the
various input and scratch arrays are in an indeterminate state.

45%: RSB : Return to caller

The first guess at the quotient digit is too large. The brute force
approdch is to decrement the quotient by one and execute the EMUL/EDIV Loop
3g3in. Note, however, that we can evaluate the modified product by
subtracting the divisor from the initial product. Note also that, because
the Leading digit in the divisor is ''large enough'’, we can only end up in
this code path twice. (That is, the initial guess at the quotient wil

never be off by more than two.)

50%: DECL R3 : Yrr 3uotient smaller ty one
; AL

BEQL &5% one if 2ero

; Point R1 and R2 at the least significant digits of the scratch and product

strings respectively.

MNEGL  R5,RO
MOVAL -4 (RB)(RO

] Need a negative index
MOVAL  (R7)[ROJ,R?

Scratch array contains N+1 elements
Product array contains N elements

R1

MOVL RS R4 R6 will count still another loop
60$: SUBLZ  (R2)+,(R1}+ ; Subtract next digits_

BGEO 708 : Skip to end of Loop it no borrow

ADDL2 #100,-4(R1) ; Add borrow back to this digit

DECL (R1) : ... and borrow from next highest digit
70$: SOBGEQ R4,60% : Keep going?

ADDL2  #4.R1 : Point R1 4t most signiticant digit

BRB 15§ : Make another comparison
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decimal digits.) The arithmetic perfornedtg¥ this routine will
S

VAXSDECIMAL _ARITHMETI( - VAX=11 Packed , g
v04-001 MULTIPLY_STRING - Multiply a String by a -SEP-1984 00:44:354 ([EMULAT.BUGSRCIVAXARITH.MAR:1 (19)
822: }8? . .SUBTITLE MULTIPLY_STRING - Multiply a String by a Number
066F 10§ ; Functional Description:
066F 2108 ] _
066F 104 ; This routine multiplies an array of numbers (each array element LEQU
066F 185 ; 99) by & number (aiso LEQU 99). Each array element in the input array
066F 106 ; is replaced with the modified product, with the carry propogated to
066F 107 ; the next array element.
066F 2108 ;
066F 109 ; Input Parameters:
066F 110 ;
066F 3111 : R3 - Multiplier
066F 12 ; R4 = Input array size
066F 2113 . RS = Input array address
066F 2114 ;
066F 2115 ; Output Parameters:
066F 2116 ;
066F 2117 ; None
066F 2118 ; .
066F 2116 ; Implicit Output:
066F 2120 ; )
066F 2121 . The input array elements are altered.
066F 2122 .
066F 2123 . Side Effects:
066F 2124 ..
066F 2125 R4 and RS are modified by this routine.
066F 2126 ; .
066F 2127 ; R3 is preserved.
066F 2128 ; ) . )
066F 2129 ; RO, R1, and RZ are used as scratch registers. RO and R1 contain the
066F 2130 ; quadword result of EMUL that is then passed into EDIV. R2 is the
065F 2131 ; carry from one step to the next,.
066F 2182 ; .
006F 2133 . Assumptions:
066F 2134 ; ) . .
066F 2135 This _routine assumes that all array elements lie in the range from 0
822; %}%9 : to 99 inclusive. (This is true 1f all input strings contain only legal
066F 2138 ; maintain this assumption. The details of argument can be found in
066F 2139 ; the routine header for EXTENDED _MULTIPLY_STRING. This routine performs
066F 2140 ; less work so that those arguments also apply here.
066F 2141 ;-
066F 2142
066F 5143 MULTIPLY_STRING: o _
52 D& 8%9; 2}22 CVRL R . Initial carry is zero
52 65 ga TA 82;% 2146 108: EMUL R3,(RS),R2.RO ; Form modified product (RO LEQU 9900)
00000064 B8F 7B 0476 2147 EDIV #100,R0,R2,(RS)+ . Remainder to input array
85 52 50 067C .
067F 2143 ; Quotient becomes carry
EF 54 F 83;5 2};8 SOBGTR R4 ,108 : Keep going?
65 52 D0 0682 §151 MOVL R2, (RS) ; Store final carry
05 0685 2152 RSB

roeooo-<CcodmmMmmIEBEr ™ | X
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.SUBTITLE DECIMAL_ROPRAND

Functional Description:

This routine receives control when a digit count Larger than 31
is detected. The exception is architecturally defined as an

abort so there is no need to store intermediate state. ALl of the
routines in this module save all registers RO through R11 before

gerforning the digit check, These registers must be restored
efore control is passed to VAXSROPRAND.

Input Parameters:

00(SP) - Saved RO

44(SP) = Saved R11

48(SP) =~ Return P( from VAXSxxxxxx routine
Output Parameters:

00(SP) - Offset in packed register array to delta P( byte
04 (SP) = Return PC from VAXSxxxxxx routine

Implicit Qutput:

This routine passes control to VAXSROPRAND where further
exception processing takes place.

LERL I KR I LI N R WA IR IS R TR B JFUE TSR BPR YUY NP R SO P IR PR PR PR

ASSUME ADDP6_B_DELTA_PC EG ADDP4_B_DELTA_PC
ASSUME SUBP4_B DELTA_PC EQ ADDP4_B-DELTA_PC
ASSUME SUBP6 "B DELTA“PC EQ ADDP4_B_DELTA_PC
ASSUME muLP_B BELTA_PC EQ ADDP4_B_DELTA_PC
ASSUME DIVP_B_DELTAZPC EQG ADDP4_B_DELTA_PC

DECIMAL_ROPRAND :
POPR  #°M<RO,R1,R2,R3,R4,RS,R6,R7.R8,R9,R10,R11>
PUSHL  #ADDP4 B _DELTA_PC : Store offset to delta PC byte
BRW VAXSROPRAND ; Pass control along
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ARITH_ACCVIC - Reflect an Access Violati S-SEP=1984 00:44: CEMULAT.BUGSRCIVAXARITH.MAR;
.SUBTITLE ARITH_ACCVIO = Reflect an Access Violation
Functional Description:

+*

This routine receives control when an access violation occurs while
gGESUt‘ngDYJEH‘n the emulator routines for ADDP4, ADDP6, SUBP4, SUBP6,
., or .

The routine header for ASHP_ACCVIO in module VAX$ASHP contains a
detailed description of access violation handling for the decimal
string instructions.

i =felelaloleleloleleloleolelolelelsle Ry
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g Input Parameters:
g See routine ASHP_ACCVIO in module VAXSASHP
% Output Parameters:
% See routine ASHP_ACCVIO in module VAXSASHP
068F 2
068F 2216 ARITH_ACCV]O:
5¢ D& 068F 2 CLRL R : Initialize the counter
F968 CF  9F 0691 2 PUSHAB MODULE _BASE ; Store base address of this module
O6FC'CF  9F 0695 2 PUSHAB MODULE TEND : Store module end address
F964° 30 0699 2220 858W DECIMACSBOUNDS_CHECK : Check it PC is inside the module
SE 06 CO 069C 2221 ADDL 5P : Discard end address
51 BE (2 8225 g%%% SUBLZ2 (SP)+,RY ; Get PC relative to this base
0000°'CF&2 S B1 06A2 2224 108: CMPY R1, PC_TABLE_BASE[RZ2) . Is this the right PC?
07 13 06AB 2205 BeaL 308 ; Exit loop it true
F& 52 2A F? 82:2 55%9 AOBLSS #TABLE_SIZE,.R2,108 : Do the entire table
Q6AE 2228 ; 1f we drop through the dispatchin? based on PC, then the exception is not
gg:E %gig . one that we want to back up. We simply reflect the exception to the user.
OF BA QO6AE 2231 20s%: POPR #“M<RO,R1,R2,R3> . Restore saved registers
05 823? sgg% RSB : Return to exception dispatcher
0681 2234 : The exception P( matched one of the entries in our P(C table. R2 contains
0681 2235 ; the index into both the PC table and the handler table. R1 has served
822} 5%%? ; its purpose and can be used as a scratcn register,
51 0000°CFe2 3C 0681 SggB 308: MOVIWL HANDLER IABtE ?ASE[RZ].RI : Get the offset to the handler
FO44 (F41 17 gggz 2‘8 JAP MODULE _BASE(RT . Pass control to the handler
068( §261 : In all of the instruction-specific routines, the state of the stack
06ac 24§ : will be shown as it was when the exception occurred. All offsets will
06BC 2243 ; be pictured relative to RO.
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v04-001 Access Violation Handling for ADOPx and =SEP=1984 00:44:36 ([EMULAT.BUGSRCIVAXARITH.MAR;1 (22)

&5 . LSUBTITLE Access Violation Handling for ADDPx and SUBPx

L=
o
@
)

: Functional Description.
The only diftference among the various entry points is the number of
longwords on the stack. KO is advanced beyond these longwords to point
to the List of saved registers. These registers are then restored,
effectively backing tne routine up to its initial state.

Input Parameters:

RO - Address of top of stack when access violation occurred

elolelelelelelalylelsle el
oo OO ONONO™
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See specific entry points for details
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4
4
48
49
50
21
3
56
gS
$539
2258
06BC 2259
823% %gg? Output Parameters:
823% %%g% See input parameter List for VAXSDECIMAL_ACCVIO in module VAXSASHP
06BC 2264
06BC 2265 .+
828% %%29 : ADD_SUB_BSBW_26
06BC 2268 : An access violation occurred in one of the subroutines ADD_PACKED_woYTE,
068C 2269 : SUB_PACKED_BYTE, or STORE_RESULT. In addition to the six Llongwords of work
06BC 2270 . space, this routine has an additional longword, the return PL, on the
o g £ I
06BC 2273 : Q0(RO) = Return PC in mainline VAXSxxxxxx routine
068C 2274 ; 04(R)) - Address of sign byte of destination string
068C 2275 ; 08(RO) = First longword of scratch space
06BC 2276 ; etc.
08¢ 3378 -
04BC 2279 ADD_SUB_BSBW_24: ) .
50 064 (O 06BC 2280 ADDL #4,R0 : Skip over return PC and drop into ...
068F 5382 ;¢
0eBr 2283 : ADD_SUB_24
06BF 2285 : There are five longwords of workspace and a saved string address on the stack
822: %ggg ; for this entry point.
06BF 588 ; 00(RQ) - Address of sign byte of destinat ‘on string
068F 89 ; 04(RO) - First longword of scratch space
o el
068F 293 : 20(R0) - Fitth longword of scratch space
06BF 2293 ; 24(SP) - Saved R
068F 294 ; 28(SP) - Saved R1
06BF 5295 : etc.
g 4% -
06BF 3598 ADD_SUB_26: '
50 18 (0 06Bf g§99 ADOL #24 RO ; Discard scratch space on stack
F93B8' 31 06C¢ 238? BRY VAXSDECIMAL_ACCVIO . Join common code to restore registers

MMM OOO0O0O
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: ADD_SUB_BSBW_4

00(RO) - Saved Ré4
04(RO) -
08{(R0) ~ Saved RO
12(R0O) = Saved R1
etcl
ADD_SUB_BSBW_&:
ADDL #4,R0

X
; ADD_SUB_BSBW_0

: An access violation occurred in one of the subroutinre STRIP_ZEROS. This
: entr‘ point has an additional longword, the return PC, on the stack on top
e saved register array.

;of t

04(RO) -
08(RO) -
etc.

e Ve Ve Be Bo B

ADD_SUB_BSBW_0:

n

E
= VAX=11 Packed Decimal Arithmetic Instr
A-cess Violation Handling for ADDPx ard

An access violation occurred in the subroutine CHECK WRITE_ACCESS. This
entry point has two additional longwords, a copy of
return PC, on the stack on top of

Return PC in mainline VAXSx¥xP& routine

00(RO) - Return PC in mainline VAXSxxxxxx routine

Saved RO
Saved R1

ADDL #4,R0

BRW VAXSDEC IMAL_ACCVIO

VAX/VMS Macro V04-00

e 5%
(EMULAT.BUGSRCIVAXARITH MAR: (22)

the saved R4 and the
he saved register array.

: Skip over saved R4 and dryp into ...

. Skip over return PC and ... )
. Join common code to restore registers

—
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19 LSUBTITLE

4

o
o
m

Functional Description:

longwords on the stack.

Input Parameters:

See specific entry points for details
Output Parameters:

L 4

MULP_R8S

input strings in 8 Longword array on the top of the stack.

saved register array.

Ve Ve Ve Ve Ve Ve VeV Ve Ce B

.ENABLE LOCAL _BLOCK

jolelelelelrlolololelalelolelelalolelalelalalalalalalalelelelalelelalelals]
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MULP_RS:
DE MOVAL  (RO)[R8],RO . Discard input array storage
11 06 BRE 108 ; Might as well share a Little code
0604
06 o
8232 . MULP_AT_SP
0604 . An access violation occurred while MULP was accessing one of its two source
0604 . strings. In this case, the access violation occurred in the middle of the
0604 : ?rand multiply loop as a8 digit pair was being retrieved from the shorter of
0604 : the two input strings. The address of the start of the 32-longword array
8282 ; was itself s. red on top of the stack for convenience.
0604 : Q0(RQ) - Saved byte count of Longer input string
06D4 : 04 (RO) = Saved addregs of Longer input string
8282 : 08(RO) - Address of 32-longword array farther down the stack
0604
0604 MULP_AT_SP:
DO 0604 MOvL 8(R0) RO : Locate start of 32-longword array
9€ 068 10$:  MOVAB  <<&*39> + <4*2>>(R0),R0O : Throw that away. too ,
31 Q60D BRW VAXSDECIMAL _ACCVIO : Join common code to restore registers
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04-00 Page
EMULAT ,BUGSRCIVAXARITH . MAR;1

Access Violation Handling for MULP and DIVP

The only difference anona the various entry points is the number of
0 is advanced beyond these longwords to point

to the list of saved registers. These registers are then restored,

effectively backing the routine up to its initial state.

RO - Address of top of stack when access violation occurred

See input parameter List for VAXSODECIMAL_ACCVIO in module VAXSASHP

An access violation occurred while MULP was accessing one of its two Source
strings. In this particular case, MULP was storing the longer of the two
e

There is an

array of R8 longwords on top of an array of 32 longwords on top o* the

R8 - Number of Longwords on top of the 32-longword array

————— ey
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.DISABLE LOCAL _BLOCK

MULP_DIVP_R9

An access violation occurred while the final result was being stored in the
result string. In this common exit code path, R9 counts the number of
Longwords on the stack. In all cases wnere an access violation can occur, »
longword has been removed from the stack but R9 has not yet been
decremented to reflect this. The conceptual instruction sequence that
resets the stack pointer (really RO) to point to the start of the saved
register array is

DECL R9
MOVAL  (RO)[R9]

A single instruction accomplishes this,

R9 - One more than the number of longwords on the stack on top
of the saved register array.

00(RO) - First Longword of scratch storage remaining on the stack

22-4(R0O) =~ Last longword of scratch storagg .

22+0(RO) - Saved count of dividend or multiplier strin?
22+4(R0) =~ Saved address of dividend or multiplier string
22+8(RO) =~ Saved R0

zz;lZ(RO) - Saved R

etc.

where 22 = 4 *» (R9 - 1)

MULP_DIVP_R9:

MOVAL 4 (RO)LR9],RO ; Discard s:ratch storage on stack
BRW VAXSDECIMAL _ACCVIO : Join common code to restore registers

+
MULP_DIVP_8

An access violation occurred in the common exit path after the scratch array

had been removed from the stack but before the saved descriptor for the

multiplier string was discarded.

0(RO) = Saved count of dividend or multiplier string

4(RO) - Saved address of dividend or multiplier string
8(RO) =~ Saved
12(RO) - Saved R
etc.
MULP_DIVP 8: _ o _
ABDL  #8,RO ; Discard multiplier string descriptor
BRYW VAXSDECIMAL _ACCVIO : Join common code to restore registers

27:91 AX/VMS Macro Y04-00 Page
66:36
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= VAX=11 Packed Decimal Arithnet\g :g;ts -§2§-1934 oo=f¢:94 EMULAT . BUGSRC JVAXAR]
VAx‘DS%l”AL'ARIYHHETlC Access Violation Handling for MUL
v04-0
GetE 343 | DiveoBiBu: I
435 R T i of the subroutine STRIP .
S8 J16 | an aceass vistation sccurreg 1y one of ene subroutipe STAIR IEROS. This
82%% 2 8 : 3?'§le°213ea register array. i
Q6EE 439 00(RO) = Return PC in mainline VAXSMULP or VAXSDIVP routine
OOt 22? : 04(RO) - Saved RO
ookt : 08(R0) - Saved RI
QEE  gudg : B(R
0FE  S4ed - '
06EE 445
P_BSBW_0: ’ .
OoEE 229 g?bP'BSBU 0: ; Skip over return PC and drop into
OoEE Scop DIVPBSBRS: Ll R0 -
S0 04 (O 82;% 5049
06F1 2450 ;+ 0
T IR o
4 E - ) . tack other than the saved regi n
82:} %‘§‘ A '::nn2§:1:gc:é:OS?;tgt?gntggc:rred. We merely pass control to commo
82:} gzgg : :33:’t5 restore the registers.
AR ) - Saved RO
or) 8633 00 (R0) - Saved BY
06F1 5459 .
06F 1 460 etc.
06F 1 M
0 e
) ' i store r
06F1 2464 MULPIDIVP 0. VAXSDEC IMAL_ACCVIO . Join common code to re
o
Q6F& 2467 ;4 7 |
06F & %468 : DIVP_RG6_R input strings was being
06F& 2469 ; i : ccurred while one of the two T o the s iach
. An access violation o the stack. The state
82;2 52;? : converted t°.'?i::::5 8Lt‘829:23°§7°2ont.in enough information to allow
82:2 52;5 : ;:er::::rogotge stack contents to be ignored.
Q0F4 9474 R6 - Count of Longwords in quotient ":‘7 on stack
02;2 2;5 : R? - Address of quotient array on stac
82:2 252 : 00(RO) - First Longwora of quotient array
6F4 9479 .
Fo ¢o80 . i - ord of scratch storage
o4 ‘5‘ : 2300(R0) = Dlait coone ot dividend string
fe 5088 ¢ 22+4(RQ) - Address of dividend string
RN 22¢8(R0) - Saved RO
g:: 48 22+12(R0O) - Saved R1
6Fb 04 9 : etc.
F& 2487 ; -
86;4 ) g : where 22 = 4 « R6
6F& 2489 ;-

SEXKKEKESSS
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= VAX=11 Packed Decimal Arithmetic Instr = JAN=1

Access Violation Handling for MULP and D S5-SEP-1
06F6 2490
06F& 26491 DIVP_R6_R7:

DE Q6F4 249 “MOVAL  8(R7)[R6].RO

31 Q6F9 249 BRW VAXSDEC IMAL _ACCVIO

06FC 2494
06FC 2495 END_MARK _POINT
06FC %496
06FC 2497 .END

985
934

1
0

7: 2 VAX/VMS Macro V04-00 Page
0:44 4 (EMULAT.BUGSRCIVAXARI TH.MAR; 1

; Discard everything on stack
. Join common c¢nde to restore registers

57
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VAXSDECIMAL _ARITHMET]C -~ VAX-11 Packed Decimal Arithmetic Instr B8-=JAN=1985 17:27:21 AX/VMS Macro Y04=00 Page Sg
Symbol table -SEP=1984 00:64:564 ([EMULAT.BUGSRCIVAXARITH.MAR:1 (23
..PC. = 00000553 VAXSADD _PACKED _BYTE_R6_R7 00000170 RG 02
-ROPRAND . . = 000004BF R 02 VAXSDECTMAL ACTVIO teseenee 80

ADDP4 _B_DELTA _PC : ooooooog VAXSDECIMALEXIT teneeens x 0
ADDP6 B DELTA_P(C = 0000000 VAXSDIVP 00000481 RG 02
ADD _PRCRED 000000;5 R Ge VAXSMULP 000002AD RG 02
ADD_PACKED_BYTE _Ré R7 00000170 R 02 VAXSREFLECT TRAP eeveenee X 00
ADD “PACKED "BYTE _STRING 0000016A R 02 VAXSROPRAND ™ eeenenne X (0
ADD _SUBTRACT _EXTT 0000013p R 02 VAX$SUBP4 00000022 RG 02
ADD_SUB_24 0000068F R 02 VAXSSUBP6 00000000 RG 02
ADD_SUB ~BSBW _0 000006(C8 R 02
ADD SUG _BSBW_24 0000068( R 0¢
ADD SUB “BSBW 4 000006CS R 02
ADDSUB"V IERO_RS = 0000001F
ARITH _ACCVI0 0000068F R 02

CHECK WRITE ACCESS 00000292 R 02

DECIMALSBINEXRY_TO JPACKED_TABLE  seeveane  x (0

DECIMALSBOUNDS —CHECK erssveee x (0

DECIMALSPACKED TO BINARY TABLE ereensre  x (0
DECIMALSSTRIP_ZERDS_RO_RY revennee X (0
DECIMALSSTRIP-2EROS_R2_R3 eesevese X (0
DECIMAL ROPRARD 00000686 R 02
DIVIDE_BY_ZERO 0000049E R 02
DIVP_0~ 000006F1 R 02
DIvP BSBU 0 Q00006EE R 02
DIVP_B_DECTA_PC = 0000000
DIVPTRE R7 000006F4 R 02
EXTERD _STRING MULTIPLY 00000470 R 02
HANDLER TABLE “BASE 00000000 R 04
MODULE _BASE - 00000000 R 02
MODULE "END = 000006FC R 02
MULP AT SP 00000604 R 02
MULP_BSBW 0 000006EE R 02
MULP B DECTA_PC = 00000003
muLP_DIVP_O 000006F1 R 02
MULP DIVP_S 000004E8 R 0°
MULP” DIVP_R9 CO0006E0 R 02
MULP RS 000006CE R 02
MULTTPLY DIVIDE EXIT 00000370 R 02
MULTIPLY_STRING™ 0000066F R 0
PC_TABLE _BASE 00000000 R 03
psiem N = 00000008
PSL&H v = 00000002
PSLSM"2 = 00000004
PSLSV_(M = 0000001F
PSLSV_V = 00000001
PSLSV 2 = 00000002
QUOTIENT DIGIT 000005CA R 02
SRMSK_FLT DIv_T = 00000004
STORE _RESOLT 00000254 R 02
SUBP4_B_DELTA_P( = 00000003
SUBP6 B DELTA™P( = 00000003
SUBTRACY PACKED 20000198 R 02
SUB_PACKED _BYTE_R6 R7 00000 s R Q2
SUB PACKED™ “BYTE_STRING 00000 R 02
TABCE SI17E~ = 0000000A .
VAXSADD®4 00000030 RG 02
VAX$SADDP6 00000009 RG 02 .
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Psect synopsis -SEP-19

docsvesssssanncvand

! Psect synopsis !

..................

PSECT name Allocation PSECT No. Attributes
. ABS . 00000000 ¢ 0.) 0 0.) NOPIC USR CON ABS LCL NOSHR NOEXE NORD
$ABSS 00000000 « g.) 1 ( ) NOPIC USR CON ABS LCL NOSHR EXE RD
VAXSCODE 000006FC ( 1788.) i ( i.) PIC USR CON REL LCL SHR EXE RD
PC TABLE 00000054 ¢ 84.) 03 ¢ ) PIC USR CON REL LCL SHR NOEXE RD
HARDLER JVABLE 00000054 «( 86.) 06 ( &.) PIC USR CON REL LCL SHR NOEXE RD
Vomcccccnnrscaccccccancas 4
! Pertormance indicators !
{orocnsssssascsstvoccccccans ¢+
Phase Page faults (PU Time Elapsed Time
Initialization 75 00:00:00.20 00:00:02.24
Command processing 79 00:00:00.46 00:00:08.73
Pass 1 241 00:00:09.83 00:00:40.27
Symbol table sort 0 00:00:00.¢¢ 00:00:0%.26
Pass ¢ 3193 00:00:06.36 00:00:32.16
Symbol table output 0 00:00:00.08 00:00:00.54
Psect synopsis output 0 00:00:00.04 00:00:00.36
(ross-reference output 0 00:00:00.00 00:00:00.00
Assembler run totals 788 00:00:17.39 00:01:21.56

The working set Limit was 1800 pages.

52274 bytes (103 pages) of virtual memory were used to buffer the intermediate code.

There were 20 pages of symbol table space allocated to hold 184 non-local and 116 local symbols.
2646 source Lines were read in Pass 1, producmg1 object records in Pass 2.

23 pages of virtual memory were used to define macros.
dorcccnccecrccrcccccscacace +
! Macro Library statistics !
temaccnsnseccocsasccrcccesncane +
Macro Library name Macros defined
_$2558DUATS:(EMULAT,08JIVAXMACROS . MLB; 1 12
“$2558DUA1I8: [SYSLIBISTARLET. m.8;3 6
TOTALS (all Libraries) 18

318 GETS were required to define 18 macros.
There were no errors, warnings or information messages.
MACRO/LIS=LISS:VAXAR]TH/0BJ=0BJ8: VAXARITH MSR(S:VAXAR] TH/UPDATE = (BUGS:VAXAR]TH) +L IBS: VAXMACROS/LIB

04-00 Page
EMULAT.BUGSRCIVAXAR] TH MAR; 1

NOWRT NOVE(C BYTE

WRT NOVEC BYTE
NOWRT NOVEC LONG
NOWRT NOVEC BYTE
NOWRT NOVEC BYTE

p=4
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