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v04-000 5-SEP-1984 00:46:34 [EMULAT.SRCIVAXARITH.MAR;1 (Y
TITLE VAXSDECIMAL _ARITHMETIC - VAX-11 Packed Decimal Arithmetic Instructio
LIDENT /v04-000/

M AL AAAARARRARAARAAARARRRRRRRRRRRRRdRRRRRlRRRRR 2282 222X R X 2

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

THIS SOF TWARE NIS

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

. L ]
L { |
% | {
* % ¥
* % *
[ L
I L
R ]
M ]
b *
.« TRANSFERRED. .
b L
B  {
3  {
[ *
* %  §
- & ®
. & "
i  {
‘% *
. N |

) 1
PME
ESE

l

S FURNISHED UNDER A LICENSE AND MAY BE USED AND COPIED

THE INFORMATION IN THIS SOFTWARE IS SUBJECT TO CHANGE WITHOUT NOTICE
93390329?63 NOT BE CONSTRUED AS A COMMITMENT BY DIGITAL EQUIPMENT

eleololeleleliclelelolelaloleoleleoaleolalale
(ololelelelelelelolalelaloleleleloelelelelw
(sloleleleolololeleolelelelelalaleleleelels
eloljelelelelololololelclolalalelelelolele

e Be %e Ve Ve Ve We W0V Ve Ve Ve WD Ve Ve Ve Ve Ve v B e Ve

:
A
5
6
7
8
9
10
}1
18
14
15
16
17
18
19
20
21
0000 22 DIGITAL ASSUMES NO RESPONSIBILITY FOR THE USE OR RELIABILITY OF ITS
8888 %2 SOF TWARE ON EQUIPMENT WHICH IS NOT SUPPLIED BY DIGITAL.
0000 25
0000 26 (2222332322030 02320232320223223322322022222223232 2323222222322 2XX2223 322222222
0000 27
0000 28
00Cy 29 ;++
0000 30 ; Facility:
0000 31 ; )
0000 32 VAX=11 Instruction Emulator
0000 33 .
0000 34 ; Abstract:
n000 35
0000 36 . The routines in this module emulate the VAX-11 packed decimal
0000 37 . instructions that perform arithmetic operations. These procedures can
0000 38 be a part of an emulator packaa or can be called directly after the
8888 23 ; input parameters have been loaded into the architectural registers.
0000 41 ; The input parameters to these routines are the registers that
0000 &2 ; contain the intermediate instruction state.
0000 43 ; ]
0000 44 : Environment:
0000 45 ; )
0000 46 ; These routines run at any access mode, at any IPL, and are AST
0000 47 ; reentrant.
0000 48 ;
0000 49 ; Author:
0000 50 .
0000 51 ; Lawrence J. Kenah
0000 5¢ . .
0000 53 . Creation Date
0000 54
0000 55 . 19 October 1983
0000 56 . o
0000 57 ; Moditied by:
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V04 =000 5-SEP-1984 00:44:34 [EMULAT.SRCIVAXARITH.MAR;1 (1) vQ

0000 58 .

0000 59 ; v01-003 LJK0OO3? Lawrence J. Kenah 17=Jul=1984

0000 60 ; Fix two minor bugs in exception handling code that caused

8888 21 : MULP and DIVP tests to generate spurious access violations.

0000 6% E v01-002 LJK0024 Lawrence J. Kenah 21-Fed-1984

0000 64 Add code to handle access yiolations. Perform minor cleanup.

8888 22 : Eliminate doubte use of R10 in MULP and DIVP.

0000 67 : v01-001 LJx0008 Lawrence J. Kenah 19-0c t-1983

0000 68 ; The emulation code for ADDP4, ADDP6, SUBP4L, SUBP6, MULP and

8888 98 ; DIVP was moved into a separate module.
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v04-000 Declarations -SEP-1984 : EMULAT.SRCIVAXARITH.MAR;1 (2)
0000 .SUBTITLE Declarations
; Include files:
.NOCROSS ; No cross reference for these
JENABLE SUPPRESSION ; No symbol table entries either
ADDP4 _DEF ; Bit fields in ADDP4 registers
ADDP&_DEF ; Bit fields in ADDP6 re?isters
DIVP_BEF : Bit fields in DIVP registers
MULP_DEF ; Bit fields in MULP registers
SUBPL _DEF ; Bit fields in SUBP4 registers
SUBP6_DEF ; Bit fields in SUBP6 registers
$PSLOEF ; Define bit fields in PSL
$SRAMDEF ; Detine arithmetic trap codes
.DISABLE SUPPRESSION ; Turn on symbol table again
.CROSS ; Cross reference is 0K now

Symbol definitions

The architecture requires that R4 be zero on completion of an ADDPé or
SUBP6 instruction. If we did not have to worry about restarting
instructions after an access violation, we could §1mpl‘ zero the saved
R4 value on the code gath that these two instructions have in common
before they merge with the ADDP4 and SUBP4 routines. The ability to
restart requires that we keep the original R4 around at least until no
more access violations are possible. To accomplish this, we store the
fact that R4 must be cleared on exit in R11, which also contains the
evolving condition codes. We use bit 31, the compatibility mode bit
because it is nearly impossible to enter the emulator with (M set.

ADD_SUB_V_TZERO_R4 = PSLSV_(M
: External declarations

.DISABLE GLOBAL

LEXTERNAL -

Ve Do o e e e e s Ve b

0000001F

elelelelalelelelelalelealalelolalelelelole olelelololelolelalelslsls

DECIMALSBOUNDS _CHECK ,-

DECIMALSBINARY_TO_PACKED_TABLE -

DECIMALSPACKED  TO BINARY TASLE ,-

DECIMALSSTRIP_ZERGS_RO_RT.-

DECIMALSSTRIPZZEROS R2-R3
_EXTERNAL -

_EXIT, -
CACCViO,-
“TRAP, -

; PSECT Declarations:
.DEFAULT DISPLACEMENT , WORD
.PSECT _VAYSCODE PIC, USR, CON, REL, LCL, SHR, EXE, RD, NOWRT, LONG

BONVNINININONININ) =2 b ed b e e sk =d =k =k O O O OQ OO OO OO O VOO OOV OV OV OO0 N~ N~N~N~N~N

[eolelelelelolelelelalelaleleleolalelolelalolelelelolelelolelalelaleleolelololololalelelaleclelelelelolololelolelels]
Q0 NN 8 LN —2 O O 00 NN S NN —2 O O 00 O WA S LN =2 O O 00 O\ 8 NN —2 O O 00 O W 8 NN — O 000 O N B Ly

— e el ) b el e el vl ) =l ) ) ) — il —l -l il =l el D i) i il el
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0000 1§9
0000 150
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instr 12-SEP-1984 81:33:44 YAX/VHS Macro v04-00
-SEP=-1984 00:44:34 EMULAT,SRCIVAXARITH M

BEGIN_MARK_POINT

VA
vC
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v04-000 Declarations «SEP=1984 00:446:34 (EMULAT.SRCIVAXARITH.MAR;1 (&) v(
0000
.SUBTITLE VAXSSUBP6 - Subtract Packed (6 Operand Format)

+

Functional Description:

In 6 operand format, the subtrahend string specified by the subtrahend
Length and subtrahend address operands is subtracted from the minuend
str1na specified by the minuend length and minuend address operands.
The difference string specified by the difference Length and difference
address operands is replaced by the result.

Input Parameters:

RO - sublen.rw Number of digits in subtrahend string
R1 - subaddr.ab Address of subtrahend string
R¢ = minlen.rw Number of digits in minuend string
R3 - minaddr.ab Address of minuend string
R¢ - diflen.rw Number of digits in difference string
RS - difaddr.ab Address of difference string
OQutput Parameters:
RO = 0 . .
R1 = Address of the byte containing the most significant digit ot
R2 Bhe subtrahend string
R3 = Address of the byte containing the most significant digit of
R4 the minuend string
RS = Address of the byte containing the most significant digit of

the string containing the difference
Condition Codes:
N <- difference string LSS 0
1l <- difference string EQL 0
V <~ decimal overflow
(<=0
Register Usage:

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

(FE FREFENFAFNE TR YR FE FEXERE I EFE FIE P FE PR RN N PN R FE I I I I I PR T RN I T I P PR N R TR X NN N

(elaleleclelelelelelelolelalelelelele{clealclalolelelelelolelelolelolelolololole olalelelolaclaleleleled
lelelelelalelelelelelelelelsleleleloleclelelslelelalslalalalalalalelelalalslelelselslelelalelelele]le e
(eleleolelelolaleleleleleimdddd=l"l=l=l]o]lalelalalecleclololalelalelalalalecloloclalelalalelal=lol~:
'l ydelelelelelelalalclelelelelelolelelelolelalelolelelalalalelelelelelalolelole/alalalelalelelelwle)
B ol el il il sl il il il el il el el el el il S D = el D Tl el D e D il D D el il D D D el el el el il el e il il el i el il el sl el e
OO0 N NN N NN NNNNOO-OOO OO O O O NIAWAVAWNNVHALIAA S B 55 8 8 B 5 0 5 5 Ul A i N NN
N =2 OO 00 NON\NE NN — OO0 NOMWNA BN NN — O OO0 N O N S NN — O O 00 O W 8 N — O O 00 O\ il

.ENABLE LOCAL _BLOCK
VAXSSUBPG: :
OFFF 8F 88 PUSHR #*M<RO,R1,R2,R3,R4,RS,R6,R7,RB,R9,R10,R11> ; Save the lot
5¢ 01 GA MOVZIBL #1,R9 : Indicate that this is subtraction
06 N BRB 104 : Merge with ADDP6 code
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VAXSADDPE - A (5)

Packed (6 Operand Format S5-SEP-1984 (C0:44:34 [EMULAT.SRCIVAXARITH.MAR;1
LSUBTITLE VAXSADDPS - Add Packed (6 Operand Format)

L4
Functional Description:

In 6 operand format, the addend 1 string specified by the addend 1
length and addend 1 address operands is added to the addend 2 string
specified by the addend 2 length and addend 2 address operands. The sum

gtr;ag spetifxed by the sum (ength and sum address operands is replaced
y the result.

Input Parameters:

[oleololelolelalelelelalelalalalelelolealalelealalels]
slelelelelelalelelalalelalslelelelalealelelslele
olelelalelaleldlalelalelalolalelalelelalelelals
VOV OVVOV OOV VO OVOVOVOVOVOOVOOVOOOO

ed
dd
184
135 :
186 .
187
188 .
189 ;
190 .
HE
19% R
195
196 . RO - addllen.rw Number of digits in first addend string
197 R1 - addladdr.ab Address of first addend str1n8
198 RZ - addllen.rw Number of digits in second addend string
199 R3 - addladdr.ab Address of second addend string
200 ; R = sumlen.rw Number of digits in sum string
58; : RS - sumaddr.ab Address of sum string
203 ; Output Parameters:
206 ;
205 ; RO = 0
206 . R1 = Address of the byte containing the most significant digit of
207 ; the first addend string
009 208 ; R = 0
0009 209 ; R3 = Address of the byte containing the most significant digit of
0009 210 . the second addend string
0009 211 ; R4 =
0009 212 ; RS = Address of the byte containing the most significant digit of
0009 213 ; the string containing the sum
0009 214 o
0009 215 ; Condition (Codes:
0009 216 .
0009 217 ; N <= sum string LSS 0
0009 218 ; l <- sum string EQL 0
0009 219 ; V <- decimal overflow
0009 220 ; <=0
0009 221 ; .
0009 222 : Register Usage:
0009 223 ; _ , ) .
0009 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 227
0009 228 VAXSADDPG::
OFFF 8F 88 0009 229 PUSHR  #“M<RO,R1,R2,R3,R4,R5,R6,R7,.R8,.R9,R10,R11> . Save the lot
59 D& 0000 230 CLRL R9 : This is addition
000F 231 10s: ROPRAND_CHECK  Ré ; Insure that R4 is LEQU 31
8 DC 88}% %g% MOVPSL "R11 . Get initial PSL
88}% g%g ; Indicate that the saved R4 must be cleared on the exit path
1058 1F  E3 001C 236 BBCS #ADD_SUB_V_ZERO_R4,R11,308 ; Set bit and join common code
18 11 0020 237 BRB 308 : In case we drop through BB(S
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v04-000 VAX$SUBP4 - Subtract Packed (4 Operand F 5-SEP-1984 00:44:34 [EMULAT.SRCIVAXARITH.MAR;1

LSUBTITLE VAX$SUBP4 - Subtract Packed (4 Operand Format)
Functional Description:

+

In &4 operand format, the subtrahend string specified b‘ suotrahend
length and subtrahend address operands is subtracted from the difference
string specified by the difference length and difference address
operands and the difference string is replaced by the result.

Input Parameters:

LR FE FE FE NI FIE FI N PN N PR FE FIE KR

RO - sublen.rw Number of digits in subtrahend string

R1 - subaddr.ab Address of subtrahend decimal string

R2 - diflen.rw Number of digits in difference string

R3 - difaddr.ab Address of difference decimal string
Output Parameters:

RO = 0

R1 = Address of the byte containing the most significant digit of

R2 éhe subtrahend string

R3 = Address of the byte containing the most significant digit of

the string containing the difference

Condition Codes:

N <- difference string L
I <~ difference string E
g :- 8ec1nal overflow

S0
L

S
eL 0

Register Usage:

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

LY R FE ERA FE NI R PR FI I I WA UL ISR TR T TN YPEE T YR

(olmimieinllalelalelolelclalalecloleleolelelelelolololololelelelololelaololelelelele)
=i=jeseiniclelalalalelelalelclalelalelalelalaleldlelolelelololeleoleolelelelelele o)

a8 L A SCASAASLAS IAS [ S LS LS CASIAS S [ ST ST ST NI ST NS NN S SLSLSLNLNTSLNLNLS LN N NN NS N8 7 X
L olo JlaN 1o (N oN NI NN IARLANIANIANTAS LSS LSS TN ST S LS ST NI N N1 VT, ST NN, S. N ST N1 NV NN .6 X 8 N
A A A A S S O S O AN S LS LS L S TN T, N1 C L ST T N NI NT N E TN, N LS LN S S S,NT,N 1§

OO NN NNNNNNNNOOOOOOOOO O \NNAANAWNNNNES S S SN
O OO NN L NN = OO 00 O\ LS LNA) — OO 00 NONMA S NN — O O 00 O N 8 R0 —2 OO

VAXSSUBP4: :
OFFF 8F 88 PUSHR #*M<RO,R1,R2,R3,R4,R5,R6,R7,R8,R9,R10,R11> . Save the lot
59 01 9A movieL #1,R9 : Indicate that this is subtraction
06 11 BRB 20§ : Merge with ADDP4 code
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v04-000 VAXSADDP4 - Add Packed (& Operand Format 5-SEP-1984 00:44:34 [EMULAT.SRCIVAXARITH.MAR;? (7)

d
88 g gg .SUBTITLE VAXSADDPL - Add Packed (& Operand Format)
b 4
88 g gg . Functional Description:
0028 86 . In & operand format, the addend string specified by the addend (ength
00¢8 87 . and addend address operands is added to the sum string specified by the
0028 88 ; sum length and sum address operands and the sum string 1is replaced by
0028 89 ; the result.
0028 90 .
0028 291 ; Input Parameters:
0028 9§ .
0028 93 . RO - addlen.rw Number of diaits in addend string
0028 9 R1 - addaddr.ab Address of addend decimal string
0028 95 . R% - sumlen.rw Number of digits in sum string
8858 %39 ; RS - sumaddr.ab Address of sum decimal string
0028 298 ; Output Parameters:
0028 299 ;
0028 300 . RO =0
0028 301 ; R1 = Address of the byte containing the most significant digit of
0028 302 ; the addend string
0028 303 ; R2 = 0
0028 304 : R3 = Address of the byte containing the most significant digit of
0028 305 ; the string containing the sum
0028 306 ; o
0028 307 ; Conditior Codes:
0028 308 : ,
0028 309 ; N <= sum string LSS 0
0028 310 ; . <= sum string EQL O
0028 311 ; { <- decimal overflow
0028 312 : L <=0
0028 313 ; )
0028 314 ; Register Usage:
0028 315 ; . . .
0028 316 ; This routine uses all of the general registers. The condition codes
0028 317 ; are recorded in R11 as the routine executes.
0028 318 ;-
0028 319
0028 320 VAXSADDP4::
OFFF 8F BB 0028 321 PUSHR  #*M<RO,R1,R2,R3,R4,RS,R6,R7,R8,R9,R10,R11> ; Save the lot
59 D& 88%; g%% CLRL RO ; This is addition
0031 324 ; The output string, described by R4 and RS, will be the same as the input
0031 325 . string for ADDP4 and SUBP4. It is necessary to explicitly clear R4<31:16>
88%} ggg : along this code path so MOVQ R2,R4& will not always work.
5¢ 52 3C 0031 328 20s8: MOVIWL RZ2,Ré ; Set output size equal to input size
55 53 DO 0034 329 MOVL R3,RS : ... and ditto for string addresses
58 0C 88%5 ggg movPsL R1{ ; Get initial PSL
88%3 %%% : Indicate that the saved R4 will be restored on the common exit path
00 58 1fF €5 0039 334 BBCC #ADD_SUB_V_ZERO_R4,R11,30% ; Clear bit and join common code
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v04=-000 ADDPx/SUBPx Common Initialization (ode -SEP-1984 00:64:34 [EMULAT.SRCIVAXARITH.MAR;1 (8)

LSUBTITLE ADDPx/SUBPx Common Initialization Code

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

*

R4 = Number of digits in destination string
RS « Address of destination string

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

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

I FE FE FE XA FE FI T FE I FE R FIR EFE XN ¥

S8 04 00 04 FO 30%: INSV #PSLSM 2.,#0,44,R11 : Set 2-bit, clear the rest in saved PSW
ESTABLISH HANDCER - : Store address of access
ARITH_ACCVIO ; violation handler

ROPRAND CHECK R2 : Insure that R2 is LEQU 31
HARK_POINT ADD SUB BSBW (

FFAE' 30 BSBW DECIMALSSTRIP_ZEROS_R2_R3 : Strip high order zeros from R2/R3
ROPRAND CHECK RO : Insure that RO is LEQU 31
HARK_POINT ADD SuB BSBW 0

FFA3' 30 BSBW DECIMALSSTRIP_ZEROS_RO_R1 ; Strip high order zeros from RO/R1

Rather than totally confuse the already complicated logic dealing with
different length strings in the add or subtract loop, we will put the
result into an intermediate buffer on the stack. This buffer will be long
enough to handle the worst case so that the addition Loop need only concern
jtself with the Lengths of the two input loops. The required Length is 17
bytes[lto handle an addition with a carry out of the most significant byte.

e Ve W B 8o 0e %

We will allocate 20 bytes to maintain whatever alignment the stack has.
TE 7C CLRQ -(SP) ; Set aside space for output string
7e  7C CLRQ -(SP) : Worst case str1n8 needs 16 bytes
76 D4 CLRL -(SP) ; Add slack for a CARRY _
58 56 04 01 EF EXTIV  #1,#4,R6,R8 ; Get b‘ge count of destination string
76 55 58 (1 AODLY RB,RS5,-(SP) ; Save high address end of destination
55 18 AE 9t MOVAB  24{SPJ.RS ; Point RS> one byte beyond buffer

The number of minus signs will determine whether the real operation that we
perform is addition or subtraction. That is, two plus signs or two minus
signs will both result in addition, while a plus sign and a minus sign will
result in subtraction. The addition and subtraction routines have their own
methods for determining the correct sign of the result.

For the purpose of counting minus signs, we treat subtraction as the
addition of the negative of the input operand, That is, subtraction ot a
positive quantit{ causes the sign to be remembered as minus and counted as
a minus sign while subtraction of a minus quantity stores a plus sign and
counts nothing.
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On input to this code sequence, R9 distinguished addition from subtraction.




[ ——r s

VAXSDECIMAL_ARITHMETIC
v04=-000

59

56

57 52 04
53

57 63 FO

57

57

Vi WO
o™ o=

WO Own OO0
~N=— OO WO —

59
03
]

ADDPx/SUBPx {ommon Initialization Code S-

moo ocom
ool o™

D6
9A
1"

9A

o
o
~
Lo

(slelelelelclelelelolelalelele alele olel
OCOOOCOOOOOQODIOOOOOOOOO
O 000000000 000DA000CDO0 NN NNNNN
OCOOOCOOOOOOOCOOTdBDWVNOOCO

93

O

95

~0
NN 2 OO 00 NN S NN 2 O O QO NN SN =2 OO0 00 NOMAN NN = O O G0 IO N S L - O O 0 ~O~

Pl af a¥ o ¥ o oW o o F o oF Ll ol o F P o P AP o P o aP AP P o P AP W LB L o P P aR P oW o L Ll ol o P ok 2k P ol o o
£ 25 85 8 BN A N AN A N NN N AN N PO RO NOPNIPNININUN) b b ed e e ed ad b b 2 O O O O O O OO O VO

445

K 9
- VAX=11 Packed Decimal Arithmetic Instr 16-52;-183
e
d

S
. On output, it contains eith
& ; minus signs, real or implie

r0
t

ha

EXTIV  #1,#6,RO,R6

ADDL  R6.R1

MARK _POINT ADD_SUB_24
BICBY  #°B111100007(R1T,R6
BLBS R9,35%

4 01:33:44
4 00:44:34

AX/VMS Macro V04-00 Page
EMULAT.SRCIVAXARITH.MAR; 1

1, or 2, indicating the total number of
t we counted.

; Get byte count for first input string
. Point R1 to byte containing sign

; R6 contains the sign '‘'digit’’
; Use second CASE if subtraction

; This case statement is used for addition

35%:

40%:

508 :

60$:

70%:

. <= Dispatch on sign digit
10 => sign is "¢

11 => sign is
12 => sign is
13
14
15

e 80

+

=> sign is
=2 sign 1s
=> sign is

LY NN NN FN TS YR N

+ 4+t

. <= spatch on sign digit
=> treat sign as

=> treat sign as

+ 0

i
:
€ => treat sign as
2 => treat sign as
5

+ !

s> treat sign as
=> treat sign as

0
1
1
1
1
1
1

LR FE F TR N EN Y

; Count a minus sign
; The preferred minus sign is 13
; Now check second input sign

: No real minus signs so far
; The preferred minus sign is 12

: Get byte count for second input string

; Point R3 to byte containing sign

; R7 contains the sign ''digit"’
<= Dispatch on sign digit
10 => sign is a+” 9
11 => S'ign is e o
12 => sign is
13
14
15

LA el

+

=> sign is
=> sign is
s> sign is

+ 41

. Remember that sign was minus
: The preferred minus sign is 13

CASE RS TYPE=B,LIMIT=#10
50§, -
408,
508.-
‘0"-
508,
508,
>
; This case statement is used for subtraction
CASE R6,TYPE=B,LIMIT=A#10
40§, -
50%,-
40%,-
50%.-
408,
40%,-
>
MOVL #1 RO
movieL #15%,Rré
BRB 60%
CLRL R9
MOVZIBL #12.R6
EXTZV  #1,#4 ,R2,R7
ADDL R7,R3
MARK POINT ADD_SUB_24
BICBS  #4B11110000, (R3Y,R7
CASE R7?,TYPE=B,LiMIT=#10
80§, -
708 .-
80$,-
708 .-
80%,-
80%.,-
>
INCL R9
MOVZBL #13,R7
BRB 90%

80$:

MOVIBL W#12.R7

. Now check second input sign

; The preferred minus sign is 12

1
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0D4

03 59 E9 804
07

ooB3 3t Q0D7
Q0DA

00DA

450

491 908:  BLBC  R9,ADD_PACKED

22% BRW SUBTRACT_PACKED

455 .DISABLE LOCAL_BLOCK

; Even parity indicates addition
; 0dd parity calls for subtraction

Page

1
(8)

vl
v(C
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v04-000 ADD_PACKED = Add Twc Packed Decimal Stri 5-SEP=1984 00:44:34 [EMULAT.SRCIVAXARITH . MAR;1
00DA 457 LSUBTITLE ADD_PACKED - Add Two Packed Decimal Strings
Q0DA 458 ;+ :
00DA 459 ; Functional Description:
00DA 460 ; _
Q0DA 461 ; This routine adds two packed decimal strings whose descriptors
00DA 46§ : are passed as irout parameters and places their sum into another
888: 22‘ : (perhaps identical,) packed decimal string.
QO0DA 465 ; At the present time, the result is placed into a 16-b{te storage
00DA 466 . area while the sum is being evaluated. This drastically reduces
00DA 467 ; the number of different cases that must be dealt with as each
883: 228 : pair of bytes in the two input strings is added.
00DA 470 ; The signs of the two input strings have already been dealt with
Q0DA 471 | so this routine performs addition in all cases, even if the original
00DA 472 ; entry was at SUBP4 or SUBP6. The cases that arrive in this routine
00DA 473 ; are as follows.
00DA 474 ;
00DA 475 . R2/R3 RO/R1 result
00DA 476 : ¢occsccsccananas deccscccascccscnas . +
00DA 477 ; | i i i
00DA 478 ; RZ/R3 + RO/R1 | plus : plus ' plus '
00DA 479 ; : : : :
00DA 480 ; teccccccccccccas teccccccccccccas deccccncccacccnan +
00DA 481 ; : . : . : ' :
00DA 482 ; R2/R3 + RO/R1 | minus ' minus \ minus '
O0DA 483 ; : : : :
Q0DA 48B4 ; tececcccccccccas ‘eccccccccccccan ‘ecccccccccccans +
00DA  4BS ; : _ : : _ :
00DA 486 ; R2/R3 - RO/RY | minus : plus : minus '
00DA 487 ; ' i ' '
00DA 488 ; T T tmccccccccccccan teccccvacccaccce ¢
00DA 489 ; : : : :
00DA 490 ; R2/R3 - RO/RY | plus ' minus ' plus '
00DA 491 ; H ' ' H
OODA 492 : Y QU ——— Y Gy p—— P ¢
00DA 493 ; ) . ) )
00DA 494 ; Note that the correct choice of sign in all four cases is_the sign
888: 232 : of the second input string, the one described by R2 and R3.
00DA 497 ; Input Parameters:
Q0DA 498 ; L. ) ) i
00DA 499 ; RO<4:0> = Number of digits in first input decimal string
00DA 500 ; R1 = Address of least significant digit of first input
888: 28; : decimal string (the byte containing the sign)
00DA 503 ; R2<4:0> = Number of digits in second input decimal string
00DA 504 ; R3 - Address of least significant digit of second input
888: ggg : decimal string (the byte containing the sign)
00DA 507 . R4<4:0> - Number of digits in output decimal string o
00DA 508 ; RS - Address of one byte beyond Least srgnlflcant digit of
888: g?g : intermediate string stored on the stack
00DA 511 ; R6<3:0> - Sign of first input string in preferred form
883: g}% : R7<3:0> - Sign of second input string in preferred form

—~—
0N
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888: g%g : R11 - Saved PSL (Z-bit is set, other condition codes are clear)
00DA 516 : (SP) - Saved RS, address of least significant digit of ultimate
00DA 517 ; destination string.
888: g}g : 4(SP) - Beginning of 20-byte buffer to hold intermediate result
00DA 520 : Output Parameters:
00DA 521 ;
00DA 5 % : The particular input operation (ADDPx or SUBPx) is completed in
00DA 523 ; this routine. See the routine headers for the four routines that
00DA 524 ; request addition or subtraction for a list of output parameters
00DA 5%5 ; from this routine,
00DA 526 ;-
00DA 527
00DA 528 ADD_PACKED:
59 _ 57 90 OQO0DA 529 MOVB R7.R9 ; Use sign of second string for output
03 59 E9 00DD 530 BLBC R9,108 ;: Check 1f sign is negative
58 08 88 885% g%; BISB #PSLSM_N,R11 ; «.. SO the saved N-bit can be set
O0E3 533 MARK _POINT ADD_SUB_24
56 61 OF 88 OQ0E3 534 10%: 8I(B3  #*B00001111,(R1T R6 : Get least significant digit to Ré
00E7? 535 MARK_POINT ADD_SUB_24
57 63 Of 8B O00E7 536 81¢(8% #+B00001111,(R3Y,R7 ; Get least significant digit to R7
58 D4 OQO0EB 537 CLRL R8 ; Start the add with CARRY off
0075 30 88;8 g%g BSBW ADD_PACKED_BYTE_R6_R7? ; Add the two lLow order digits
00F0 540 ; The following set of instructions computes the number of bytes in the two
00FQ 541 . strings and, if necessary, performs a switch so that RO and R1 always
88:8 gz% ; describe the shorter of the two strings.
50 S50 0& 01 EF OQO0FQ 544 EXTZV  #1,#4,R0,R0O ; Convert digit count to byte count
5¢ 52 04 01 EF QOFS 545 EXTZV  #1,#4,R2,R2 : Do it for both strinﬁs
52 50 D1 QO0FA 546 CMPL RO, R ; We want to compare the byte counts
09 18 Q0FD 547 BLequ 20§ ; Skip the swap if we're already correct
56 S50 7D OQOFF 548 MOvQ RO.R6 . Save the longer
50 52 70 0102 549 MOva R2,RO . Store the shorter on RO and R}
5¢ 56 70 0105 550 Mova R6,R? : ... and store the longer in R2 and R3
5¢ S50 (2 8]83 gg} 208: SUBL RO,R2 ; Make R2 a difference {R2 GEQU 0)
010B 553 . RO now contains the number of bytes remaining in the shorter string.
8}88 ggg . R2 contains the difference in bytes between the two input strings.
50 D5 0108 556 TSTL RO . Does shorter string have any room?
66 13 8}8? ggg BEQL 40% ; Skip loop if no room at all
004D 30 O010F 559 30%: BSBW ADD_PACKED_BYTE_STRING ; Add the next two bytes together
FA 50 fS 8}}% gg? SOBGTR RO,30% . Check for end of loop
5¢ DS 0115 562 40%: TSTL R? ; Does lon?er string have any room?
16 13 8}}5 ggz BEQL 70% : Skip next loops it all done
0D 58 €9 8;}2 ggg 508: BLBC R8,60% ; Lite is simple if CARRY clear
56 D& 011C 567 CLRL R6 ; Otherwise, CARRY must propogate
0116 568 MARK _POINT ADD_SUB_24 _ .
57 73  9A 011E 569 MOVIBL -(R3),R7 ; So add CARRY to single string
0041 30 0121 570 BSBW ADD_PACKED_BYTE_R6_R7 ; Use the special entry point
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F2 52 F5 SOBGTR RZ2,50% . Check for this string exhausted
5 1 BRB 70 ; Join common completion code
MARK_POINT ADD_SUB_24
75 73 90 60$: MOVB -(R3Y),=(RS) ; Simply move src to dst if no CARRY
FA 52 S SOBGTR R2,60% © ... until we're all done
75 58 90 70%: MOVB R8,-(RS) ; Store the final CARRY

+

At this point, the result has been computed. That result must be moved to
its ultimate destination. noting whether any nonzero digits are stored
so that the Z-bit will have its correct setting.

Input Parameters:
R9<7:0> = Sign of result in preferred form
R11<3:0> - Saved condition codes
R11<31> - Indicates whether to set saved R4 to zero

(SP) - Saved RS, high address end of destination string

Ws Ve e Ve Ve Wa Vs Wy Ve By Ve Vs B

ALD_SUBTRACT EXIT:

[o Yo AV TV JW IV [W IV IV TN (W IV (W IV [V LW [V TV IV (W [V, [V (W 1V, V. [V, LI [V, IV 1V IV ]
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5S 6 01 (1 ADDLY  #1,(SP),RS ; Point RS beyond real destination
51 18 AE %€ MOVAB  24(SP),R1 : R1 locates the saved result )
010C 30 BSBW STORE _RESULT . Store the result and record the Z-bit
1258 02 EO BBS #PSLSY_7,R11,1008 ; Step out of Line for minus zero check
MARK _POINT ADD_SUB_24 _ .
9 04 00 59 FO 80$: INSV® RO, #0,#4,3(SP)+ ; The sign can finally be stored
SE 14 (€0 602 ADDL  #20,5P : Get rid of intermediate buffer
03 S8 1F K1 603 8B( #ADD SUB_V,ZERO_R4.R11,96$ : Branch if 4-operand opcode
10 AE D4 604 CLRL 16 (SP) ; Clear saved R4 to return zero
FEAD' 31 282 90$: BRW VAXSDECIMAL _EXIT : Exit through common code path
607 ; If the result is negative zero, then the N-bit is cleared and the sign
ggg . 1s changed to a plus sign.
58 08 8A 610 1008: BICB #PSLSM_N,R11 . Clear the N-bit uncqnditionatl;
E7 58 01 EO 611 8BS #PSLSV_V,R11,808 . Do not change the sign on overflow
59 0C 90 612 Move #12,R9 : Make sure that the sign is plus
Ee M 613 BRB 80% : ... and rejoin the exit code

I =
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LSUBTITLE ADD_PACKED_BYTE - Add Two Bytes (ontaining Decimal Digits

Functional Description:

”m
© 0
—4

sooooororOONONOFMOFOFOCOrOFOrONONOAOrOOrOFOROFOFOMORONOr <X
£ B B 8~ B LA LA A WA N N N NN AU NONO RO PO NINONUN) b —3 —b —3 —2

+

This routine adds together two bytes containing decimal digits and
produces 3 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 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 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 lLater operations
because the sum will be used as an index register.

For entry at ADD_PACKED_BYTE_STRING:
Input Parameters:
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

R8 - Carry from previous byte (R8 is either 0 or 1)

AN = OV NONN AN = OV NO NN - OV ~NOAW MO

(olelelelelelelelslalalalelelelelelelalelolelclelelelalelelolecleleloleleleleololaleleolelaleoleleleleoleclalelelelele RS NN
— e ) il e it il D e el e i Bl il i e e el =l il e Bl ) D =D i b ) D S el D - il e ) =D D D el il il il el el el el ol D i S S -l il il e Yy =i
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645 Implicit [nput:

646

647 R6 - Scratch

648 R7 - Scratch

649

gg? Output Parameters:

652 R1 - Decreased by one to point to current byte in tirst input string
653 R3 - Decreased by one to point to current byte in second input strin
ggg RS - Decreased by one to point to current byte in output string

656 R8 - Either 0 or 1, reflecting whether this most recent ADD resulted
22; in a3 CARRY to the next byte,

228 For entry at ADD_PACKED_BYTE_R6_R7:

gg} Input Parameters:

663 R6 =~ First b‘te containing decimal digit pair

ggg R7 - Second byte containing decimal digit pair

gg? RS - Address one byte beyond location to store sum

ggg R8 = Carry from previous byte (R8 is either 0 or 1)

670 Cutput Parameters:

671
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RS - Decreased by one to point to current byte in output string

6
0’

R8 - Either 0 or 1, reflecting whether this most recent ADD resulted
in a CARRY to the next byte.

Side Effects:
R6 and R7 are modified by this routine

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

Assumptions:
This routine makes two important assumptions.
1. 1f 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

LEE FE PR IR TR A FEFENFEFE IR FERESETREA A PR FE FR EB ER XA XN X

— il e el ) D il e Ll il el el ) ) wmdh D ) el el ) wl il —d = i ald el ol e il sl sl - il ) = il — B D D il i — il sl el nld s
(o -To Yo T . RNENENENI NN NTe Yo Yo Yo Fe Yo Yo Yo AV IV LW [V, IV IW [V IV (W (W IV [V IV [V IV INL IV LW LV W VW TV LV W LV TV IV IV IV LY
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AEONINCONE =220 WANWMVANIAN M T AT AT\ T AR ATRI I I AT\ AR ARAARN IR AN A NN
~J
(=]
o

694 2. The result will be checked in some way to determine whether the
ggg result is nonzero so that the Z-bit can have its correct setting.
697
ggg ADD_PACKED_BYTE _STRING:
MARK _POINT ADD_SUB_BSBW_24
S6 71 9A 701 MOVZBL -(R1),R6 . Get byte from first string
702 MARY. POINT ADD_SUB_BSBW_24
S7 73  9A ;82 MovZBL -(R3),R7 ;: Get byte from second string
705 VAXSADD PACKED BYTE R6_R7:: ; ASHP also uses this routine
706 ADD_PACRED BYTE_R6 _R7:
56 0000'CF46 90 707 M008B DECIMALSPACKED _TO_BINARY_TABLECR6],- ,
708 R6 : Convert digits to binary
57 0000'CF47 90 709 FuVB DECIMALSPACKED_TO_BINARY_TABLECR?7],- )
710 R7 . Convert digits to binary
57 56 80 711 AGDS R6,R7 . Form their sum
57 58 80 712 ADDB R8,R7 ; Add CARRY from last step
58 94 713 CLRB R8 ; Assume no CARRY this time
63 8F S7 N 714 (mPB R7,#99 . Check for CARRY
07 18 715 8LEQU 10§ . Branch if within bounds
01 90 716 Movs #1,R8 . Propogate CARRY to next step
57 " 64 8F 82 717 SuBB  #100,R7 ; Put R7_into interval 0..99
75 0000'CF47 90 718 10$%: MOVB DECIMALSBINARY _TO_PACKED_TABLE[LR?71,-
05 ;}8 RSB -(R5) . Store converted sum byte
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1984 01
- Subtract Two Packed De 5-SEP-1984 80: 1346 [EMULAT.SRCIVAXARITH.MAR;1 (
.SUBTITLE SUBTRACT_PACKED = Subtract Two Packed Decimal Strings
Functional Description:

+

This routine takes two packed decimal strings whose descriptors
are passed as input parameters, subtracts one str1qg from the
other, and places their sum into another (perhaps identical)
packed decimal string.

At the present time, the result is placed into_a 16-byte storage

ares while the difference is be1ng evaluated. This drastically reduces
the number of different cases that must be dealt with as each

pair of bytes in the two input strings is added.

The signs of the two input strings have already been dealt with so
this routine performs subtraction in all cases, even if the criginal
entry was at ADDP4& or ADDPG.

Input Parameters:
§?<4:0> = Number of digits in first input decimal string

Address of least significant digit of tirst input
decimal string (the byte containing the sign)

Number of digits in second input decimal string
- Address of least significant digit of second input
decimal string (the byte containing the sign)

R2<4:0>
R3

Number of digits in output decimal string o
- Address of one byte beyond least s1gn1f1cant digit of
intermediate string stored on the stack

R4(<4: 0>
RS

R6<3:0> - Sign of first input string in preferred form
R7<3:0> - Sign of second input string in preferred form
R11 - Saved PSL (2-bit is set, other condition codes are clear)
(SP) - Saved R5, address of least significant digit of ultimate

destination string. ) )
4(SP) - Beginning of 20-byte buffer to hold intermediate result
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;24 Output Parameters:

765 The particular input operation (ADDPx or SUBPx) is completed in

766 this routine. See the routine headers for the four routines that

767 request addition or subtraction for a List of output parameters

;gg from this routine.

;;? Algorithm for Choice of Sign:

77% The choice of sign for the output string is not nearly so ,
77 straightforward as it is in the case of addition. One approach that is
774 often taken is to make a reasonable auess at the sign ot the result,
775 It the final subtraction causes a BORROW, then the choice was incorrect.
776 The sign must be changed and the result must be replaced by its tens
;;g : complement.,
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lengths of each string by one byte, rog the previous most
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 efticiency is that high order
bltes that test equal in this loop are dropped from consideration in
the more complicated subtraction loop.
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779 . This routine does not guess. Instead, it chooses the input string of

780 ; the Larger absolute magnitude as the minuend for this internal

781 ; routine and chooses its sign as the sign of the result.

?Bg : This algorithm is octuallg more efficient than the reasonable

783 ; guess method and is groba ly better than a Quess method that is never

784 ; wrong. All conflete ytes that are processed in the sign evaluation

785 preprocegsin? oop are eliminated from consideration in the

539 : subtraction [oop, which has a higher cost per byte.

788 : The actual algorithm is as follows. (Note that both input strings have

789 ; agreqd¥ had Leading zeros stripped so their lengths reflect

;3? R significant digits.)

79% : 1. If the two strings have unequal lengths. then choose the sign of

;34 H the string that has the lLonger length.

795 ; 2. For strings of equal length, choose the sign of the string whose

;39 : most significant byte is larger in magnitude.

;33 : 3. If the most significant bytes test equal, then decrease the

. At this point, we have reduced both input strings to single bytes that
. contain 3 sign ''digit'’ and may contain a digit in the high order nibble
. it the original digit counts were nonzero.

(eleleolelelelelelelelelalelelelelelelalelelolealelelololelelalalalolelelalelolelelalqgleleleleleleleleleolelelelalols B BN
G GunrnrGur@urSr@urGurSu-SurGurGurGurSurSurGurGur S SurGur G Shur S Gur S-S S SurSur SiarSurGurSurSarGur-SurSurSurfhar GurGui S Sur SurGurGurGurtnrGurGurSur S Sur GurGurSur G- Ui
[sslecdoeloslos]osB B B B B B B B TelieliolleL oL el ol ol of ole Lo To To -Te -To To -To To To To To To To To -To -To To To To To To To To To To -To -To To .To To T T TR P
fo Yo Yo Yo XWRNE Tob B B JYo Yo UN1a o loslaslasladad Jol Nlejeiviolelelelalelolololeleloldloleloleloloviviclololelolololelele )

800
801
802
803
804
805
806
807
808
809
810 SUBTRACT PACKED:
50 S50 04 01 EF 811 ExTZv  #1,#4,R0,R0 ; Conyert digit count to byte count
52 S2 04 01V EF 812 EXT2V 1,#4,R2,R2 ; Do it for both strvngs
5¢ 50 D1 813 CMPL RO,R2 ; We want to compare the byte counts
3C 1F 814 BLSSU 40§ : RO/RY represent the smaller string
A 1A g}g 8GTRU  30% : R2/R3 represent the smaller string
817 ; The two input strings have an equal number of bytes. Compare magnitudes to
818 . determine which string is really larger, [f the two strings test equal, then
g;g ; skip the entire subtraction loop.
58 51 50 (3 821 SUBLY RO,R1,RB ; Point R8 to Low address end of RO/R]
59 53 952 (3 82% SUBL3 R2.R3.R9 . Point R9 to low address end of R2/R3
50 D5 82 TSTL RO . See it both strings have zero bytes
oc 13 g%g BEQL 20$% : Still need to check low order digit
826 MARK _POINT ADD_SUB_24 L.
89 88 9N 827 10%: (npPB (R8)+,(R9)+ ; Comgare most significant bytes
29 1f 828 BLSSU 403 . RO/RY represent the smaller string
17 1A 8%9 BGTRU  30$% : R2/R3 represent the smaller string
52 D7 830 DECL R2 ; Keep R2 in step with RO
F& S0 FS gg1 SOBGTR RO,10% : ... Wwhich gets decremented here
338
834
835

<<
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01B6 8%9
0186 8 MARK _POINT ADD_SUB_24
58 68 OF 88 Q186 8%8 208: BICBY  #*B000011117(R8Y RS ; Look only at digit, ignoring sign
01BA 839 MARK “POINT ADD SUB_24
59 69 OF 88 01BA 840 BICBY  #+B000011117(R9Y,R9 ; Get the digit from the other string
59 S8 91 01BE 841 (mePB R8 R9 ; Compare these digits
1S 1 0101 84; BLSSU 40§ : RO/R] represent the smaller string
03 1A 8}%% 324 BGTRU  30% : R2/R3 represent the smaller string
01C5 845 ; The two strings have identical magnitudes. Enter the end processing code
8}%2 gzg ; with the intermediate result unchanged (that is, zero).

FF6A 3 8}%3 g:g BRW ADD_SUBTRACT_EXIT : Join the common completion code
01C8 850 ; The string described by RO and R1 has the Larger magnitude. Choose its sign.
01C8 851 ; Then swap the two string descriptors so that the main subtraction Loops
01Cc8 85% . always have R2 and R3 describing the larger string. Note that the use of
8}%3 ggk ; R6 and R7 as scratch Leaves R7<31:8> in an UNPREDICTABLE state.

59 56 90 01(8 855 30%: MOVB R6,R9 : Load preferred sign into R9
56 S50 70 01CB 856 MOvaQ RO,R6 ; Save the longer
50 52 70 O01CE 857 MOvQ R2,R0 ; Store the shorter on RO and R1
5¢ 56 70 01D1 858 MOova R6.R2 : ... and store_the lLonger in R2 and R3
57 D& 01D6 859 CLRL R7 : Insure that R7<31:8> is zero
03 N 8}8% gg? BRB 50% : Continue along common code path
8%83 gg% ; The string described by R2 and R3 has the larger magnitude. Choose its sign.
59 S7 90 8}83 ggg 40%: MOVB R7,R9 : Load preferred sign into R9
5¢ S0 (2 0108 866 508: SUBL RO.R2 : Make R2 a difference (R2 GEQU 0)
03 59 E9 O01DE 867 BLBC R9,60% ; Check if sign is negative
8 08 88 8}52 ggg BISB #PSLSM_N,R11 ; ... SO0 the saved N-bit can be set
01E¢ 870 MARK _POINT ADD_SUB_24 _
56 61 OF 8B O01E4 871 60s8: BICBY #+B00001111,(R1Y,R6 ; Get least significant digit to Ré
018 872 MARK _POINT ADD_SUB_24 o _
57 63 OF 88 O01E8 873 BICBY  #B000011117(R3T,R7 ; Get least significant d181t to R7
58 D& 01EC 874 CLRL R8 : Start subtracting with BORROW off

0032 30 8};% g;g BSBW SUB_PACKED_BYTE_R6_R7 ; Subtract the two low order digits
01F1 877 ; RO contains the number of bytes remaining in the smaller string
8};} g;g : R2 contains the difference in bytes between the two input strings
01F1 880 TSTL RO ; Does smaller string have any room?
8};% ggl BEQL 80% : Skip loop if no room at all
01F5 88% 708: BSBW SUB_PACKED _BYTE_STRING ; Subtract the next two bytes
8};3 ggg SOBGTR RO,70% : Check for end of loop
01FB 886 80$%: TSTL R2 : Does one of the strings have more?
8}:? ggg BEQL 110% : Skip next lLoops if all done
8%55 ggg 90$: BLBC R8,100% : Life is simple if BORROW ¢ lear
0202 891 CLRL R6 ; Otherwise, BORROW must propogate
0204 892 MARK_POINT ADD_SUB_24
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Subtract Two Packed De

MOVZIBL <-(R3),R7

110s

MARK_POINT ADD_SUB_24
MOVB™  =-(R3) ,=(RS)

1008:
SOBGTR R2,1008

—
-
o
«

i ABORT CODE.
THE HALT IS SIMILAR TO THE

MICROCODE CANNOT GET MERE

[ Y
LA
« 00
L
LN ]
* o9
« s
L X 2N
« e
¢ o0
L]
L
[N ]
L

LI Y
L A

tstl r8
begl 1208
halt

120%:

NN ek e ek b b e ed b 2 O O O OO OO OO0OOWVOVOVOOVO0 Mo

O O YO OO0 O OO O O OO0 OO VOV OVOVOVOOV OO XX
N = O WO ~NO WL NI 2 OO0 NO NI NN 2 OOV NOWNES W O

BRW ADD_SUBTRACT_EXIT

ecimal Arithmetic Instr 12-2%;-}882 86:

SgB PACKED_BYTE_R6_R7
R 908

veeveateer BEGIN TEMP noavwnwnnren

THE FOLLOWING HALT INSTRUCTION SHOULD

L ]
cteuveenwtts END TEMP wetennrnnne

33
4é

LI N WA WY

ERRORS THAT OTHER IMPLEMENTATIONS USE.

144 VAX/VMS Macro V04-00 Page
:36 L[EMULAT.SRCIVAXARITH.MAR;

So subtract BORROW from single string
Use the special entry point

C(neck for this string exhausted

Join common completion code

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

. 00

BE REPLACED WITH THE CORRECT

If BORROW is set here, we blew it
Branch out if 0K
This will cause an OPCDEC exception

Join common completion code

20
(1)
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.SUBTITLE SUB_PACKED_BYTE - Subtract Two Bytes Containing Decimal Digi
Functional Description:

w

C

Lo

'

A

m

=g
[

(o + T g}

+

This routine takes as input two bytes containing decimal digits and
produces a byte containing their difference. This ~esult is stored in
the output string. Each of the input b;tes is converted to 8 binary
number (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 provisions 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 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

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

322 For entry at SUB_PACKED_BYTE_STRING:

32; Input Parameters:

949 R1 =~ Address one byte beyond byte containing subtrahend
950 R3 - Address one byte beyond byte containing minuend

32; RS = Address one byte beyond location to store difference
ggz R8 - BORROW from previous byte (R8 is either 0 or 1)

955 Implicit Input:

956

957 R6 - Scratch

958 R? - Scratch

959

960 Output Parameters:

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
in difference string

PrgirgiveiralriirairairSirairSiriir-Sirgi-girsir-Sireir-oireir Yir- yiryir- S Y- Y- Rr-er SR Sir g G- Sr iyl OSrRrohrr Sl G- Gir Sr SR Sy g Sl Gl Gl Slir SR O aNir SRrGRrGRrSr Sy | Y
WOV OOOOO
oo-ooorOrONONOM
QO NO N R =

lelaleleleleleloleeolelelelealelelolaleloloaleleleloleleleleleleleololelelelelaleleleleleolalolelelolelealolealelalele Bl )
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[ FETRESEIEIE IR FE  FE PR FE FRE FEFE FE FE FE FE PR FE FE FE FE TR FR NFE PR FR FE FB PN TN PN FE PR FE PN TR PN PN TN R PN PR TR PN YR FE FE R PN N PN N TR N

969 R8 ~ Either 0 or 1, reflecting whether this most recent

8;? subtraction resulted in a BORROW from the next byte.
3;; For entry at SUB_PACKED_BYTE_R6_R7:

g;g Input Parameters:

976 R6<7:0> <~ Byte containing decimal digit pair for subtrahend
977 R6<31:8> - Hgl _ . . ) _

978 R7<7:0> - Byte containing decimal digit pair for minuend
o9 R7<31:8> - MBZ
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RS - Address one byte beyond location to store difference

VAXSDE C IMAL_ARITHMETIC - VAX=11 Pac
V04~-000 SUB_PACKED_B

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

Output Parameters:

RS - Decreased by one to point to current byte
in difference string

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

Side Effects:
R6 and R7 are modified by this routine

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

Assumptions:
This routine makes two important assumptions.
1. 1f both of the input bytes contain only legal decimal digits, then
it is only necessary to add 100 at most once to put all
possible differences in the range 0..99. That is,
0-99-1=-100

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

0
0
oD
AT R KR TR FE PR FE PN FE FE PR FR PR PR PN TN PR R PR TR PN PN PR PR PR PR PR N PR TR PN PR FR )

SUB_PACKED_BYTE_STRING:

o
0
:
A
5
6
14
8
9
0
:
4
g
7 MARK _POINT ADD_SUB_BSBW_24 .
S6 71  9A 8 MOVZBL -(R1),R6 ; Get byte from first string
9 MARK POINT ADD_SUB_BSBW_24
57 73 9A ?
4
5
6
7
8
9
0
:
1
5
6
7

MOVIBL -(R3),R7 ; Get byte from second string

SUB_PACKED BYTE_R6 _R7:

MovB DETIMALSPACKED_TO_BINARY_TABLELR6],- .

R6 ; Convert digits to binary

MOVB DECIMALSPACKED _TO_BINARY_TABLE(R7),-" )
R7 . Convert digits to binary
Form their difference
Include BORROW from Last step
Branch if need to BORROW
No BORROW next time
Join common exit code

56 0000°'CF46 90
57 0000°'CF&7 90

57 56

sSuBe R6,R7
57

SuUBB R8 R7
BLss 108
CLRB R8
BRB 20%
10%: ADDB #100,R7 : Put R? into interval 0..99
MOVB #1,R8 : Propogate BORROW to next Step

20%: MOVB DECIMALSBINARY_TO_PACKED_TABLE[R?],-
=(RS) ;. Store converted sum byte

57 64
58

75 0000°'CFe? 90

oL OwVnOw

- ~0D & 0o
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SUBTITLE STORE_RESULT = Sture Decimal String

Functional Description:

*

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
d1?1ts) to the low address end (most significant digits). This order
allows all of the special cases to be handled in the simplest fashion.

Input Parameters:

R1 - Address one 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 Least 17 bytes lona to contain a potential
carry out of the hrghest digit when doing n add of two lLarge numbers.
This carry out of the Last byte will be detected and reported as a

decimal overflow, either as an exception or simply by setting the V-bit.

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

Qutput Parameters:
R11<PSLSV_I> - (leared it a nonzero digit 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.

[E R FR PN FE FE PR TR FEFEFE PR FE FE N PR PR PR TR PR R I R T PN N P S RN PR R I R N N T IS I P R

STORE _RESULT:
INCL
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54 D6 R4 ; Want number of ‘‘complete’’ bytes in
50 5S4 FF BF 78 ASHL #-1,R4,R0 . _output string
08 13 BEQL 308 ; Skip first loop if none
MARK_POINT ADD _SUB_BSBW_24
5 N %0 10%: MOVB -(R1),-(RS) : Move the next complete byte
03 13 BEQL 20$ : Check whether to clear Z-bit
58 04 B8A BICB #PSLSM_Z R ; Clear I-bit if nonzero
FS 50 FS 20$: SOBGTR RO,10% : Keep going?
10 5¢ €9 308: BLBC R4,50% . Was original R4 odd? Branch it yes
MARK POINT ADD_SUB _BSBW gk
75 71 FfO 8F BB BICBY #*B11110000,-(RY),=(RS) ; It R& was even, store half a byte
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03 13 BEQL 40% ; Need to check for zero here, too
58 04 BA BICB FPSLEM_Z RN ; Clear 2-bit if nonzero
MARK _POINY ADD_SUB_BSBW_24
61 FO 8F 9% «0$: BITB #°811110000, (R1Y ;: It high order nibble is nonzero.
13 12 BNEQ 708 : ... then overflow has occurred

The entire Jestination has been stored. We must now check whether any of
the remaining input 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.

Ses ®e ®e &

5¢ D7 50%: DECL R& ; Restore R4 to its original self
50 5¢ 06 0V EF EXTZV  #1,#4 R4, RO . Extract a byte count
S0 10 50 susB3  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 can be 16 bytes long.

oo

N
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QOOOOOO00 NN NN NN NNNNNNNNNNNOOOONO
AN NNV MO D DO DD O NVNNVVOOOOOOOM P I YN
—t e ) el el ol el cord e cd ) — ) ) ——d = el e = ol D o el el sl el
B e e T B R e e e e e B B P T'en T o Lo )
PORONINY b b b bt ek b b ket b DO DO OO OO OO OO0

NN =2 OO GO N O WA S LN — O D00 ~JOMN S LN — OO 0D ~J

MARK _POINT ADD_SUB_BSBW_24
71 95 60$: 1S7T8 -(R1) ;: Check next byte for nonzero
04 12 BNEQ 708 : Nonzero means overflow has occurred
F9 50 FS SOBGTR RO,60% ; Check for end of this loop
05 RSB ; This is return path for no overflow
58 02 88 708: BISB #PSLSM_V,R11 ; Indicate that overflow has occurred
05 RSB : ... and return to the caller
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.SUBTITLE VAXSMULP - Multiply Packed

Functional Description:

i N
£HO-
~

NOND

Fe

The multiplicand string specified by the multiglicand length and
multiplicand address operands is multiplied by the multiplier string
specified by the multiplier length and multiplier address operands. The
product string specified by the product Length 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
R3 - muldaddr.ab Address of multiplicand string ]
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
RY = Bhe multiplier string
R3 = Address of the byte containing the most significant digit of
RG = ahe multiplicand string
R5 = Address of the byte containing the most significant digit of

the string containing the product
Condition (odes:

N <= product string LSS 0
I <- product string EQL 0
g :- 8ec100l overflow

Register Usage:

This routine uses all ot 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 allow storage of
intermediate results in a convenient form, Specifically, each digit
pair of the longeq input_string is stored in binary in a longuor on
the stack. In addition, 32 longwords are set aside to hold the product
1n§easediate 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
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0287 118§ : output string has been completely filled are the indication of decimal
0%87 1183 ; overflow.
0287 1184 ;
0287 1185 ; The purpose of this method of storage is to avoid decimal/binary or
0287 1186 ; even byte/longword conversions during the calculation of intermediate
0287 1187 ; results.
0287 1188 ; o )
0287 1189 ; 2. Trailing zeros are removed from the larger str1ng. ALl zeros in
0287 1190 ; the shorter string are eliminated in the sense that no arithmetic
0287 1191 ; is performed. The output array pointer is simply advanced to point
0287 1192 ; to the next higher array etement.
0287 1193 ;-
0287 1194
0287 1195 VAXSMULP::
OFFF 8F 88 8%3; ‘Hg? PUSHR #*M<RO,R1,R2,R3,R4,R5,R6,R7,R8,R9,R10,R11> ; Save the lot
0288 1198 ESTABLISH HANDLER - ; Store address of access
0288 1199 ARTTH_ACCVIO ; violation handler
0290 1200
8533 158% ROPRAND_CHECK R4 : Insure that R4 is LEQU 31
0298 1203 ROPRAND CHECK R2 ; Insure that R2 is LEQU 31
02A3 12064 MARK _POINT MULP_BSBW 0
FOS5A* 30 8%:2 }%82 BSBW DECIMALSSTRIP_ZERDS_R2_R3 ; Strip high order zeros from R2/R3
02A6 1207 ROPRAND CHECK RO ; Insure that RO is LEQU 31
02AE 1208 MARK _POINT MULP_BSBW 0
FD4F' 30 8%6% }%?8 BSBW DECIMALSSTRIP_ZERDS_RO_R1 : Strip high order zeros from RO/R1
50 50 04 01 EF 0281 1211 EXTZV  #1,#4,R0,R0 . Convert digit count to byte count
50 D6 gggg }%}% INCL RO ; Include least significant digit
52 52 04 01 EF 02B8 1214 EXTIV  #1,#4,R2,R2 ; Convert digit count to byte count
5¢ D6 853? }%}g INCL R2 ; Include least significant digit
5¢ S50 D1 0Q2BF 1217 CMPL RO,R2 . See which string is larger )
08 1A (02C2 1218 BGTRU 3% : R2/R3 describes the longer string.
58 52 70 02C4 1219 MOvQ R2,R8 : R8 and R9 describe the [onger str1ng
7€ 50 70 0207 1220 MOvaQ RO,-(SP) ; Shorter string descriptor also save
06 11 02CA 1221 BRB 6%
02CC 1222 . ]
58 50 7D 0Q2CC 1223 3%: MOVQ RO,R8 ; R8 and R9 describe the longer strin
7€ 5¢ 7D 8%85 }5%2 MOvQ R2,-(SP) : Shorter string descriptor also save
8%3% }%gg ; Create space for the output array on the stack (32 longwords of zeros)
50 08 00 8%8% }S%g 6%: MOVL #8,R0O : kight pairs ot quadwords
76 7C 0205 1230 108: CLRQ -(SP) : Clear one pair
7E 7C 0207 1231 CLRQ -(SP) : ... and another
F9 50 F5 858? }%g% SOBGTR RO,10% . Do all eight pairs
57 S DO 838E }5%? MOVL SP,R7 : Store beginning of output array in R7
02DF 1236 ; The longer input array will be stored on the stack as an array of
02DF 1237 . longwords, Each array element contains a number between 0 and 99
020F 1238 ; representing a pair of digits in the original packed decimal string.
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02DF 1239 ; Because the units digjt is stored with the sign in packed decimal format,
02DF 1240 ; it is necessary to shift the number as we store it, This is accomplished by
8 B: }221 ; multiplying the number by ten.
020F 1%4% . The longer array is described by R8 (byte count) and R9 (address of most
8%8: }zﬁé ; significant digit pair),
55 58 59 (1 Q2DF 1246 ADDLY  RO,R8,RS ; Point R5 beyond sign digit
5 5% DO 8%52 }%zg MOVL RB,R4 : R4 contains the loop count
02E6 1249 ; An arral of longwords is allocated on the stack. R3 starts out pointing
02E6 1250 ; at the longword beyond the top of the stack. The first remainder, guaranteed
02E6 1251 ; to be zero, is ''stored'’ here. The rest of the digit pairs are stored safely
8552 }ggg . below the top of the stack.
53 S8 (€ 026 1254 MNEGL R8,R3 : Stack ?rows toward lower addresses
SE 6E43  DE 02E9 1255 MOVAL  (SP)LR3],SP . Allocate the space
53 SE 04 (3 855? }529 SuBLY  #4,SP,R3 ; Point RY at next lower longword
02F1 1258 MARK POINT MULP_R3
S1 75 9A Q2F1 1259 20%: MmovZBL -(RS),R1 ; Get next digit pair
51 0000'CF41 9A OQ2F4 1260 MOVIBL DECIMALSPACKED_TO_BINARY_TABLE[R1],- _
02FA 1261 R1 ; Convert digits to binary
50 52 S1 O0A 7A Q2FA 1262 EMUL #10,R1,R2,R0 : Hult\pl‘ b{ 10
B3 52 SO 00000064 BF 7B Q2FF 1263 Eolv_ #100,r0,RZ, (R3)+ : Divide by 100
E6 S6& FS 0308 1264 SOBGTR R&4,208
030B 1265 ) .
63 52 D0 0308 1266 MOVL R2, (R3) ; Store final quotient
59 S5 DO 0306 1267 MOVL SP,R9 . Remember array address in R9
6E48 DF 8%}1 }533 PUSHAL (SP)CRB) . Store start of fixed size area
03164 1270 ; Check for trailing zeros in the input array stored on the stack. lf any are
8%}2 }5;% ; present, they are removed and the product array is adjusted accordingly.
89 DS 0314 1273 308: TSTL (R9) ¢ : Is next number zero?
08 12 0316 1274 BNEQ 40% : Leave loop if nonzero
57 04 (O 0318 1275 ADDL #4 ,R7 . Advance output pointer to next element
F6 58 F5S 8%}2 }S;g SOBGTR R8,30% ; Keep going
031E 1278 ; If we drop through the logp, then the entire input array is zero. There is
031€ 1279 ; no need to perform any arithmetic because the product will be 2ero (and the
031€ 1280 ; output array on the stack starts out as zero). The only remaining work is
8%}% 1531 ; to store the result in the output string and set the condition codes.
2C 11 031 128§ BRB 70% : Exit to end processing
0320 1284 . . ] o .
0320 1285 ; Now multiply the input array by each successive digit pair. In order to
0320 1286 ; allow R10 to continue to locate ARITH ACCVIO while we execute this loop, it
0320 1287 : is necessary to perform a small amount of register juggl1ng, In essence,
8%58 }%gg ; R8 and R9 switch the identity of the string that they describe.
59 04 (2 0320 1290 40$: SUBL ¥4 ,R9 ; Readjust i.put array pointer
758 70 0323 1291 MOvVQ RB,-(SP) . Saye R3/R9 descriptor_on stack
58 08 AE DO 0326 129% MOVL 8($P) ,R8 ; Point RB at start of 32-longword array
58 0080 c& 7D 032A 129 MOVQ <32+4>(R8) ,R8 . Get descriptor that follows that array
¢ 58 (0 8%%5 }%gg ADDL2 R8,R9 ; Point R9 beyond sign byte
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§96 508: MOVAL  (R7)+,R3 ; Output array address to R3
MARK POINT MULP_AT_SP
MmOvZBL -(R9),R1

; Next digit pair to R1
MOVIBL DECIMALSPACKED_TO_BINARY_TABLE(R1],- .
R6 cunve, t digits to binary
BEQL 60% Skip the work if zero
Mova (SP) ,R& Input arral descriptor to R4/RS
BSBW EXTEND _STRING_MULTIPLY Do the wor o o
Any more multiplier digits?

ADDL #8,SP ; Discard saved long string descriptor

708: MOVL (SP),SP . Remove input array from stack

At this point, the eroduct string is located in a 32-longword array on

the top of the stack. Each longword corresponds to 3 pair of digits in

the output string. As digits are removed from the stack, they are checked
for nonzero to obtain the correct setting of the Z-bit. After the output
str1ng has been filled, the remainder of the product string is removed from
the stack. [f a nonzero result is detected at this stage, the V-bit is set.

MOVL #32.R9 . Set up arras counter

MovQ <<cf2el> v - . Skip over 32-longword array
Q@Qvb> + - . and saved string descriptor
<4*4> >(SP) R4 : to retrieve original R4 and RS
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LSUBTITLE Common Exit Path for VAXSMULP and VAXS$DIVP

The code for VAXSMULP and VAXSDIVP merges at this point. The result is stored
in an aqra‘ of longwords at the tog of the stack. The size of this array is
stored in R9. The original R4 and RS heve been retrieved from the stack.

Input Parameters:
R4 - Contains byte count of destination string_in R& <1:4>
RS = Address of most significant digit of destination string
R9 - Count of longwords in result array on stack
Contents of result array

Implicit Input:

Signs of two input factors (multiplier and multiplicand or
divisor and dividend)

B Ve Ve BB Ve VeV VWV VeBeVeTe W, Ne Ve

MULTIPLY DIVIDE _EXIT:

0357 1 g
0357 1
0357 1324
0357 1325
0357 1326
0357 1327
0357 1328
0357 1329
0357 1330
0357 13N
0357 133%
0357 1%3
0357 1334
0357 1335
0357 1336
0357 1337
0357 1338
0357 1339
0357 1340
0357 1341
0357 134%
58  DC 0357 134 MovPSL “R1 ; Get current PSL
58 04 00 04 FO 0359 1344 INSV #PSLSM 7 ,#0,#4 ,R11 ; Clear all codes except Z-bit
035 1345 ESTABLISH_HANDCER - : Store adaress of access
03SE 1346 ARITH_ACCV]O ; violation handler again
53 5S4 064 OV EF 0363 1347 EXTIV  #1,#4,R4,R3 ; Excess byte count to R3
IB 13 0368 1348 BEQL 125¢ ; Skip to sinale digit code
57 55 53 (1 036A 1349 ADDLY  R3,R5.R7 : Remember address of sign byte
5 S7 01 (1 8%95 }gg? ADOL3  #1,R7,RS ; Point RS beyond end cf product string
51 8E 00 0372 1352 80s: MOVL (SP) ¢+ ,R1 : Remove next value from stack
03 13 0375 1353 BEQL 90% ; Do not clear Z-bit it zero
58 04 B8A 0377 1354 BICB2  #PSLSM_Z,R11 ; Clea; 2-pit
037A 1355
037A 1356 MARK _POINT MULP_DIVP_R9
75 0000'CF41 90 037A 1357 90$:  MOVB™  DECIMALSBINARY_TO_PACKED_TABLELR1],-
0380 1358 -(RS) ; Store converted sum byte
59 07 0380 1359 DECL R9 : One less element on the stack
1C 15 0382 1360 BLEQ 116% ; Exit Loop if result array exhausted
EB 53 F5 8%3? }%g; SOBGTR R3,80% : Keep going?
22 56 E9 8%3; }ggz 1008: BLBC R4 ,120% : Different for even digit count
038A 1365 . The output string consists of an odd number of di?its. A complete di?it
038A 1366 ; pair can be stored in the most significant (lowest addressed) byte o
038A 1367 ; the product string.
G38A 1368
51 BE DO 038A 1369 MOVL (SP)+,R1 ; Remove next value from stack
03 13 0380 1370 BEQL 110% : Do not _clear I-bit if zero
58 04 BA Q38F 1371 BICB2  #PSLSM_Z,R11 : Clear Z-bit
0392 137%
0392 137 MARK_POINT MULP DIVP_R9
75  0000°CF&1 90 0392 1374 1108: MOVB~  DECIMALSBINARY_TOZPACKED_TABLELR1],-
0398 1375 -(RS) . Store converted sum byte
59 D7 0398 1376 DECL R9 ; One less element on the stack
046 15 039A 1377 BLEQ 116% ; Exit loop 1f result array exhausted
38 11 039C 1378 BRB 1408 s Perform overflow check
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039€ 1;79
039 1380 ; This loo? executes if the result array has fewer elements than the output
039¢t 1;81 ; string, The remaining bytes in the output string are filled with zeros.
039 1 8§ ; There is no need for an overflow check.
039 138
039¢ 1%86 MARK _POINT MULP_DIVP_8
75 94 039 1385 1148: CLRB =(RS) ; Store another zero byte
FB 53 F4 8%:% }%g; 1168: SOBGEQ R3,1148 : Any more room in output string
38 N 8%:2 }Sgg BRB 1508 ; Determine sign of result
03AS 1%90 : This code path is used in the case where the output digit count is 0 or 1.
8%22 }381 : R5 must be advanced
57 55 DO O03AS 139% 125%:  MOVL RS,R7 ; Remember address of output sign byte
35 D6 03A8 139¢ INCL RS ; Advance R5 so common code can be used
B 11 8%:2 }%32 BRB 100$ ; Join common code path
03AC 1397 ; The output string consists of an even number of digits. Only the low order
03AC 1398 ; nibble is stored in the most significant (lowest addresses) byte. A _ero is
03AC 1399 ; stored in the high order nibble. If the high order digit would have been
03AC 1400 ; nonzero, the V-bit is set and the overflow check is bypassed because there
03AC 1401 ; are faster ways to clean the stack if we do not have to check for nonzero
03AC 140§ ; at the same time.
03AC 140
51 8E DO O03AC 1404 1208:  MOVL (SP) ¢+ R ; _Remove next value from stack
51 0000°CF41 90 OQ3AF 1405 MOVB DECIMALSBINARY_TO_PACKED_TABLE[LR1],~
0385 1406 R1 . Obtain converted sum byte
0385 1407 MARK _POINT MULP_DIVP_R9
75 51 FO 8 88 0385 1408 BICBY  #*XFO,R1,~(RS) ;. Store byte, cleaqin? high order nidble
03 13 03BA 1409 BEQL 130% : Do not _clear Z-bit it zero
58 04 8A 03BC 1410 BICB2  #PSLSM_Z,.RN : Clear Z-bit .
51 f0 8 93 O03BF 1411 1308: BITB  #*xFO,R1 ; Is high order nibble nonzero?
06 12 03(3 1412 BNEQ 1338 ; Yes, go set overflow bit
59 D7 03C5 1413 DECL R9 ; One Less element on the stack
D7 1S 03(7 1414 BLEQ 116$ ; Exit Loop if result array exhausted
o8 1 8%%3 }2}2 BRB 1408 : Check rest of result array for nonzero
03CB 1417 ; If we detect overflow, we need to adjust R9 to reflect the nonzero longword
03CB 1418 ; removed from the stack before we enter the next code block that sets the
8%%3 }258 ; V=bit and cleans off the stack based on the contents of R9.
59 07 83Eg }221 1338:  DECL R9 . One more lLongword removed from stack
0%(0 14%§ : A nonzero digit has been discovered in a position that cannot be stored in
03CD 1424 ; the output string. Set the V-bit, remove the rest of the product arrcK from
03CD 1425 ; the stack, and join the exit processing in the code that determines the sign
03CD 1426 ; of the product.
03CD 1427 ]
58 02 88 03CD 1428 135%: B1SB #PSLSM _V,R11 : Set the overflow bit .
SE  6E49 DE 0300 14%9 MOVAL  (SP)[RO],sP : Clean oft rema1n1ng product string
0 8%82 }23? BRB 1508 : Go to code that determines the sign
0306 143§ : The remainder of the product array must be removed from the stack. A nonzero
0306 1433 ; result causes the V-bit to be set and the rest of the loop to be skipped.
8%82 }2;? : Note that there is always a nonzero Loop count remaining at this point.
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8¢ D5 030 6 140%:  TSTL (§P)+ ; Is next longword zero?
F1 1; 7 BNEQ 1338 ; No, leave loop
F9 59 F SOBGTR R9,140%
; The final product strin? has been stored and the V- and Z-bits have their
: correct settings. The s ?n,of the product must be determined from the
: signs of the two input strings, ngosite signs produce a negative product.
: Same signs (in any representation) produce a plus sign in the output string.
56 08 (0 1508:  ADDL #8,SP . Discard saved string descriptor
6 0C 00 MOVL #12,R6 ; Assume final result is positive
50 6 7D MovaQ (SP) RO ; Retrieve original RO/R1 pair
50 S0 046 0N EF ExTZv  #1,#{,R0,RO Get byte count for first input string
51 50 (O ADDL RO,R1 ; Point R! to byte containing sign
MARK _POINT MULP DIV

DIVP 0O
SO 61 FO BF 8B BICBY #+B11110000,TR1),RO ;: RO contains the sign ‘digit"’

elelalelelelalelolelolelolelelolealelolelelolelelealel=]
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16
14
1438
1639
1440
1441
144§
1446
1444
1445
1446
16447
16448
1449
14650
1451
145%
145 CASE RO, TYPE=B,LIMIT=#10,<~  Dispatch on sign digit
1456 2208 ,- : 10 => sign is T+’
1455 2108 ,- ; 11 => sign is '’
1456 2208,- : 1% => sign is "+’
1457 210%,- : 13 => sign is ="
1458 220%,- : 16 => sign is '+’
1459 220%,- ;15 => sign is "¢’
1460 >
1461
5¢ 01 0O 1462 2108:  MOVL #1.R4 ; Count a minus sign
02 1N }222 BRB 2308 : Now check second input sign
5¢ D4 8282 }222 2208:  CLRL R& ; No real minus signs so far
52 08 AE 7D O040A 1467 2308: mMOva B(SP) ,R2 : Retrieve original R2/R3 pair .
52 S2 04 01 EF OQ40FE 1468 EXTIV  #1,#4,R2,R2 ; Get byte count for second inpyt string
53 52 (0 0413 1469 ADDL R2,R3 : Point R3 to byte containing sign
0416 1470 MARK_POINT MULP_DIVP 0 o
52 63 FO 8F 8B 82}g }2;5 BICBY #*B11110000,TR3),R2 : R2 contains the sign ‘'digit"’
0418 1473 CASE R2,TYPE=B,LIMIT=#10,<~ ; Dispatch on sign digit
041B 1474 2508, - P10 => sign is ¢
0418 1475 2408, - : 11 => sign is '
0618 1476 2508, - ; 12 => sign is '’
06418 1477 2408 ,- ;13 => sign is ''-"
0418 1478 2508 .- : 14 => sign is ‘e
0418 1479 2508 ,- ;15 => sign is ''¢"
0418 1480 >
042B 1481 _ )
956 D6 042B 148% 2640%:  INCL R4 . Remember that sign was minus
09 564 E9 04%0 1483 250%: BLBC R4, 2608 . Even parity indicates positive result
10 58 02 EOQ 0430 1484 8BS #PSLSV_Z,R11,2708% ; Step out of Line for minus zero check
58 08 88 0434 1485 BISB  #PSLSMON.R11 ; Set N-bit in saved PSW
56 D6 0437 1486 2558 INCL R6 . Change sign to minus
04639 1487
0439 1438 MARK_POINT MULP DIVP_O o _
67 06 00 S6 FO 0439 1489 260%: INSV R6, 20,44, (R7Y : Store s13n in result string
10 AE gk 8435 1490 CLRL  16(sP} : Set saved R4 to zero
FeeC' 31 0222 }23} BRW VAXSOECIMAL _EXIT : Join common exit code
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11 0448

3 : 1t the resu*t is negative zero, then it must be cranged to positive zero
. unless overflow has occurred, 1n which case, the 5ign 1s left as negative
but the N-bit is clear.

2708: BB8S #PSLSV_V,R11,255¢ . Make sign negative if overflow

14

148
149
149
149
149 BRB 260% ; Sign will be positive

OO ~NO\NS




044A
Q44A
044A

A number LEQU 9999, when divided by 100, is guaranteed to produce both
3 quotient and a remainder LEQU 99.
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22: }28? . .SUBTITLE EXTEND_STRING_MULTIPLY - Multiply a String by a Number
0446A 1SO§ . Functional Description:
Q64A 1503 .
046A 1506 ; This routine multiplies an array of numbers (each array element LEQU
064A 1505 ; 99) by a number (also LEQU 99). The resulting product array is added
822: 1289 : to another array, each of whose elements is also LEQU 99.
064A 1508 ; Input Parameters:
044A 1509 ;
044A 1510 ; RY - Pointer to output array
044A 1511 ; R4 - [nput array size
044A 151% ; RS = lnfug array address
044A 1513 ; R6 - Multiplier
044A 1514 ;
064A 1515 ; Output Parameters:
044A 1516 ;
064A 1517 ; None
044A 1518 ;
064A 1519 ; Implicit Output:
044A 1520 ;
044A 1521 ; The output array is altered.
044A 152% ; ,
044A 1523 ; An intermediate product arrag is Eroduced by multiplying each input
044A 1524 ; array element by the multiplier. Each product array element is then
044A 1525 ; added to the corresponding output array element.
Q64A 1526 ;
064A 1527 ; Side Effects:
044A 1528 ; _ _
044A 15%9 : R3, R4, and RS are modified by this routine.
044A 1530 ; )
0644A 1531 ; R6 is preserved.
044A 1532 ; ) )
Q46A 1533 RO, R1, and R2 are used as scratch registers, RO and R1 contain the
064A 1534 ; quadword result of EMUL that is then passed into ED]V,
064A 1535 ; ,
044A 1536 . Assumptions:
044A 1537 ; .
044A 1538 ; This routine assumes that all array elements lie in the range from 0
044A 1539 ; to 99 inclusive. (This is true if all input strings contain only legal
044A 1540 ; decimal dig1ts.) The arithmetic performed by this routine will
82:: };21 : maintain this assumption. That is,
044A 154§ : . input array element LEQU 99
044A 1544 ; times multiplier LEQU 99
0“‘ 15‘5 T eecssscsccsccccccscscsss
064A 1546 ; product LEQU 9999
044A 1547 ; plus carry LEQU 99
0“‘ 15‘8 : -----------T ............
044A 1549 ; modified product LEQU 99+100
822: }ggg : plus old output array element LEQU 99
044A }ggi : new output array element LEQU 99+101 = 9999
1554 ;
1555 ;
1556 .
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EXTEND_STRING_MULTIPLY:
CLRL R2 ; Initial carry is zero

108: EMUL R6,(RS)+,R2,R0O form modified product (RO LEQU 9900)
ADDL?Z (RS).RO hdd old output array element
EDIV #100,R0,R2,(R3) Remainder to output array

Quotient becomes carry
SOBGTR R4,10% Keep going?

This renaining code looks more complicated than it actually is. In the
usual case, the routine exits immediately. In the event that a carr
occurs, one additional entry in the output array will be moditfied. Bnly in
the rare case of an output array consisting of a string of 99s will any
significant Looping occur.

ADDLZ2 RZ2,(R3) ; Add tinal carry

208:  CMPL  (R%),#100 : Do we overflow into next digit pair?
BGEQU  30% : Branch if carry
RSB ; Otherwise, all done

308 : SUBL #100, (R3) + ; Readjust entry and advance pointer
INCL (R3) . Propogate carr"
BRB 208 : ... and test this entry for overflow

—i
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. .SUBTITLE VAX$DIVP = Divide Packed

; Functional Description:

The dividend string specified by the dividend length and dividend
address operands is divided by the divisor string specified by the
divisor length and divisor address operands. The quotient string
specified by the quotient Length and quotient address operands is
replaced by the result.

Input Parameters:

RO - divrien.rw Number of di?its in divisor string
R1 - divraddr..b Address of divisor stqing
R = divdlen.rw Number of digits in dividend string
R3 - divdaddr.ab Address of dividend ctring
R4 - quolen.rw Number of digits in guotient string
RS = quoaddr.ab Address of quotient string
Output Parameters:
RO =
R1 = Address of the byte containing the most significant digit of
R2 ahe divisor string
R3 = Address of the byte containing the most significant digit of
" 6he dividend string
RS = Address of the byte containing the most significant digit of

the string containing the quotient
Condition Codes:
N <= quotient string LSS Q
l<- guog1ent string €QL 0
V <~ decimal overflow
C <=0
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
stored in the quotient string. R11 is used to record the condition
codes.
Algorithm:
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
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- VAX=11 Packed Decimal Arithmetic Instr 16=-SEP=-1984 01:32:%2 ¥

VAXSDIVP - Divide Packed -SEP=-1984 00:44:
Reading, Massachusetts

—
o
(V]
0

Notes:

W s Ve VsV Vs VsV BB 0sws 0,

. ENABLE LOCAL_BLOCK

+

Input Parameter:
(SP) - Return PC

Qutput Parameters:

4(SP) - Final state PSL
8(SP) = Return PC

Implicit Qutput:

Ve Ve We e B VB Bs G20 BB Bs Ve Ba Ve B

DIVIDE_BY_2ERO:
POPR

AX/VMS Macro V04-00 Page

EMULAT.SRCIVAXARITH.MAR;1

The choice of a Longword array to store the auotient deserves a
comment. In VAXSMULP, a longword array was used because its elements
were used directly by MULP and DIVP instructions. The use of Longwords
eliminated the need to convert back and forth between longwords and
bytes. In this routine, the QUOTIENT DIGIT routine returns its result
in a register, which result can easily be stored in whatever way is
convenient. By using longwords instead of bytes, this routine can use
the same end processing code as MULP, a sizeable savings in code.

This code path is entered if the divisor is zero.

0(SP) - SRMSK FLT DIV. T (Arithmetic trap code)

Control passes through this code to VAXSREFLECT_TRAP.

BA #“M<RO,R1,R2,R3,R4,R5,R6,R7,RB,R9,R10,R11>
. Restore registers and reset SP
] MOVPSL =(SP) ; Save final PSL on stack
DD PUSHL  #SRMSK FLT DIV T ; Store arithmetic trap code
31 BRW VAXSREFLECT_TRAP : Report exception
. It the divisor contains more nonzero digits than the dividend, then the
: quotient will be identically zero. Set ug the stack and the registers (R4,
: RS, and R9) so that the exit code will be entered to produce this result,
D4 1%: CLRL =(SP) ; Fake a quotient digit
00 MOVL #1,.R9 . Count that digit X
3 BRW MULTIPLY_DIVIDE_EXIT ; Store the zero in the output string
VAXSDIVP::
B8 PUSHR  #*“M<RO,R1,R2.R3,R4,R5,R6,R7,R8,R9,R10,R11> ; Save the lot
ESTABLISH_HANDLER - ; Store address of access
ARITH_ACCVIO ; violation handler

ROPRAND _CHECK R4

50N DD D 00 WA NN NN O M ™ ¢ 00 0000 D 00 00 00 OB G OO OO 0D OO 00 00 00 00 OO GO 00 O 00 OB OB 0o GO 0B 0B 00 OB 0B OB 0000 0D CD
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; Insure that R4 is LEQU 31
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ROPRAND CHECK  R? ; Insure that R2 is LEQU 31
MARK_POINT DIVP_BSBW 0
BSBW DECIMALSSTRIP_ZERDS_R2_R3 ; Strip high order zeros from R2/R3
ROPRAND CHECK RO ; Insure that RO is LEQU 31
MARK _POINT DIVP_BSBW 0
BSBW DECIMALSSTRIP_ZERDS_RO_R1 ; Strip high order zeros from RO/R1

Insure that the divisor is not 2ero. Because lLeading zeros have already
been eliminated, the divisor can only be zero if RO is 0 (zero Length
strings are 1dent\call¥ zero) or 1 (R1 contains a sign digit in the low
order nibble and zero in the high order nibble). Note that an exception
will not be generated if an even length string has an ille?al nonzero digit
{tor:g i? its most significant nibble (including an illegal form of a zero
ength string.

Ve Ve Vs Vs ®s B 0

EXTIV  #1,44 ,R0O,RO : Convert divisor digit count to bytes
BNEQ 10§ . Skip zero divisor check unless zero
MARK_POINT DIVP_0

BITB™  #+B11110000,TR1) ; Check for zero in ones digit

BEQL DIVIDE_BY_ZERO ; Generate exception if zero

This routine chooses to do its work with a fair amount of internal storage,
all of it allocated on the stack. The quotient is stored as it is computed,
in » 16-longword array. The dividend and divisor are stored as longuord arrays,
with each array element stor1ng a digit pair from the orig.nal packed
decimal string. The numerator digits are shifted by one digit (multiplied
by ten) so that the quotient has its digits correctly placed, lLeaving room
for a sign in the low order nibble of the Least significant byte. A scratch
arraz is also allocated on the stack to accommodate intermediate results
e

of the QUOTIENT_DIGIT routine.

0s: INCL RO ; Include least significant digit
Mova RO,R8 . Let R8 and R9 describe the divisor
EXTIV  #1,#4,R2,R2 : Convert dividend di?it count to bytes
INCL R2 : Include least significant digit
Mova R2.,-(SP) : Save dividend descriptor on stack
suaL3 RO,R2,R6 : Calculate main Loop count
BLSSU 1§$ : Quotient will be zero
INCL R6 ; One extra digit is always there

: Allocate R6 lLongwords of zero on the stack
MovL R6,RO ; Let RO be the Loop counter

15%: CLRL -(SP) : Set aside another quotient digit
SOBGTR R0O,15% ; Keep going
MOVL SP,R7 : Remember where this array starts

The divisor will be stored on the stack as an array of

longwords., Each array element contains a number between 0 and 99,
representing a pair of digits in the or1g1naL packed decimal ;tr1n?.
Because the units digit is stored with the sign in packed decimal Tormat,
it is necessary to shift the number as we store it. This is accomplished by
multiplying the number by ten.
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Q4E6 1753 ;
Q4E4 1754 ; The divisor string is described by R8 (byte count) and R9 (address of most
82%2 };gg . signiticant digit pair).
55 58 59 (1 Q4E4 1757 ADDL3  R9,RB,RS ; Point RS beyond sign digit
5 58 0O 82%3 ];gg MovL R8,R& ; R4 contains the loop count
04EB 1760 ; Put in an extra digit place for the divisor. This allows several common
82%3 };21 ; subroutines to be used when operating on the divisor string.
e D4 82%% };g% CLRL -(SP) : Set aside a place holder
Q4ED 1765 ; An arra{ ot longwords is allocated on the stack. R3 starts out pointing
Q4ED 1766 ; at the longword beyond the top of the stack. The first remainder, guaranteed
04ED 1767 ;. to be zero, is ''stored’’ here. The rest of the digit pairs are stored safely
82%8 };gg . below the top of the stack.
53 58 C(E 0Q4ED 1770 MNEGL  RB,R3 ; Stack grows toward Lower addresses
56 6E43 DE 0Q4FO0 1771 MOVA (SP)LR3],SP ; Allocate the space
5 S¢ 04 (3 82;3 };;% SUBL #4,5P ,R3 ; Point R3 at next lower longword
04F8 1774 MARK POINT DIVP_R6_R7
S1 75 9A (Q4FB 1775 208%: movZBL -(RS),R1 ; Get next digit pair
51 0000°'CF&1  9A Q4FB 1776 MOVIBL DECIMALSPACKED_TO_BINARY_TABLE[R1],-
0501 1777 R1 . Convert digits to binary
50 52 51 0A 7A 0501 1778 EMUL #10 ,R1,R2,R0 ; Muttipl b{ 10
83 52 50 00000064 8F 78 (506 1779 EDIV 2100 RO,R2, (R3)+ ; Divide ‘y 00
€6 3¢ F5 050 1780 SOBGTR R&,208
0512 1782 : There are two cases where the final quotient (contents of R2) is zero.
0512 1783 ; In these cases, the number of nonzero digit pairs in the divisor array i¢
0512 1784 ; smaller by one than the number of bytes containing the or1?1ngl_packed decimal
0512 1785 ; strlng. One case is a divisor string with an even number ot digits. The
0512 1786 ; second case is 3 divisor string with an odd number of digits but the most
0512 1787 ; significant digit is zero (essentially a variant of the tirst case). The
0512 1788 ; simplest way to handle all of these cases is to decrement R8, the divisor
0512 1789 . counter, it R2 is zero. Note that previous checks for a zero divisor
82}5 };g? . prevent R8 from going to zero.
63 52 D00 0512 1792 MOVL RZ,(R3) : Store final quotient ]
0A 12 0515 1793 BNEQ 25% . Leave well enough alone if nonzerc
56 D6 0517 1794 INCL R6 ;: One more quotient digit
57 06 (2 0519 1795 SUBL ¥4 ,R7 . Make room for it o
S8 D7 051C 1796 DECL R8 : Court one less divisor ''digit’
01 12 0% 1797 BNEQ 25%
0520 1798
0520 1799 30; twtevenevr BEGIN TEMP weavtntnnn
0520 1800 ::.
0520 1801 ,;;; THE FOLLOWING HALT INSTRUCTION SHOULD BE REPLACED WITH THE CORRECT
0520 1802 ;:. ABORT CODE.
0520 1803 ;..
0520 1804 ;. THE HALT IS SIMILAR TO THE
0520 1805 ;.
0520 1806 .;. MICROCODE CANNOT GET HERE
0520 1807 ;..
052C 1808 .;. ERRORS THAT OTHER IMPLEMENTATIONS USE.
0520 1809 ;..
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halt : This will cause an OPCDEC exception
;EE seeevevenee END TEMP wrveeernnne
25%: MOVL SP,R9 ; R9 locates low order divisor digit

: Tne dividend is stored on the stack as an array of longwords. It does not

; have its d\g\t pairs shifted so that this storage loop is simpler. An extra
; place is set aside in the event that it is necessary to normalize the

. dividend and divisor before division is attemptled.

CLRL -(SP) ; Set aside space for U[0]
MOVAL  (R7)[R6],R2 : Retrieve dividend descriptor
Mova (R2),R2 : +.. in two steps
MARK POINT DIVP_R6_R7
30¢- MOVZIBL (R3)+,R1 : Get next decimal digit pair
MOVIBL DECIMALSPACKED_TO_BINARY_TABLE[R1],~ ,
-(SP) : Convert digits to binary
SOBGTR RZ,30% ; Loop through entire input string

From this point until the common exit path for MULP and DIVP is entered,
no access violations that need to be backed out can occur. We do not need
to keeq the address of ARITH_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.

MOVL (R7)CR6]1,R10 : Retrieve size of dividend array '
MOVL SPL.R1 s R11 locates low order dividend digit

Allocate a scratch array on the stack the same size as the divisor array
; (which is one lLarger than the number of digit pairs)

MNEGL R8,R2 ;: Need a negative index
MOVAL  -4(SP)[R21,SP ; Adjust stack pointer

*

At this point, the stack and relevant ggneral 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.

T e e e L L S P + <-- SP
scratch ' N+1 longwords '
) et DI LI LIS R e S LD + <-= R11
dividend ' M+1 longwords ;
temcccccccccccccccccccccccccccs + <=-= R9
divisor ' N+1 Lcngwords '
teememccscccccccccccscccenenen + <= R7
quotient ' M+1-N longwords '
L T e L L +
' RO..R11 :
docomcacesaesssressssrsvsennawwee +

R6 = Number of longwords in quotient array (M+1-N)
R7 = Address of beginning of quctient arrar
R8 - Number of digit pairs in divisor (called N)

B By Vs Ve BV Vs Ve Ve Ve Bs Ve e BoBVe BB BN Be B
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0548 1867 ; R9 - Address of Low order digits in divisor
0548 1868 ; R10 = Number of digit pairs in dividend (called M)
0548 1869 . R11 - Address of low order digits in dividend
0548 1870 ;-
0548 1871
6 DF 0548 187% PUSHAL (SP) ; Store address of scratch array
7E S8 7D 0564A 187 MOVQ R8,-(SP) . Remember divisor descriptor
7ESA T 0%6d 1874 mova  RY0,-(sP) : Remember dividend descriptor
0550 1876 ; The algorithm that guesses the quotient'digit can be guaranteed to be off
0550 1877 . by no more than two if the high order digit of the divisor (called V[1]) is
0550 1878 ; at least as large as 50 (our radix divided by 2). If the high order digit
0550 1879 ; is too small, we "'normalize’’ the numerator and denomonator by multiplying
8228 133? . them by the same number, namely 100/(v[1]+1).
50 FC A948 01 (€1 0550 1882 ADDLY  #1,-4(R9)[RB],RO ; Compute V[1] + 1
33 S0 D1 0556 1883 CMPL RO,#51 ; Compare to 50 + 1
14 18 0559 1884 BGEQ 40 . Skio normalization it v[1] big enough
53 00000064 B8F 50 C7 0558 1885 DIVL3  RO,#100,R3 . Compute rormalization factor
5¢ 58 7D 0563 1886 MOVQ R8,R4 . Get descriptor of divisor
00EO 30 0566 1887 BSBW MULTIPLY_STRING ; Normalize divisor
54 SA 7D 0569 1888 Mova R10,R&4 . Get descriptor of dividend
00DA 30 822& }ggg BSBW MULTIPLY_STRING : Normalize dividend
056F 1891 ; We have now reached the point where we can start calculating quotient digits.
056F 1892 ; In the following Loop, RS> and R6 are loop invariants. R3 contains the number
056F 1893 ; of digit pairs in the divisor. R6 always points to the longword beyond the
056F 1894 ; most significant digit in the dividend string. R7 and R8 must be loaded on
056F 1895 ; each pass through because these two pointers are modified. Notice that the
8%2; }gg? ; address of the divisor array is exactly what we want to store in Ré.
SA 56 7D Q56fF 1898 40S%: MOovaQ R6,R10 ;: Let R10/R11 describe quotient and loop
58 DD 0572 1899 PUSHL  R1{ . Save quotient address for exit code
58  6B4A  DE 82;3 138? MOVAL  (R11)[R10],RM ; Store quotient digits from high end
8?;3 }38% ; This rather harmless looking lLoop is where the work is done
55 58 70 0578 1904 Mova R8,RS ; Inmitialize count and dividend address
59 SA DO 82;% }ggg MOVL R10,R9 : Remember the loop count in R9
57 10 AE 7D 037 1907 50%: Mova 16(SP) ,R7 . Load divisor and scratch addresses
001F 30 0582 1908 B85SBW QUOTIENT DIGIT . Get the next quotient digit
78 53 DO 0585 1909 MovL R3,-(R117 . Store it .
56 04 (2 0588 1910 SUBL #4 R6 . "'Advance’’ dividend pointer
FO SA ¢S 82%? }3}} S0BGTR R10,50% : ... and go gack for more
058 1913 ; The quotient digits have been stored on the stack. Eliminate the rest of the
058E 1914 ; stack storage and enter the completion code that this routine shares with
058E 1915 . VAXSMULP. Note that R9 is atread¥ set up with the longword count used by
058 1916 . the exit code. Note also that R11 is pointing to the saved dividend descriptor
8%32 }3}; ; that sits on top of the saved register array.
5S¢ 6E DO 038 1919 MOVL (SP),SP ; Reset stack pointer )
5¢ 18 AB49 DE 0591 1920 MOVAL < <4t2> ¢+ - . Skip over saved dividend descriptor
0596 1921 <4tl> >(R11)[R9],R6 ; and retrieve original R4 and R
56 64 7D 8238 }35% mMovaQ (R4) R4 { «.. TN two Steps
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0599 1924 ; The foilowing is a HACK.
0599 1925 .
0599 1926 : The method used to obtain quotient digits generally Leaves garbage (nonzero)
0599 1927 ; in what will become the sign digit. (In fact, this is the tenths digit of a
0599 1928 ; decimal expansion of the remainder.) We need to make the Least significant
0599 19%9 ; digit a multiple of ten.
0599 1930
SO 6 QA €7 0599 19N DIVLY #10,(SP),RO ;: Divide by ten, losing remainder
6¢ S0 QA (5 822? }g%% MULL3  #10.k0, ($P) ; Store on{) tens digit
FOBY 3N 82:2 }ggg BRW MULTIPLY_DIVIDE_EXIT ; Join common exit code
05A4 1936 .DISABLE LOCAL_BLOCK
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Side Effects:
R7 and R8 are modified by this routine. (See implicit output List.)

RS and R6 are preserved.

VAltggslHAL-ARlTHHEYIC = VAX=11 Packe thmet i 01:33:44 VYAX/VMS Macro V04-00 Puge 43
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05A4 1938 .SUBTITLE QUOTIENT_DIGIT - Get Next Digit in Quotient
Q5A4 1939 ;+ _
05A4 1940 ; Functional Description:
05A4 1941
05A4 194§ ; This routine divides an (N+1)-element array of longwords by an N-element
05A4 1943 ; grray._produc1ng.a single quotient digit in the range of 0 to 99
0SAL 1944 ; inclusive. The dividend array is modified by subtracting the product
82:2 }322 ; of the divisor array and the quotient digit.
05A4 1947 ; The "'numbers’’ that this array ogerates on multiple grgcision numbers
05A4 1948 ; in radix 100. Each digit (a number between 0 and 99) is stored in a
05A4 1949 ; longword array element with more significant digits stored at higher
05A4 1950 ; addresses. The dividend string and the scratch string (also called the
82:2 }321 R product string) contain one more element than the divisor string.
05A4 195% . Input Parameters:
05A4 1954 ;
05A4 1955 RS = Number of ''digits'’ (array elements) in divisor array (preserved)
05A4 1956 . R6 - Address ot longword immediately following most significant
05A6 1957 ; digit of dividend string (preserved)
05A4 1958 ; R7 - Address of least significant digit in divisor string (modified)
82:2 }ggg ; R8 - Address of least significant digit in product string (modified)
05A4 1961 ; Output Parameters:
05A4 196% ;
05A4 1963 ; R3 - The quotient that results from dividing the dividend string
0SA4 1964 ; by the divisor string.
05A4 1965 ; _ _ , _
05A4 1966 ; The final states of the three pointer registers are lListed here
05A4 1967 . for completeness.
05A4 1968 ;
05A4 1969 ; R6 - Address of longword immediately following most significant
8?:: }3;? : digit of dividend string
05A4 1972 ; R? - Address of Longword immediately following most significant digit
82:2 }3;2 : of divisor string. This longword must always contain zero.
05A6 1975 ; R8 - Address of longword immediately following most significant
05A4 1976 ; digit of product string
05A6 1977 ;
05A4 1978 ; Implicit Output:
05A6 1979 ; . e
05A4 1980 ; The contents of the dividend array are modified to reflect the
0sa4 1981 ; subtraction of the product string. The result of thiz subtraction
05A4 1982 ; could be stored elsewhere. It is a convenience to store it in the
05A4 1983 ; dividend array on top of those array elements that are no longer
05A4 1984 ; needed.
05A4 1985 . .
05A4 1986 ; The contents of the divisor array are preserved.
05A4 1987 ;

1988 ;

1989 .

1990 ;

1991 ;

199§ ;

1995 ;

1994 ;

RO, R1, R2, and R4 are used as scratch registers. RO and R1 contain the

I e | O
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Q5A4 1995 ; quadword result of EMUL that is then passed into EDIV. R2 is the
05A4 1996 ; carry from one step to the next. R4 is the loop counter.
0SA4 1997 ;-
0SAL 1998
05SA4 1999 QUOTIENT DIGIT:
F8 A6 FC A6 00C00064 gg 7A 8%:2 2000 EmMuL #100,-4(R6) ,-8(R6) , R0 ; RO <= 100 » Uljd + ulj+1]
50 FC A7645 (6 QS5AF 2001 DIVl =4(R7)CRSI,RO ; RO <= RO / v(1]
53 50 00 0584 200% MOVL RO,R3 : Store quotient ‘‘'digit’’ in R3
65 13 0587 200 BEQL 45§ : Nothing to do if 3uotient is zero
00000064 8F S3 D1 0589 2004 CMPL R3,#100 ; Is quotient LEQU 99?
07 1F 05¢0 5005 BLSSU 5% . Branch if quotient 0K
S3 00000063 8 DO 8;%% 2889 MOVL #99,R3 ; Otherwise start with 99
05C9 2008 ; we will now multiply the divisor array by the quotient digit, storing the
05C9 2009 ; product in the scratch array.
05¢9 2010
S¢ D& 05C9 2011 S§%: CLRL R2 ; Start out with a carry of zero
5¢ 55 DO 82%2 gg}% MOVL RS,RG : R4 will be the loop counter
50 52 87 S3 7A 0SCE 2014 10%: EMUL RY, (R?)+,R2,R0 ; Multiply next divisor digit
88 52 S50 00000064 8f 78 0503 2015 EDIV #100,R0,R2, (R8) + ; Remainder to input array
05DC 2016 ; Quotient becomes carry
EF 5S4 FS 823% 58}; SOBGTR R&4,108 . More divisor digits?
88 52 00 82%5 %8}8 MOVL R2,(R8)+ ; Store final carry
0SE2 2021 ; If the product array is Larger than the dividend array, then the guotient is
0562 2022 ; too large. To avoid a second trip through the rather costly EMUL/EDIV loop
05€2 2023 ; and also to avoid array subtraction that produces a negative result, we will
0562 2024 ; first compare the product and dividend arrays. If the product is smaller, we
0SE2 2025 ; can safely subtract. If the product is larger, we decrease the quotient by
8;55 %859 ; one and subtract the divisor array from the product array.
S0 56 DO 052 2028 15%: MOVL R6.RO ; Point RO and R1 to high address ends
51 58 DO O0SES 2029 MOVL R8,R1 : ... of dividend and scratch strings
5¢ 55 00O gggg 58%? MOVL RS ,R4 : Initialize the Loop counter
82%8 %8%% ; The comparison is done from most to least significant digits
700 N D1 O5EtB 2034 208: (MPL -(R1),-(R0O) ; Compare next pair of digits
0E 1F OQ5EE 2035 BLSSU  30% ; Leave loop if product is smaller
20 1A QS5F0 2036 BGTRU  50% ; Also Leave it product is larger
F6 54 Fé& 82:% %8%; SOBGEQ R4,20% ; More to test?
05F5 2039 ; If we drop through the Loop, then the dividend and product are equal, We
OSFS 2040 ; simply store zeros in the dividend arra‘ (the equivalent of subtraction
05F5 2041 ; of equal arrays) and return. Note that RO is already pointing to the
82;2 %825 ; least significant dividend array element.
5« 55 DO 82;3 %82? MOVL RS.R& ; Initialize still another Loop counter
80 D& O5F8 2046 258: CLRL (RO)+ . Store another zero
FB 5S¢ F& OQSFA 2047 SOBGEQ R4,25% : Keep going?
05FD 2048
05 O0SFD 2049 RSB : Return to caller
OSFE 2050
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: If we drop through the loop, then the ?uotient that is stored in R3 is good.
. We need to subtract the product array from the dividend array. Note that RO
. and R1 need to be adjusted to point to the lLeast significant array elements
. before the subtraction can begin.

308: MNEGL R4 R4

We need a negative index
MOVAL (RO)ERL].RO
‘RL],R1

Adjust dividend pointer

®eweBawse

MOVAL  (R1) ... and product pointer
MOVL RS.R R4 will count still another loop
35%: SUBLZ  (R1)+,(RO)¢ : Subtract next digits
BGEQ 40% . Skip to end of Loop if no borrow
ADDL2  #100,-4(RO) . Add borrow back to this digit
DECL (RO) : ... and borrow from next highest digit
408$: SOBGEQ R&,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 lLarge. The brute force
approach is to decrement the quotient by one and execute the EMUL/EDIV loop
again. Note, however, that we can evaluate the modified froduct 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 offt by more than two.)

LS NN NN NI A NN N

508 : DECL R3 : TIr guotignt smaller by one
BEQL 45% : ALl done if zero

: Point R1 and R2 at the Lleast significant digits of the scratch and product
; strings respectively.

MNEGL  RS.RO
MOVAL =4(R8)[RO],R1
MOVAL  (R7)CRO],R2

Need a negative index
Scratch array contains N+1 elements
Product array contains N elements

MOVL R5,R& R4 will count still another toop
60$: SUBLZ  (R2)+,(R1)+ ; Subtract next digits
BGEQ 70% ; Skip to end of loop it no borrow
ADDL2  #100,-4(R1) : Add borrow back to this digit .
DECL (RY) : ... and borrow from next highest digit

70$: SOBGEQ R&4,60% Keep going?

ADDLZ2  #4,RY : Point R1 at most significant digit
BRB 15§ . Make another comparison

—<C
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v04-000 MULTIPLY_STRING - Multiply a String by a -SEP=-1984 00:44:34 EMULAT,SRCIVAXARITH.MAR;1 (
8223 }8? . .SUBTITLE MULTIPLY_STRING - Multiply a String by a Number
0649 105 ; Functional Description:
0649 2103 ; ,
0649 2104 ; This routine nultiflies an array of numbers (each array element LEQU
0649 2105 ; 99) by a number (also LEQU 99). Each array element in the input array
0649 2106 ; is replaced with the modified product, with the carry propogated to
0649 2107 ; the next array element.
0649 2108 ;
0649 2109 ; Input Parameters:
0649 2110 )
0649 2111 ; RY - Multiplier
0649 11% : R4 - Input array size
06649 2113 ; RS = Input array address
0649 2114 ;
0649 2115 ; Output Parameters:
0649 2116 ;
0649 2117 ; None
0649 2118 ;
0649 2119 ; Implicit Output:
0649 2120 ; .
0649 2121 ; The input array elements are altered.
0649 2122 ;
0649 2123 ; Side Effects:
0649 2124 ;
0649 2125 ; R4 and RS are modified by this routine.
0649 2126 ; )
0649 2127 ; RY is preserved.
0649 2128 ; .
0649 2129 : RO, R1, and R2 are used as scratch registers. RO and R1 contain the
0649 2130 ; quadword result of EMUL that is then passed into EDIV. RZ is the
0649 2131 ; carry from one step to the next.
0649 2132 ;
0649 2133 ; Assumptions:
0649 2134 ; ) .
0649 2135 ; This routine assumes that all array elements lie in the range from 0
9649 2136 ; to 99 inclusive. (This is true if all input strings contain only legal
0649 2137 ; decimal d\g\ts.) The arithmetic performed by this routine will ]
0649 2138 ; maintain this assumption. The details of this argument can be found in
0649 2139 ; the routine header for EXTENDED _MULTIPLY_STRING. This routine pertforms
0649 2140 ; Less work so that those arguments also apply here.
0649 2141 ;-
0649 214%
0649 514 MULTIPLY_STRING: o .
52 D& 8223 2}2; CLRL R2 : Initial carry is zero
50 52 65 S3 7A Q64B 2146 10%: EMUL R3, (RS) ,R2,R0 ;: Form modified product (RO LEQU 9900)
85 52 50 00000064 8F 78 0650 2147 EDIV #100,R0,R2; (R5) + : Remainder to input array
0659 2148 : Quotient becomes carry
EF S¢ S 82?? g}gg SOBGTR R4 ,108 ; Keep going?
65 52 D0 065C 2151 MOVL R2.(RS) ; Store ftinal carry
05 065F 2152 RSB

—a
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v04-006 DECIMAL ROPR g 00ize:3¢ ¢ e3v 29¢

SEP~-1984 bé: EMULAT.SRCIVAXARITH.MAR; 1 (20)
.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
gerforn1nq 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 PC from VAXSxxxxxx routine

Output Parameters:

(=lelolelelelelolaleclealealelelelalelelelsls]
ooooooooororor0rO0rOrOFONONONOONONON
oooooooooororo~roororororOOMOCOOOOOO
(=]olelelelelalelalelelalelololeloleolalelels

00(SP) - Offset in packed register array to delta P( byte

LR A N R RN NI I NN FE N N PR FE N R N PN PN N P A N TN N W )

8228 04 (SP) - Return PC from VAXSxxxxxx routine
8228 Implicit Output:
0660 This routine passes control to VAXSROPRAND where further
0660 exception processing takes place.
0660 -
0660
0660 ASSUME ADDP6_B_DELTA_PC EQ ADDP4_B_DELTA_P(C
0660 ASSUME SUBP4 _B_DELTA_PC EQ ADDP4_B_DELTA_P(C
0660 ASSUME SUBP6 B DELTAPC EQ ADDP4_B_DELTA-PC
0660 ASSUME MULP_B BELTA_PC EQ ADDP4_B_DELTA_PC
8228 ASSUME DIVP_B_DELTA_PC EQ ADDP4_B_DELTA_PC
0660 DECIMAL _ROPRAND:

OFFF 8F BA 0660 POPR #*M<RO,R1,R2,R3,R4,R5,R6,R7 ,R8,R9,R10,R11>

03 DD 0664 PUSHL  #ADDP4 B DELTA_PC ; Store offset to delta P(C byte

PO AVAL LA ALV AL AN AN AN NP NONLNVPOVPNLNV PV VNNV NONONUCLVNNINVNOND

b d e e b e e e e D i b e e e e e e e e i e ) e D e e e D e e e ) o e ) e e o e o T
WOV OO0 NN NN NN NNNNOOCOOOOOOOOWVWAALN Z0
NN =2 OO0 N NS LN = O VOO O NN = OV NO NS IR = D0 O ES OO

F997' 31 0666 BRW VAX$SROPRAND . Pass control along
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: will be shown as it was when the exception occurred. All offsets will
; be pictured relative to RO.

v04-000 ARITH_ACCVIO - Reflect an Access Violati -SEP-1984 00:464:34 EMULAT.SRCIVAXARITH.MAR; (21)
0669 2195 .SUBTITLE ARITH_ACCVIO - Reflect an Access Violation
0669 199 ¢ _ .
8669 197 . Functional Description:
669 2198 ;
0669 2199 ; This routine receives control when an access violation occurs while
0669 2200 ; executing within the emulator routines for ADDP4, ADDP6, SUBP4, SUBPS,
8223 §81 . MULP, or DIVP.
0669 Og ; The routine header for ASHP_ACCVIO in module VAXSASHP contains a
0669 2204 ; detailed description of access violation handling for the decimal
0669 0s ; string instructions.
0669 09 :
0669 07 :; Input Parameters:
nS69 ¢208 . ,
8223 5?8 : See routine ASHP_ACCVIO in module VAXSASHP
0669 %211 : Output Parameters:
0669 21§ : . )
0669 2213 ; See routine ASHP_ACCVIO in module VAXSASHP
0669 2214 ;-
0669 2215
0669 2216 ARITH_ACCVIO:
52 D& 0669 2217 CLRL R2 ; Initialize the counter
F991 CF  9F 0668 2218 PUSHAB MODULE _BASE : Store base address of this module
06D3°'CF  9F 0Q66F 2219 PUSHAB MODULE _END . Store module end address
F9BA' 30 0673 2220 BSBW DECIMACSBOUNDS _CHECK : Check it PC is inside the module
S 04 (O 0676 2221 ADDL #4,SP ; Discard end address
51 8t (2 82;2 %55% SUBL2  (SP)+,R1 : Get PC relative to this base
0000°CF42 51 B1 067C 2224 108:  CMPW  R1,PC_TABLE_BASELR2]  ; Is this the right PC?
07 13 0682 2225 BEaL  30$ : Exit loop it true
F& 52 28 F2 8233 5559 AOBLSS #TABLE_SIZE.R2,10% : Do the entire table
0688 2228 ; It we drop through the dispatching based on PC, then the exception is not
823% %%%8 ; one that we want to back up. We simply reflect the exception to the user.
OF BA 0688 2231 20$: POPR #*M<RO,R1,R2,R3> : Restore saved registers
05 8233 %3%% RSB : Return to exception dispatcher
0688 2234 ; The exception PC matched one of the entries in our PC table. R2 contains
0688 2235 ; the index into both the PC table and the handler table. R1 has served
8233 %%%9 ; its purpose and can be used as a scratch register.
51 0000°'CF&2 3C 0688 2238 30s8: MOVZIWL HANDLER TABLE BASECR2],R1 ; Get the offset to the handler
FO6A CF&1 17 823; 5323 JWP MODULE _BASELRT] ; Pass control to the handler
0696 %52; ;: In all of the instruction-specific routines, the state of the stack
2243
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v04-000 Access Violation Handling for ADDPx and ~SEP-1986 00:44:34 [(EMULAT.SRCIVAXARITH.MAR;1 (22)

8232 25 . .SUBTITLE Access Violation Handling for ADDPx and SUBPx
0696 49 . functional Description:
0696 48 ;
0696 49 ; The only difference among the various entry points is the number of
0696 50 . longwords on the stack. RO is advanced beyond these longwords to point
0696 31 ¢ to the List of saved registers. These registers are then restored,
8232 gi R effectively backing the routine up to its initial state.
0696 554 : Input Parameters:
0696 5S . . )
8232 %g; R RO - Address of top of stack when access violation occurred
0696 2258 ; See specific entry points for details
0696 2259 ;
0696 2260 ; Output Parameters:
0696 2261 .
8232 %%g§ : See input parameter Llist for VAXSDECIMAL_ACCVIO in module VAXSASHP
0696 2264
0696 2265 ;¢
0696 2266 ; ADD_SUB_BSBW_24
0696 2267 ; . ) ) .
0696 2268 . An access violation occurred in one of the subroutines ADD_PACKED_BYTE,
0696 2269 ; SUB_PACKED_BYTE, or STORE_RESULT. In addition to the six longwords of work
0696 2270 . space, this routine has an additional longword, the return PL, on the
0696 2271 ; stack.
0696 2272 . ] o ]
0696 2273 ; Q0(RQ) - Return PC in mainline VAXSxxxxxx routine
0696 2274 ; 04 (RO) - Address of s13n byte of destination string
0696 2275 ; O8(R0O) - first Longword of scratch space
0696 2276 . etc.
0696 2277 :-
0696 2278
0696 2279 ADD_SUB_BSBW_24:

S0 04 (O 0696 2280 ADDL #4,R0 ;. Skip over return P(C and drop into ...
0699 2281
0699 2282 ;¢
0699 2283 . ADD_SUB_24
0699 2284 ; .
0699 2285 ; There are five longwords of workspace and a saved string address on the stack
0699 2286 ; for this entry point.
0699 2287 . ) ) _ )
0699 2288 ; Q0(RQ) - Address of 513n byte of destination string
0699 2289 . 04(RO) - First longword of scratch space
0699 2290 . .
0699 2291 ; . ]
0699 2292 . 20(R0O) - Fifth Longword of scratch space
0699 5293 : 24(SP) - Saved RO
0699 2294 . 28(SP) - Saved R1
0699 2295 . etc.
0699 2296 ;-
0699 %297
0699 2298 ADD_SUB_24: .

50 18 (0 0699 2%99 ADDL #24 RO ; Discard scratch space on stack

F961' ™ 823; 538? BRW VAX‘DEC!HAL_ACCVIO : Join common code to restore registers
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069F 0§ X

069F 05 ; ADD_SuB_BSBW_0

069F 06 ;

069F 05 ; An access violation occurred in one of the subroutine STRIP_ZERGCS. This

069F 2306 ; entr‘ point has an additional longword, the return PC, on the stack on top

828; ggg . of the saved register array.

069F 2309 ; 00(RO) - Return PC in mainline VAXSxxxxxx routine

069F 2310 ; 04(R0) - Saved RO

069F 2311 ; 08(R0) - Saved R}

069F 231% . etc.

069F 331 ‘-

069F 2314

069F 2315 ADD_SUB_BSBW_O:

S0 04 €O OQ69F 2316 ADDL #6,R0 : Skip over return PC and ...
F9SB' 31 06A2 2317 BRW VAXSDECIMAL _ACCVIO : Join common code to restore registers

< <

NOAN
O
~




VAXSDECIMAL ARITHMET
vo«-058 -

1C

50

6048
04

VOO

M2
- VAX=11 Packed Decimal Arithmetic Instr 16=-SEP-19

Access Violatioa Handling for MULP and D S-SEP-19
06AS .SUBTITLE Access Vio
06AS ¢

06AS E functional Description:

o
o
»
N
NN AN

SNNNNNNOOOONONONOON OO N ANAWAVAWIAVALWALALES 25 55 55 8 0 B 85 8 85 WA b W U A U A L) PO PR NI PO NONONOND —
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The only difference amonao

06A5 ; longwords on the stack. K
06A5 : to the list of saved regis
82:2 : effectively backing the ro
06AS ; Input Parameters:

06AS :

06AS : RO - Address of top of sta
06AS :

06A5 : See specific entry points
06AS :

06AS ; Output Parameters:

06AS :

06A5 : See input parameter Llist f
06AS .=

MULP_R8

An access violation occurred whi

array of R8 longwords on top of
saved register array.

(elelelaleleleloelelole
e alal’al*al’al’al al*al el al’s
PP P
VAWAWAALAWAAAWAWAWLAWL

R8 - Number of longwords o

L R PR TR N N PR N PR FN Y]

AONLALNLRNININVNLNLPLALNJ AN NNV AL ALNINI N NINININIAIALNINIPLNL RV P AIAI AU AV PVN) P RONIND AORINI PORNININININ)
L U il A U Ll Ll L Ll U U L U U A Al b Al A ot L Ul nd A Ll A i A L Ll i U U Ul L Ll U A U U U U U L W AN LA U U N N LN

06AS -
06AS
06AS .ENABLE LOCAL _BLOC
06AS
06AS MULP_R8:
DE Q6AS MOVAL  (RO)CR8],RO
11 06A9 BRB 10%
06AB
06AB o ¢
06AB : MULP_AT_SP
06A8 : ) ) ]
06AB s An access violation occurred whi
06AB ; strings. In this case, the acces
06AB : 2rand multiply Loop as a digit p
06AB : the two input strings. The addre
gg:g ; was itself stored on top of the
06AB : 00(RO) - €aved byte count
06AB : 04(RO) - Saved address of
06AB : 08(R0O) = Address of 32-lon
06AB .-
06AB
06AB MULP_AT_SP:
DO Q6AB MOVL 8(R0O),RO
9t  Q6AF 108:  MOVAB  <<4#33> + <4e2>>(R
31 0684 BRW VAXSDEC IMAL _ACCVIO

0687

strings. In this particular case, MULP was storing t
input strings in a lLongword array on the top of the

84
86 00:44:346 ([EMULAT,SRCIVAXARITH.MAR:;
lation Handling for MULP and DIVP

the various entry points is the number of

is advanced beyond these longwords to point
ters. These registers are then restored,
utine up to its initial state.

ck when access violation occurred

for details

or VAXSOECIMAL _ACCVIO in module VAXSASHP

one of its two source
e longer of the two
stack. There is an
an array of 32 longwords on top of the

le MULP was accessin

n top of the 32-liongword array
K

; Discard input array stoqage
: Might as well share a Little code

le MULP was accessing one of its two source
s violation occurred in the middie of the
air was being retrieved from the shorter of
ss of the start of the 32-Longword array
stack for convenience.

of Longer input string
longer input string
gword array farther down the stack

. Locate start of 32-longword array
0),R0 ; Throw that away, too _
. Join common code to restore registers

1:33:44 VAX/VMS Macro v04-00 Page

51

(23)
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v04-000 Access Violation Handling for MULP and D 5-SEP-1984 00:44:34 [EMULAT.SRCIVAXARITH.MAR;1 (23)
0687 76 .DISABLE LOCAL_BLOCK
o6B? g?? -
06B7 2378 ;+
0687 ¢379 ; MULP_DIVP_R9
0687 2380 . ) )
06B7 2381 ; An access violation occurred while the final result was being stored in the
0687 38§ . result string. In this common exit code path, R9 counts the number of
06B7 2385 ; longwords on the stack. In all cases where an access violation can occur, a
06B7 2384 : longword has been removed from the stack but R9 has not yet been
0687 2385 ; decremented to reflect this. The conceptual instruction sequence that
0687 2386 ; resets the stack pointer (really RO) to point to the start of the saved
06B7 2387 ; register array is
0687 2388 ;
06B7 2389 ; DECL R9
0687 2390 ; MOVAL  (RO)CR9]
0687 2391 .
0687 239% : A single instruction accomplishes this.
0687 2393 ;
0687 2394 ; R9 - One more than the number of longwords on the stack on top
0687 2395 ; of the saved register array.
06B7 2396
06B? 2397 ; 00(RO) - First longword of scratch storage remaining on the stack
06B7 2398 ; .
06B7 2399 . .
06B7 2400 ; 22~4(RO) - Last longword of scratch storage )
0687 201 ; 22+0(R0) = Saved count of dividend or multiplier string
06B7 2402 ; 22+4(R0O) =~ Saved address of dividend or multiplier string
06B7 2403 ; 22+8(RQ) - Saved RO
0687 2404 ; 22+12(R0) - Saved R1
06B7 2405 ; etc.
06B7 2406 .
06B7 2407 where 22 = 4 * (R9 - 1)
0687 2408 ;-
0687 2409
06B7 2410 MULP_DIVP_R9:
50 04 AQ49 DE 06B7 2611 MOVAL 4 (RO)[R9],RO ; Discard scratch storage on stack
F941' 3 823; %2}% BRW VAXSDECIMAL _ACCVIO . Join common code to restore registers
068F 2614 ;+
Q06BF 2615 ; MULP_DIVP_8
06BF 2416 ; , , , ,
06BF 2417 ; An access violation occurred in the common exit path after the scratch array
06BF 2418 . had been removed from the stack but before the saved descriptor for the
Q6BF 2419 ; multiplier string was discarded.
066F 2420 ; . L. )
06BF 2421 ; 0(RO) = Saved count of dividend or multiplier string
06BF 2422 ; 4(R0O) - Saved address of dividend or multiplier string
06BF 2423 . 8(RO) = Saved RO
06BF 2424 ; 12(R0) - Saved R1
06BF 2425 ; etc.
06BF 2426 ;-
06BF 2427
06BF 2428 MULP_DIVP B: . o , ,
50 08 (0 OQ6BF 2429 ADDL #8 R0 ; Discard multiplier string descriptor
F938' 31 82%5 %2%? BRW VAXSDECIMAL _ACCVIO ; Join common code to restore registers
2432




8 13

where 22 = & * Rb
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06C5 2433 ; MuULP_BSBW_0O
06C5 26434 ; DIVP_BSAW_0
06C5 2635 ; ) i i ,
06C5 Q43¢ , An access violation occurred in one of the subroutine STRIP_ZEROS. This
06C5 2437 ; entrK point has an additional longword, the return PC, on the stack on top
82E§ %2%3 . of the saved register array.
06C5 2440 ; 00(RO) = Return PC ir mainline VAXSMULP or VAXSDIVP routine
06C5 2441 ; 04(RO) - Saved RO
06C5 244% : 08(R0O) - Saved R1
0605 2443 ; etc.
06C5 2444 ;-
06C5 2445
06C5 2446 MULP_BSBW_0:
06C5 2447 DIVP_BSBW 0:
50 04 €O 0Q6CS 2448 AboL #4,R0 ; Skip over return PC and drop into ...
06C8 2449
06C8 2450 ;+
06C8 2451 ; DIVP_O
06C8 2452 ; MULP_DIVP_O
06C8 2453 ;
06C8 2454 ; There was nothing allocated on the stack other than the saved register ‘
06C8 2455 ; array when the access violation occurred. We merely pass control to common
06(8 2456 ; code to restore the registers.
06C8 2457 ;
06(8 2458 ; 00(RO) - Saved RO
06(8 2459 ; 04(RO) - Saved R1
06(8 2460 ; etc.
06C8 2461 ;-
06C8 2462
06C8 2463 DIVP_O0:
06CB 2464 MULP-DIVP_0: . _
F935' 31 06(8 2465 BRW VAXSDECIMAL _ACCVIO ; Join common code to restore registers
06C(B 2466
06CB 2467 ;+
06CB 2468 : DIVP_R6_R7
06(B 2469 ; . i . ) ) .
06(B 2470 ; An access violation occurred while one of the two input strings was being
06CB 2471 ; converted to an array of longwords on the stack. The state of the stack
06CB 2472 ; is rather complicated but R6 and R7? contain enough information to allow
gggg %2;2 . the rest of the stack contents to be ignored.
06(B 2475 . R6 - Count of Longwords in quotient array on stack
82%% %2;9 : R? - Address of quotient array on stack
06(B 2478 ; O0(RO) - First Longword of quotient array
06CB 2479 ; .
06(B 2480 ; .
06C(B 2481 ; 22-4(R0) - Last longword of scratch storage
0h(B 2482 ; 22+0(R0O) - D1g1t count of dividend string
06(B 2483 ; 22+4(RO) - Address of dividend string
06(B 2484 ; 22+8(R0) - Saved RO
06(B 2485 ; z2+12(RO) - Saved R1
06C(B 2486 ; etc.
06(B 2487 ;
06(B 2488 ;
06CB 2489 ;
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06(8 %490
06(B 2491 DIVP_RE_R7:
50 08 A746 DE Q6(B 249 “MOVAL  8(R7)[R6],RO ; Discard everyth1ng on stack
F92D' 3 828% 2234 BRW VAXSDE C IMAL _ACCVIO . Join common code to restore registers
06D3 2495 END_MARK_POINT
06D3 2496
06D3 2497 END
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VAXSDECIMAL _ARITHMETIC
Symbol table

.O.PCOO.
.ROPRAND .
ADDP& B DELTA _PC
ADDP6 B DELTAZPC
ADD _PRCRED
ADD “PACKED_BYTE_R
ADD _PACKED BYTE™S
ADD _SUBTRACT_EXTT
ADD _SUB_24
ADD"SUB_BSBW_0
ADD_SUB_BSBW 24
ADD-SUB_V_2ERO_R
ARITH ACCO10

6_R7
TRING

DEC IMALSBOUNDS _CHECK

DECIMALSSTRIP_ZERBS_RO_RTY
DECIMALSSTRIP-ZEROS_R2_R3
DECIMAL ROPRARD
DIVIDE_BY_2ERO

DIVP_0~

D1
Dl
DIVP

Exrano STRING_MULTIPLY
HANDLER TABLE _BASE
MODULE _BASE

MODULE "END

MULP AT SP
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SUB_PACKED_BYTE_STRING
TABLCE SI1Z2€~

VAXSADDP4

VAXSADDP6

VAXSADD PACKED BYTE_R6_R7
VAXSDECTMAL _ACTVIO ~

-8
“R9
DIVIDE _EXIT
STRING

BASE

DECIHKL‘BINARY TO_PACKED_TABLE
DECIMALSPACKED TO BINARY_TABLE
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VAXSDECIMAL _EXIT
VAXSDIVP
VAXSMULP
VAXSREFLECY _TRAP
VAXSROPRAND ™
VAX$SUBP4
VAX$SUBP6
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The working set Limit was 1650 pages. i .
50323 bytes (99 pages) of virtual memory were used to buffer the intermediate code
There were 20 pages of symbol table space allocated to hold 182 non-local and 113
2497 source Lines were read in Pass 1, produc1n5125 ocbject records in Pass 2.

ma

23 pages of virtual memory were used to define cros.
tecmcrcccacenscccaccccccncane +
! Macro Library statistics !
tecccccccccccccccccccccccaa +
Macro Library name Macros defined
_$2558DUA2B : CEMULAT.0BJIVAXMACROS.MLB; 1 12
$255%0UA28:[SYSLIBISTARLET MLB; 2 6
YOTALS (all libraries) 18

318 GETS were required to define 18 macros.

There were no errors, warnings or information messages.

VAXSDECIMAL _ARITHMETIC = VAX=11 Packed Decimal Arithmetic Instr 16-SEP-1984
Psect synopsis 5-SEP=-1984
deccccccarcccnane +
i Psect synopsis !
PSECT name Allocation PSECT No. Attributes
. ABS . 00000000 ( 0.) 00 ¢ O0.) NOPIC USR (CON ABS
$ABSS 00000002 ( 0.) 01 ¢ 1.) NOPIC USR CON ABS
VAXSCODE 0000060 ( 1747.) 0% ( %.) PIC USR (ON REL
C_TABLE 00000050 (¢ 80.) 0% « .) PIC USR (ON REL
HARDLER_TABLE 00000050 ¢ 80.) 04 { &.) PIC USR (ON REL
trccccrccrcccccccccsccccaas +
! Performance indicators !
fecccccncctccnccnncrences +
Phase Page faults CPU Time tlapsed Time
Initialization 10 00:00:00.06 00:00:00.99
Command processing 4. 00:00:00.55 00:00:03.24
Pass 1 208 00:00:07.77 00:00:22.36
Symbol table sort 0 00:00:00.35 00:00:01.58
Pass ? 392 00:00:04.76 00:00:13.45
Symbol table output 0 00:00:00.06 00:00:00.62
Psect synopsis output 0 00:00:00.03 00:00:00.03
Cross-reference output 0 00:00:00.00 00:00:00.00
Assembler run totals 681 00:00:13.58 00:00:42.27

local symbols.,

MACRO/LIS=LIS$:VAXARITH/0BJ=0BJ%:VAXARITH MSRCS:VAXARITH/UPDATE=(ENHS:VAXARITH) +L1B$:VAXMACROS/LIB

AX/VMS Macr
EMULAT.SRC]

[anl 4

v04-00 Page
AXARITH.MAR;1 (

NOWRT NOVEC BYT
WRT NOVEC BYTE
NOWRT NOVEC LONG
NOWRT NOVEC BYTE
NOWRT NOVEC B
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