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Facility:
VAX=11 Instruction Emulator
; Abstract:
The routines in this module emulate the VAX-11 packed decimal
instructions that perform arithmetic operations. These procedures can
be a part of an emulator package or can be called directly after the
input parameters have been loaded into the architectural registers.

: The input parameters to these routines are the registers that
: contain the intermediate instruction state.

: Environment:

These routines run at any access mode, at any IPL, and are AST
reentrant.

: Author:

: Lawrence J. Kenah
: Creation Date

19 October 1983

; Modified by:
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:LJK004
:LJK004
sLJK
sLJK
:LJK004

v04=-001 LJKDOD4S Lawrence J. Kenah 19-Sep=-1984
result strin? in ADDP4 and SUBP4 must be probed for
write access to insure that the instruction does not modify
memory before trying to restart,

v01-003 LJK0037 Lawrence J. Kenah 17=Jul=-1984
Fix two minor bugs in exception handling code that caused
MULP and DIVP tests to generate spurious access violations.

v01-002 LJK0024 Lawrence J. Kenah 21=Feb=1984
Add code to handle access xiolations. Perform minor cleanup.
Eliminate double use of R10 in MULP and DIVP.

v01-001 LJKO008 Lawrence J. Kenah 19-0ct-1983
The emulation code for ADDP4, ADDP&, SUBP4, SUBP6, MULP and
DIVP was moved into a separate module.
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ii LSUBTITLE Declarations
& ; Include files:
[4 .NCCROSS : No cross reference for these
; ENABLE SUPPRESSION ; No symbol table entries either
4 ADDP&_DEF ; Bit fields in ADDP4 registers
0 ADDP6 DEF ; Bit fields in ADDP6 rcgistors
DIVP_BEF ; Bit fields in DIVP registers
; MULP_DEF : Bit fields in MULP registers
SUBPZ_DEF : Bit fields in SUBP4 registers
3 g SUBP6_DEF ; Bit fields in SUBP6 registers
08 9 $PSLDEF : Define bit fields in PSL
888 $SRMDEF ; Define arithmetic trap codes
00 8 .DISABLE SUPPRESSION : Turn on symbol table again
888 99 .CROSS : Cross reference is 0K now
§880 3 : Symbol definitions
008 9% : The architecture requires that R4 be zero on conglotion of an ADDP6 or
0000 95 SUBP6 instruction. If we did not have to worry about rostort1ng
0000 9 ; instructions after an access violation, we could sinpl‘ zZero the saved
0000 97 ; R4 value on the code gath that these two instructions have in common
8000 98 . before they merge with the ADDP4 and SUBP4 routines. The ability to
000 99 : restart requires that we keep the original R4 around at least until no
0000 100 ; more access violations are possible. To accomplish this, we store the
0000 101 ; fact that R4 must be cleared on exit in R11, which also contains the
0000 10; : evolving condition codes. We use bit 31, the com atibilitx mode bit
0888 }0‘ : because it is nearly impossible to enter the emulator with CM set.
0000001F §838 }§s ADD_SUB_V_ZERO_R4 = PSLSV_CM
8888 }82 ; External declarations
8888 }?3 .DISABLE GLOBAL
0000 1M .EXTERNAL =
800 11; DECIMALSBOUNDS CHECK,=
00 11 DECIMALSBINARY™TO_PACKED_TABLE,=
080 114 DECIMALSPACKED "TC BINARY TABLE,~
D00 115 DECIMALSSTRIP_ZEROS_R _n;.-
0 }}9 DECIMALSSTRIPZZEROS_R2_R
118 LEXTERNAL -
1} VAXSDECIMAL _EXIT,-
120 VAXSDEC IMAL “AcCvio, -
121 VAXSREFLECT_TRAP,~
} ; VAXSROPRAND
} g ; PSECT Declarations:
} 9 LDEFAULT DISPLACEMENT , WORD
0000000 128 .PSECT _VAXSCODE PIC, USR, CON, REL, LCL, SHR, EXE, RD, NOWRT, LONG
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LSUBTITLE VAXSSUBP6 = Subtract Packed (6 Operand Format)

4
: Functional Description:

Input

In 6 operand format, the subtrahend string specified by the subtrahend
lon?th and subtrahend ?ddrnss operands is subtracted from the minuend

string specified by the minuend Llength and minuend address rands.
The Sifgoronco s zing specified by'tho difference Length and d???eronco
address operands is replaced by the result.

Parameters:

RO = sublen.rw Number of digits in subtrahend string

R1 = subaddr.ab Address of subtrahend string

RZ = minlen.rw Number of digits in minuend string

RS = minaddr.ab Address of minuend string

RG = diflen.rw Number of di?its in difference string

RS = difaddr.ab Address of difference string

Output Parameters:

RO = 0
R1 = Address of the b{te containing the most significant digit of
5h. subtrahend string

=
RS = Address of the byte containing the most significant digit of
a sho minuend string
4
RS = Address of the byte containing the most significant digit of
the string containing the difference

Condition Codes:

N <= difference string LSS 0
l <= difference string EQL 0
V <= gocinal overflow
C <=
Register Usage:

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

VAXS$SUBPG: :
PUSHR  #*M<RO,.R1,R2,.R3,.R4&,R5,R6,R7,.R8,R9.R10.R11> : Save the lot
MOVZBL #1,R9 : Indicate that this is subtraction
BRB 106 : Merge with ADDPé code
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+SUBTITLE VAXSADDP6 = Add Packed (6 Operand Format)
Functional Description:
In 6 operand format, the addend 1 string specified by the addend 1

length and addend 1 3ddress operands is sddod to the addend 2 string
ied by the addend 2 Length and addend 2 address operands. The sum

9
9
§ 9
3 speiif
9 string specified by the sum (ength and sum address operands is replaced
3 by the result.
§ 9 Input Parameters:
3 RO - addilen.rw Number of digits in first addend string
0009 R1 = addladdr.ab Address of first addend strin
009 RZ = add2len.rw Number of digits in second addend string
009 RS - add2addr.ab Address of second addend string
009 R4 = sumlen.rw Number of digits in sum string
§883 RS = sumaddr.ab Address of sum string
Output Parameters:

RO =0
R1 = Address of the byte containing the most significant digit of
8h. first addend string

R2 =
Ri Address of the byte containing the most significant digit of
she second addend string

009 RG =

0009 RS = Address of the byte containing the most significant digit of
8883 the string containing the sum

0009 Condition Codes:

N <= sum string LSS 0
I <= sum string EQL 0
g :- 8ecinal overflow

Register Usage:

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

LA TR TR TR A TR PR R L L TR L P T P P P P P P P T T T T T L T TR TR TR TR TR

=11~ o
00000000
00000000
00000000
PORIRIANAIRINININIAINININININININININININININININIAIAINIAININININIAIAIND = b e b e e o e e e e e e e e

WA ANLA AN AN NN NN NININININ) b b e e wd e e b e 2 O O O O O OO0 O OOV VOOV OV OVOOVY

A =2\ N 8N AN =2 O O G0 NN W 8 N = © O 00 NOM N 8 LN = © O 00 O WV S M) = © O 00 O SN LN = OO0 00 ~ION W

QOO
OO P MO OVOOVOOOVOOVOOO

VAXSADDF6: :
OFFF BF PUSHR  #*M<RO,.R1,R2.R3,R4&,R5,R6,R7,R8,R9.R10.R11> : Save the lot
59 D& CLRL  R9 : This is addition
108: ROPRAND _CHECK R4 : Insure that R4 is LEQU 3
S8 DC : MOVPSL R1 ; Get initial PSL
} ; Indicate that the saved R4 must be cleared on the exit path
;LJK00LS 2258 1F E3 §81 . BBCS #ADD_SUB_V_ZERO_R4,R11,25% ; Set bit and join common code
;LJK004S 20 11 002 . BRB 25% ; In case we drop through BB(CS
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LSUBTITLE VAXSSUBP4 - Subtract Packed (4 Operand Format)
Functional Description:

In & operand format, the subtrahend ’trin specified b‘ subtrahend

length and s?b%rahond address operands is subtracted from the difference

string specified b¥ the difference Llength and difference address

operands and the difference string is replaced by the result.

Input Parameters:

O0OO0C

RO = sublen.rw Number of digits in subtrahend string
R1 = subaddr.adb Address of subtrahend decimal string
Ri - diflen.rw Number of di?its in difference string
RS = difaddr.ab Address of difference decimal string

Output Parameters:

RO =0
R1 = Address of the byte containing the most significant digit of
. he subtrahend string
=
R3S = Address of the byte containing the most significant digit of
the string containing the difference

[« X VAV ATV IV IV IV IV ATV Y DV S S S S N A S

oo w
WIN) = OO NS IR = O O NN VS IR = OO

S333338333833388338833338333338

gg Condition Codes:

69 N <= difference string LSS 0

6 l <= difference string EQL 0

68 vV <= gociaal overflow

: -

;1 Register Usage:

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

;g are recorded in R11 as the routine executes.

7

77 VAXSSUBP4: :
OFFF BF 8R Ts PUSHR #*M<RO,R1,R2,R3,R4,R5,R6,R7 ,RB,R9,R10,R11> : Save the lot
59 01 9A 6 7 MOVZIBL #1,R9 : Indicate that this is subtraction

0B 11 0029 280 BRB 20§ : Merge with ADDP4 code
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.SUBTITLE VAXSADDP4 - Add Packed (& Operand format)

Functional Description:
In & operand format, the addend string specified by the addend Llength
and addend address operands is added to the sum string specified by the

sum length and sum address operands and the sum string is replaced by
the result.

4

Input Parameters:

RO - addlen.rw Number of digits in addend string
R1 = addaddr.abd Address of addend decimal string
li = sumlen.rw Number of digits in sum string
RS = sumaddr.abd Address of sum decimal string

Output Parameters:

RO = 0
R1 = Address of the byte containing the most significant digit of
2 the addend string
=
ﬂi = Address of the byte containing the most significant digit of

the string containing the sum
Condition Codes:

S2883338333833388333833333333883388338388338383838838333383333

MMM 00 0oe e FOSSMB®® MM oo o o o 0 o D o o 0 0 0 B o 0 05 05 05 0 tb 05 0 0 &b G 0> 05 B b B &b B

o OO VO OO OO0O0O0

0 N <= sum string LSS 0
1 I <= sum string EQL 0
1 V <= SQciaal overflow
i fN %o
} Register Usage:
1 This routine uses all of the general registers. The condition codes
} are recorded in R11 as the routine executes.
1
;LJIK0045 0266 30 .1 158: B8SBW SNECK_URITE_ACCESS ; Perform rigorous access check
;LJIK004S 38 N . BRB 0s : String can be written after all
sLJK004S
VAXSADDPS: :
OFFF 2' 88 PUSHR  #*M<RO,R1,R2,R3,R4&,RS5,R6,K7 ,R8,R9,R10,R11> ; Save the lot
9 D4 CLRL  R9 ; This is addition
: The output string, described by Ré and RS, will be the same as the input
; string for ADDP& and SUBP4&. It is necessary to explicitly clear R&<31:16>
; along this code path so MOVQ R2,Ré will not always work,
b1 Si 3C 208: MOVIWL R2.R& ; Set output size equal to input size
55 5 00 MOVL R3, RS : ... and ditto for string addresses
8 DC movPsL Rif : Get initial PSL
; Indicate that the saved R4 will be restored on the common exit path
;LJIK004S 00 58 1F ES . BB(C #ADD _SUB_V_ZERO_R4,R11,25% ; C(lear bit and join common code
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: LSUBTITLE ADDPx/SUBPx Common Initialization Code
ALl four routines conver?o at this point and execute common initialization
code until & 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

N S0 80808 08080 BeBeBeBaBaBeBung

‘ ig
40
T
i
2 2; 1 => subtraction
6s R11<31> = Indicates whether this is a &-operand or 6-operand instruction
« 0 => &-operand (restore saved R4 on exit)
§§: g? 1 => 6-operand (set R4 to zero on exit)
) 52
;LJKD04S 06 00 g; FO 882 : .1 25%: INSV #PSLSM_7.,#0,84 ,R11 ; Set l-bit, clear the rest in saved PSW
-1 0069 54 ESTABLISH _MWANDLER - ; Store address of access
882Z gS ARITH_ACCVIO ; violation handler
004C S’ ROPRAND CHECK R?2 ; Insure that R2 is LEQU 31
0054 58 MARK_POTNT ADD_SUB_BSBW 0
FFA9' 30 88;; 23 BSBW DECIMALSSTRTP_ZEROS_RZ_R3 : Strip high order zeros from R2/R3
0057 1 ROPRAND CHECK RO ; Insure that RC is LEQU 3 i
005F i MARK _POINT ADD_SUB_BSBW_0 ‘
FF9E' 30 §§§r 63 BSBW™  DECIMALSSTRIP_ZEROS_RO_R1 ; Strip high order zeros from RO/R1 |
;LJKO04LS .1 ; Perform the access check on the output string for the worst case, a stri
sLJIK004S 006 .i ; Large enough to accommodate il dociggl di itg. A detailed check using th:9
sLJK004S 006 .3 ; correct byte Length of the output string is necessary only if this initial
5{3:882? 882 .g ; probe fails. The more detailed check can be handled out o‘ Line.
:LIK004S 65 10 og 0D 19 PROBEW #0,#16, (RS) ; Can result string be written?
gtjzggzg 3 13 . BeaL 156 : Branch if no write access allowed
’ ég : Rather than totally confuse the already complicated Logic dealing with
69 : different Length strinas in the add or subtract loo?. we will ?u the
67 ; result into an intermediate buffer on the stack. This buffer will be Long
s : enou?h to handle the worst case so that the addition | need onl conc,rn
9 ; itself with the lengths of the two input loops. The required lon?t is 1
0 ; bytes, to handle an addition with a carry out of the most significant byte.
;; : Ve will allocate 20 bytes to maintain whatever alignment the stack has.
;LJK004S . . | 1 308: CLRQ -(SP) ; Set aside space for output string
= 7€ 7€ 74 CLRQ  =(SP) : Worst case string needs 16 bytes
7€ D4 75 CLRL =(SP) : Add slack for a CARRY :
5S¢ 0& 01 EF 76 EXTIV #1084 ,R4,RB ; Get byte count of destination string
76 55 33 c1 144 ADDLS RB,RS5,-(SP) : Save high address end of destination
55 18 AE  9€ 7 MOVAB  24(SPj,RS : Point RS one byte beyond buffer
0 ; The number of minus signs will determine whether the real operation that we
1 ; perform is addition or subtraction. That is, two plus signs or two minus
2 ; signs will both result in addition, while a plus sign and a minus sign will
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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 of a
;s positive uantit{ causes the sign to be remembered as minus and counted as
: @ minus sign while subtraction of a minus quantity stores a plus sign and
: counts nothing.
E On input to this code sequence, R9 distinguished addition from subtraction.
: On output, it contains either 6, 1, or 2, indicating the total number of
; minus signs, real or implied, that we counted.
EXTZIV  #1,44,RO0,R6 ; Get byte count for first input string
ADDL R6,R1 ; Point R1 to byte containing sign
MARK_POINT ADD_SUB_24
BICBZ  #*B111100007(R1Y,R6 : R6 contains the sign ''digit"’
BLBS R9,35% ; Use second CASt if subtraction

; This case statement is used for addition

CASE Rb‘tYPE=B.LlHlT=#10.<- atch onisigcudigit
- 5

: Disp
508, : 10 => sign
408,- : 11 => sign is ''='"
508 .- : 1§ => sign is "'+"
40%,~ : 13 => sign is '"
508,- : 16 => sign is '+
;08.- : 15 => sign is ''+"

; This case statemert is used for subtraction

35%: CASE R6, TYPE=B,LIMIT=#10,<~ Dispatch on sign digit

408, : 10 => treat sign 2s '="
508,- : 11 => treat sign as ''+"’
408,- 3 1§ => treat sign as '-"
508,- : 13 => treat sign as ''¢"’
408 .- : 14 => treat sign as ''='"'
203.- : 15 => treat sign as ''-"
40$: MOVL #1,.R9 ; Count a minus sign
movieL #13.re . The preferred minus sign is 13
BRB 60% : Now check second input sign
508: CLRL RG ; No real minus signs so far
MOVZBL #12.Ré : The preferred minus sign is 12
608 : EXTZV  #1,84,R2,R7 ; Get byte count for second input string
ADDL R7,R3 ;: Point RJ to byte containing sign
MARK_POINT

ADD_SUB_24 : : s
BICBS  #*B111100007 (R3Y,R? ; R7 contains the sign '‘digit"’

(

%
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C 4 CASE R7,TYPE=B,LIMIT=#10,<= ; Dispatch on si n digit
§C b 9 9 $,- : ? p > sign i ﬂ ’
C 4 s $.,- : 11 => sign is e
0C & 9 $.- 3 1; => sign is "'+’
0C 440 . : 13 => gign is ="'
0C 6 80%,- : 16 => sign is '+
Otg L4 80%,- : 15 => sign is "'+
80( L4 >
Obg hhd
59 D06 00D 445 708: INCL RY : Remember that sign was minus
S7 0D 9A 00D7 4& MOVZIBL #13,R7 : The preferred minus sign is 13
03 1" 888? 22 HRE 90% ; Now check second input sign
57 0C 9A 888? 2;5 80$: MOVZIBL #12,R7 : The preferred minus sign is 12
03 59 E9 882F 2%1 908 : BLBC R9,ADD_PACKED ; Even parity indicates addition
ooBy N 88%? 225 Biw SUBTRACT_PACKED ; 0dd parity calls for subtraction
00E5S 455 .DISABLE LOCAL_BLOCK

—— e ————l
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E 2;7 & SUBTITLE ADD_PACKED = Add Two Packed Decimal Strings

E 26§ § Functional Description:

OE 461 : This routine adds two packed decimal strings whose descriptors

3 665 3 are passed as input parameters and places their sum into another
8E 22‘ : (perhaps identical) packed decimal string.

055 465 : At the present time, the result is placed into a 16-byte stora
80E 466 ; area while the sum is being cvaluatgd. This drastically reducege
0ES 467 ; the number of different cases that must be dealt with as each
88%2 268 : pair of bytes in the two input strings is added.
00ES 470 : The signs of the two input strings have already beer dealt with
Q0ES 471 ; so this routine performs addition in all cases, even if the original
Q0ES 472 : entry was at SUBP& or SUBP6. The cases that arrive in this routine
00ES 473 ; are as follows.
00Fs 478 : R2/R3 RO/R1
OOE s ‘76 E L L ) o m o memom o wmw 0----:5:3&: ----- &
00Es 478 : R2/R3 + RO/R1 | L : 1 : L :

H + ' H : '
00E5 479 : f . - j ol e ok :
ooEs ‘go : bremesomoc oo oo e o s e e o oo nsccacccceac e +
88£§ 2 ¥ R2/R3 + RO/R : i : i : i :

[ ' min 1 ' :
O0E3 488 : el Pt T T e
ooss ‘3‘ : decccccosccsacacaw e cnvcomm oo === decmes= +
S0Es  4ng : R2/R3 - RO/R1 | i : 1 : i :

3 - ' n ‘ ' H
00ES 487 : H e H o H o '
ooe s ‘aa .' becnccccccrcccceee o= B e e e e L LR +
00E3 490 R2/R3 - RO/R1 | L 5 i : \ 5
00E5 491 : Pl s i T e :
ooe s ‘9 3 e mcccceme L e b= - +
Q0ES 493 ;
00ES 494 ; Note that the correct choice of sign in all four cases is_the sign
88%2 285 : of the second input string, the one described by R2 and R3.
00ES 497 : Input Parameters:

80!5 498 ;
0E5 499 ; RO<4:0> = Number of digits in first input decimal string
885; 80 : R1 - Address of Least significant digit of first input
OES | decimal string (the byte containing the sign)
ES g ; R§<6:0> = Number of digits in second input decimal string
E5 4 ; R = Address of Least significant digit of second input
Ei 5 ; decimal string (the byte containing the sign)
E 0? : R4<4:0> = Number of digits in output decimal string 4
3] 83 : RS = Address of one byte beyond least si?nificant digit of
ES 't 3 intermediate string stored on the stack
E 11 : R6<g:8> - Sign of first input string in preferred form
OE }i : R7<3:0> - Sign of second input string in preferred form
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0075
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50
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52 36
52 50
50
06
004D
FA 50
52
16
0D 58
56
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RN - Saved PSL (Z-bit is set, other condition codes are clear)
(SP) - Saved RS, address of Least significant digit of ultimate

destination ssring.
4(SP) = Beginning of 20-byte buffer to hold intermediate result

: Output Parameters:

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

ADD_PACKED:
90 MOVB R7.R9 ; Use si?n of second string for output
9 BLBC R9,108 : Check if sign is negative
8 §3 BISB IP§LSH_N.R11 : ««s« SO the saved N-bit can be set
0 MARK_POINT

AN = O OO N0 N S LI = O 000 NOMWN B N = OO 00 ~NIO N

B 8 8 8 5 N NN N N AN N N NN NI NN NINOINININD b b b b d

LIAIWAWWAWIWAWIVAWVIWVIVAWL

i =l=lelelelelelelel]

108:

ADD_SUB_24
BICBS  #*B000011117(R1T R6 ; Get least significant digit to Ré

MARK_POINT ADD_S &
BICBS  #*B000011117(R3Y,R7 ; Get least sianificant digit to R7
CLRL R8 ; Start the add with CARRY otf
BSBW ADD_PACKED_BYTE_R6_R7 ; Add the two lLow order digits

: The following set of instructions computes the number of bytes in the two

: strin?s ard, it necessary, performs a switch so that RO and R1 always
; describe the shorter of the two strings.
EF EXTZIV M ,#4,RO0,RO ; Convert digit count to byte count
EF 545 EXTZV  #,#84,R2,.R2 : Do it for both strings
D1 CMPL RO, R2 ; We want to compare the byte counts
18 BLEQU 20§ : Skip the swap if we're already correct
MOva RO,R6 : Save the longer
Mova R2,RO : Store the shorter on RO and R1
Mova R6.R i .« and store the lon?'r in R2 and R3
208: SUBL RO.R : Make R2 a difference (R2 GEQU 0)

OO OOMNO T > W E O " ID D O 0 M 00O NIMNIM M M D COVAVAWWAWA WAV

) el ) ) i e ) e ) e =B OO OOOTTITTITITITITITITITIAM

4 CYNNN
nNOOO
[eleleleelelelelelelelelelelelalelelalalalelalelelelelelelelelelelealalals]

e mad B i B i ) ) D arD D ) ) el el o ) o) D i) i ) e s

WVIVIWAVAWL AAAWVIWAWAWAIWAWTAIWVAIWVIWVAIVIWVAW

O OONOCO OO OO VYWAWWAWIWAWWWAWNLES 8~ 8 0

QO NO WS LN = O OO NN NS LN = O 0V ~NO

A
3 A 30%:
f D
D § 40$:
1

4
E9 ; 50%:
D& 7

9

: RO now contains the number of bytes rcnainin? in the shorter string.
: R2 contains the difference in bytes between th

e two input strings.

TSTL RO . Does shorter string have any room?
BEQL “0% : Skip loop if no room at all

BSBY ADD_PACKED_BYTE_STRING ; Add the next two bytes together
SOBGTR RO,30% : Check for end of Loop

TSTL Rs ; Does longor strinv have any room?
BEQL 708 ; Skip next loops it all done

BLBC R8.60% ; Life is simple if CARRY clear

CLRL R6 ; Otherwise, CARRY must propogate
MARK_POINT ADD_SUB_24

851

 TETETETETE TR LA LA LN TN T

el aiaiataiaiataiaiaiaiaiaiatalalaiat el el sl el al el el ol ol sl e of of ol ad o ol ol al ot ad el ol af ol ol f ol af ol o of ol ol ot ol af of o
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S7 73 gA 1 S0 add CARRY to single string

9 99 MOVZIBL =(R3),R7 :
2041 g 14¢ ? BSBW _ ADD_PACKED_BYTE_R6_R? : Use the special entry point
F2 52 F 12F 7 SOBGTR RZ2,S50% : Check for this string exhausted
06 11 } i ; BRB 706 ; Join common completion code
134 74 MARK _POINT Ago_sua_zn
75 7% 92 134 75 60%: MOVB =(R3),=(RS) ; Simply move src to dst if no CARRY
FA S F } z ; SOBGTR R2,60% i eee until we're all done
75 S8 90 } e ; 708: MOVB R8.,=(RS) ; Store the final CARRY
130 e
130 ? : At this point, the result has beer computed. That result must be moved to
130 i : its ultimate destination, noting wi ether any nonzero digits are stored
} g 7 ; S0 that the 2-bit will have its cor-ect setting.
} g 5 E Input Parameters:
130 9 ; R9<7:0> =~ Sign of result in preferred form
130 8 ; R11<3:0> = Saved condition codes
} g 93 s R11<31> = [ndicates whether to set saved R4 to zero
§} g gé ; (SP) = Saved R5, high addres: end of destination string
13 593 °
§1 D 594 ADD_SUBTRACT EXIT:
5SS 6E 01 ¢! 013D 95 ADDLS  #1,(5P),RS ; Point RS beyond real destination
51 18 AE 9 0141 3 MOVAB  24(SP),R1 : R1 locates the saved result :
010C 30 0145 9 BSBW sroa; RESULT ; Storc the result and record the Z-bit
1258 02 EO 8}28 3 BB8S #PSLSV_Z,R11,1008 : Step out of Line for minus zero check
14C 600 MARK _POINT ADD_SUB_24
06 00 32 FO }ga 601 80%: INSV RO, #0,#4,3(8P)+ ; The sign can finally be stored
SE 14 CO 0151 60 ADDL #20,SP : Get rid of intermediate buffer
0358 1F E1 015 60 BBC #ADD SUB_V_ZERO_R4 ,R11,908 : Branch if 4-operand opcode
10 AS gk 8150 604 CLRL 16(SP) : Clear saved R4 to return 2ero
FEA2' 3 }gg g S 90%: Bruw VAXSDECIMAL _EXIT : Exit through common code path
8155 6 9 : If the result is negative 2ero, then the N-bit is cleared and the sign
O}gg 283 : is changed to a plus sign.
58 88 8A 0156 610 1008: BICB #PSLSM_N,R11 : Clear the N-bit unconditionall¥
E7 5B 1 88 161 211 BBS ngLSV_V.Ril.BOS : Do not change the sign on overtlow
59 0OC 165 Ii MOVB #12.R9 . Make sure that the s ?n is plus
E2 11 0168 61 BRB (1} 3 i +«. and rejoin the exit code

Ied et ad al ol uf = =k =l =t =

LR LR LR L e e L L L T L T T Y T T

Pttt el et et ad ol sl ol =l =l
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SUBTITLE ADD_PACKED_BYTE = Add Two Bytes (ontaining Decimal Digits

Functional Description:

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

This routine makes no provisions for b;tos that contain illogol
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 Later 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)

Implicit Input:

R? - Scratch
R7? = Scratch

Output Parameters:
R1 = Decreased by one to point to current byte in first input string
R3 - Decreased by one to point to current byte in second input strin
RS = Decreased by one to point to current byte in output string

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

For entry at ADD_PACKED_BYTE_R6_R7:

Input Parameters:

R? - First b‘to containing decimal di?it pair
R7 = Second byte containing decimal digit pair

RS = Address one byte beyond location to store sum
R8 =~ Carry from previous byte (R8 is either 0 or 1)
Output Parameters:




This routine makes two important assumptions.

1. If 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,

G 8
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} : ;i R5 = Decreased by one to point to current byte in output string
16A 76 R8 = Either 0 or 1, reflecting whether this most recent ADD resulted
}6: ;S n a CARRY to the next byte.
} : g;y Side Effects:
}2: 67% R6 and R7 are modified by this routine
16A 681 RO, R2, R4, and R9 (and, of course, R10 and R11) are preserved
}6: 6 i by this routine
16A 2 & ; Assumptions:
g 5
687
688
689
690
691

o

A TETETE PR PR TR TR TR PR FE TR PR PR TR PR PR PR PR PR TR PR R T

g: gg 99 + 99 + 1 = 199 LSS 200
6A 694 2. The result will be checked in some way to determine whether the
g: gg; : result is nonzero so that the Z-bit can have its correct setting.
697 °
633 ADD _PACKED_BYTE_STRING:
00 MARK _POINT ADD_SUB_BSBW_24
56 71 9A 701 MOVZBL ~-(R1),R6 ;: Get byte from first string
7 g MARK_POINT ADD_SUB_BSBW_24
57 73 9A ; 7 MOVZBL ~=(R3),R7 ; Get dyte from second string
705 VAXSADD_PACKED _BYTE R6_R7:: : ASHP also uses this routine

78? ADD_PACRED BYTE_R6_R7:
7 MOUB  "DECIMALSPACKED_TO_BINARY_TABLELR6],-

Ré : Convor; digits to binary
TMLE[R ] ar

56 0000'CF&6 90

[elelolelelelelelalelalelelalelelalealelelelelalealelelelelealelalalalalatle]

o ) ) ) e ) ) ) e e e e D D o D e ) e ) el el e D D D s e e e D

OO0 00 NN NNNNNN~NO-Or OO OO0
~
o
oo

S7 0000°'CF&7 90 709 MOVB DECIMALSPACKED_TOC_BINARY_
710 R7 ; Convert digits to binary
57 56 0 ™m ADDB R6,R7 : Form their sum
57 S8 0 ?1; ADDB R8,R7 : Add CARRY from lLast step
gg 94 4 CLRB R : Assume no CARRY this time
63 BF 91 714 CMPB R7,#99 : Check for CARRY
7 33 715 BLEQU 10§ : Branch if within bounds
58 1 719 MOVB #1,R8 2 Propogato CARRY to next step
57 ~ 64 BF gs 7 suge  #100,R7 : Put R7 into interval 0..99
75 0000°CF&7 713 10%: MOVB DECIMALSBINARY_TO_PACKED_TABLELR7],~-
05 ;%0 ase =(RS) ; Store converted sum byte
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SUBTITLE SUBTRACT_PACKED = Subtract Two Packed Decimal Strings

Functional Description:

v
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This routine tglos two packed decimal strings whose descriptors
are passed as input p,raaeters. subtracts one strins 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

area while the difference is being evaluated. This drastically reduces
th1 number of ? fferent 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 gorforns subtraction in all cases, even if the original
entry was at ADDP& or ADDPS.

Input Parameters:

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

Ll A L L i AN A N NN DN NONONUNY

=2 OO0 N V5~ i) = OO 00 NO NS LN

NN~

~e

76 = Address of Lleast significant digit of first input
:g decimal string (the byte containing the 1ign)

76 R§<4:0> = Number of digits in second input decimal string
T H = Address of Least significant digit of second input
;: decimal string (the byte containing the sign)

7 ? =g<6:0> = Number of digits in output decimal string

D e ) e D el D D ) ) D ) D el el el el ) ) e il ) ) ) e D e D el e e

<%0 0 0 00 0 0 O VOV O OV VOV VOV VOOV OVOVOVOVOVOVOOOVOOO

02 0o 0D 0o 0D 0o 0P Cd Co 0D OF 0D GB Cd Gd OB GO Gd GD G 0O GO GO Cd 0B 0D GO GO D OO CD

= Address of one b{to beyond least significant digit of
intermediate string stored on the stack

R9<g:8> Sign of first input string in preferred form
R7<3:0> = Sign of second input string in preferred form

R1 = Scved PSL (Z-bit is set, other condition codes are clear)

(SP) = Saved RS, address of least significant digit of ultimate
destination ssring.
4(SP) = Beginning of 20-byte buffer to hold intermediate result

Output Parameters:

Th* particular input opora$€on (ADDPx or SUBPx) is cong eted in
this routine. See the rout n’ headers for the four routines that
request addition or subtraction for a List of output parameters
from this routine.

Lo Yo No No JVAVAVAVAVAVIVIVAVIV S
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Algorithm for Choice of Sign:

The ihoico of sign for the output string is not nearly so

stra ghtforu’rd as it is in the case of addition. One ngproach that is
often taken is to Ilk’ 8 reasonable guess at the sign ? the result.

I1f the final subtraction causes a BORROW, then the choice ua? incorrect.
The t gn :ust be changed and the result must be replaced by its tens
complement.
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This routine does not ss. Instead, it chooses th’ fnput string of
the *orgor sbsolute magn ‘udo as the minuend for this internal
routine and chooses its sign as th’ sign of the result.

his algorithm is actually more efficient than the reasonable
guess method and is groba ly better than a s$s method that is never
wrong. ALl colt ete Dytes that are processed in the sign evaluation
pr;groco sing loop are eliminated from consideration in the
subtraction (oop, which has a higher cost per byte.

The actual algorithm is as follows. (Note that both input strings have
alroad¥ had l’a?ing zeros stripped so their lengths reflect
significant digits.)

1. 1f the two strings have unequal longths. then choose the sign of
the string that has the longer Length.

2. For str‘n?s of equal Length, choose the s&an of the string whose
most significant byte is Larger in magnitude.
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3. If the most siguifigont bytes test cauol. then decrease the

0000000000000 OOOOOOOO

§$
1 93 lengths of each string by one byte, ros the previous most
} 0? significant bytes, and go back to step 2.
1 § 4. If the two strings test equal, i: is not necessary to do any
} 7 subtraction. The result is identically zero.
1 S Note that the key to this routine's efficiency is that hish order
1 ? b‘tos that test equal in this loof are dropped from consideration in
} §3 the more complicated subtraction loop.
1
§1 10 SUBTRACT_PACKED:
S0 04 ga 1 }9( 1 EXTZVv  #1,#4,RO0,R0 ; Convert digit count to byte count
52 04 21 EF }2? 812 EXTZV M ,#4,R2,R2 : Do it for both strings
52 Sg P1 01A 13 CMPL RO,R2 : We want to compare the b{to counts
3C 1F 01A 14 BLSSU  40% : RO/R] represent the smaller string
2A 1A }:9 }S BGTRU 308 : R2/R3 represent the smaller string
1A9 1? . The two input strin?s have an equal number of bytes. Compare magnitudes to
1A9 18 . determine which string is really larger. If the two strings test equal, then
}:g 10 : skip the entire subtraction loop.
58 51 S0 cg 1A9 1 SUBL RO,R1,R8 . Point R8 to Low address end of RO/R1
59 53 Ss C 1AD ; SUBL R2.R3.R9 ; Point RY to Low address end of R2/R3
5 Dg 181 TSTL R ; See if both strings have zero b{tcs
-9 }g g BEQL 20% : Still need to check Low order digit
18 9 MARK _POINT ADD_SUB_24
89 gs 91 018 108: CHPB (R8)+,(R9)+ ;: Compare most significant bytes
1F 018 g 8LSSU  40% 3 R§7g} represent the smaller string
17 1A 01BA BGTRU  30% : R2/R3 represent the snallor string
zs D7 018C ? DECL K : Keep Ri n step with R
Fé FS }%§ SOBGTR RO,10% i <.« Which gets decremented here
101 i : At this point, we have reduced both input strings to single bytes that
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Decimal Arithmetic Instr B<JAN-1985 17:27:01 VAX/VMS Macro V04=00 P
S*Eubtract Two Packed e S-3er-19%2 s0idl:dd -

-

208: B1CB3 0‘0000011117(857 R8 ; Look only at digit, ignoring sign

R6 and R7 as scratch Leaves R7< in an UNPREDICTABLE state.
308: MOVB R6.R9 : Load preferred sign into R9
MOva RO.R6 : Save the longer
MOva R2.R0O : Store the shorter on RO ana R1
Mova R?.IZ i «.. and store the 5on?or in R2 and R3
CLRL ] ; Insure that R7<31:8> is zero
BRB 508 ; Continue along common code path
The string described by P2 and R3 has the larger magnitude. Choose its sign.
408: move R7.R9 : Load preferred sign into R9
508: SUBL RO,.R : Make R2 a difference (R2 GEQU 0)
BLBC R9,60% : Check if sign is negative
8isSB leLtl-l.ll! : «.. SO the saved N-bit can be set

UB_24
608 : BICBS  #*B000011117(R1T R6 ; Get least significant digit to Ré

BEQL : Skip loop if no ronm at all
708: 858V 580 PACKED_BYTE_STRING ; Subtract the next two bytes
SOBGTR RO,70% : Check for end of loop
$: TSTL l; ; Does one of the trin?s have more?
BEQL 1108 ; Skip next loops if all done
$: 8LBC R8.100% ; Life is simple if BORROW clear

19
EMULAT .BUGSRCIVAXARITH.MAR; 1 )

ontain a sign "'digit" and may contain a digit in the high order nibble
f the original digit counts were nonzero.

MARK _POINT ADD_S'.C_2¢4

MARK _POINT AD?_S 4

B1CB3 0‘00800111 ; (R9Y,R9 Get the digit from the other string
CMPB R8.R Compare these digits
BLSSU  40$ Rg/ i represent the smaller string
BGTRU 308 i lli represent the smaller string

The two s}rings have identical magnitudes. Enter the snd processing code
with the intermediate result unchanged (that is, zero).

BRW ADD_SUBTRACT_EXIT : Join the common completion code
The string described by RO and R1 has the lar?cr magnitude. Choose its sign.

Then swap the two string descriptors so that the main subtraction lLoops
always h,vo R2 and R3 doscribing1tg: Larger strin?ETNotQ that the use of

MARK _POINT ADD_S

MARK_POINT ADD_S 4

BICBS  #°B0000° 1117 (R3Y,R7 ; Get least significant digit to R?7
CLRL R8 : Start subtracting with ROW of f
BSBW SUB_PACKED_BYTE_R6_R7 ; Subtract the two low order digits

Rg contains the number of b{tcs remaining in the smaller string
RZ contains the difference in bytes between the two input strings

TSTL 38‘ : Does smaller string have any room?
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kK 8
ked Decimal Arithmetic Instr B-JAN-1985 17:27:01 vVAX/ Macro Y04-00 [
KED = Subtract Two Packed De -SEP-!:Sﬁ 30:i6:84 EHU{=§..UzSIC!VAIAIIVN.HAI:1.0' (;8)
§§ akgk '0!3 ADO_ SUB. 24 ; Otherwise, BORROW must propogate
MOVIBL =~(R3) R? =  ~ ; So subtract ROW from single string

) R
8sew PlCIED.S"is.Io_l7 : Use the special entr nt
SOBGTR :2‘20& ' : Chxck !or’ghis str n‘ g:houotod
8RB 116 ; Join common completion code

98 MARK _POINT A?D_SUO.?&
1008: MmOVB =(R3),=(RS) : Simply move $rc to dst if no BORROW
SOBGTR R2,1008 P v.. until we're all done

sececceeee BEGIN TEMP teeeceneer

sss THE FOLLOWING HALT INSTRUCTION SHOULD BE REPLACED WITH THE CORRECY
ABORT CODE.

1§ ;33 THE WALT IS SIMILAR TO THE
3] i MICROCODE CANNOT GET MERE
3}2 ::: ERRORS THAT OTHER IMPLEMENTATIONS USE.
915 °°° tstl r8 : If BORROW is set here, we blew it
919 beql 120% : Branch out if 0K
91 halt ; This will cause an OPCDEC exception
g}g 1208:
9§o EEE sesevnnseee END TEMP tevcccnneen
921
922 BRW ADD_SUBTRACT _EXIT ; Join common completion code

s
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L 8
Decimal Arithmetic Instr B-JAN-1985 17:27:01 VAX/VAS Macro Y0&=00 P 1
SUB_PACKED. 8 382 00:44: % we &

= Subtract Two Bytes Con 5-SEP-1984 00: EMULAT .BUGSRCIVAXARITH.MAR; 1
+SUBTITLE SUB_PACKED_BYTE = Subtract Two Bytes (Containing Decimal Digi
Functional Description:

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

-
— R

L

Thi’ routine makes no proyisions for b‘tos 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 di'its can either
exist in packed decimal strings Located by R1 and R3 or they can

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

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

For entry at SUB_PACKED_BYTE_STRING:
Input Parameters:

WIND = OOV NO NI = OOV®~NoOrWS mMa

£
~

R1 = Address one byte beyond byte containing subtrahend
R3 = Address one byte beyond byte containing minuend
RS = Address one byte beyond Location to store difference

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

ng - Scratch
R7 = Scratch

Output Paraseters:

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

R3 - Decreased by one to point to current byte
in minuend string

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

A S N =2 © O G NN NS N = OO 00 NO N

3T ENNNNIN NN I I I I

3258

TR P TR PR P PR PR PR PR P PR PR P P P PR R L L L L L L e T R T R R aE E I T T T T T T T """

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

For entry at SUB_PACKED_BYTE_R6_R7:
Input Parameters:

2

R6<7:0> - "Eo containing decima. digit pair for subtrahend

=9<;163> t taining decimal digit ir f inuend
<f:0> = e containin ec1mad 191 ar or minue
R7<31:8> - H‘l . e

[elelelelelelelelelelelelelelel alelel el it elelelelelelelelelelelalel]

VOO OOV OOOOO
O NNNNNNNNY

OV NO NS LW = O
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56 4|
57 73
56 0000°CF&é6
S7 0000°'CF&7
7 %
37 38
26
i
57 64 sr
58 1
75 0000°'CF&?

- VAX=11 Packe
SUB_PACKED_BYT

SSIISRCRITIIW}

LA LR LR TR DR PR P PR P P PR TR PN N T N P e e T R TR IR R R I

O0O00000O000O0O0O0O00O00O0O0O0O00O0O0O0O0O0O0O0OO0O0OOOOOOOOOOOOOOO0

1
1
1
1
1
1
1
1
1
1
1010
1011
101;
101
8 1014
R
101
k) 1013
101
ok 1020
E 1021
E ' i
90 E 1
1024
90 & 1025
A 1 ?
i
1 6§ 1 g
94 0242 1030
n 46 1031
it 1
% i i
4D 1035
90 & 1 9
53 1

Decimal Arit
= Subtract 1

Outp

Side Effec

by t
Assumption

1.

2.

SUB_PACKED_B

MARK POINT
MOVZBL
MARK POINT
mOVZBL

SUB_PACKED B
- movs

mOove

SuBs
SuBs
BLSS
CLRB
BRB

ADDB
MOVB

KOvB

108:

n 8
hmetic Instr

-JAN-IO‘S
wo Bytes Con &

-SEP-19

17:27:01 VAX/VA
00:%‘:?4 ! 1.80658

04-00

R8 - BORROW from sustroction of previous byte

(R8 is either
ut Parameters:

or 1)

RS = Decreased by one to point to current byte

in di¢ference string

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

subtraction resulted in 3 BORROW from the next byte.

ts:

his routine
S:

If both of the input bytes contain only legal decimal digits, then

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

This routine makes two im: rtant assumptions.

it is only necessary to aidd 100 at most once to put all

possible differences in tne range 0..99.

0-99-1=-100

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.

YTE_STRING:
ADD_SUB_BSBW_24

=(R1) ,R6
ADD_SUB_BSBW_24

=(R3) ,R7

YTE_R6_R7:
octlnALs::cho_to_aluAav

oecxnaut:;cxeo,to_axunav
A7

10§

30

#100,R7
#,ré

DECIMALSBINARY _TO_PACKED
- (RS)

That is,

Get byte from first string
Get byte from second string

_TABLECR6] -

3

Conv r; digits to binary
ABLE(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

; Put R7 into interval 0..99
. Propogate BORROW to next step

_TABLE[R7],-

Store converted sum byte

P

EMULAT .BUGSRCIVAXARITH.MAR; 1
R5 = Address one byte beyond location to store difference

o e o

it

VA
v0
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05 0253 1038 RSB

!7:27:?1 VAX/VMS Macro V04-00 Page 23
00:44:34 ([EMULAT.BUGSRCIVAXARITH.MAR;1 «(an
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VAXSDECIMAL _ARITHMETIC = VAX=11 Packed Decimsl Arithmetic Instr B~JAN=1985 17:27:01 VAX/VMS Macro V04=00 Pa b
vo«-OSI STORE_RESULT = Store Decimal String g-SEP-IggL 60:%4:86 EMULAT .BUGSRCIVAXARITH.MAR; 1 - (¥2)

4 = SUBTITLE STORE_RESULT = Store Decimal String

Functional Description:

This routine takes 1 gackod docina} string that t{pically contains
the result ?f 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

di?its) 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 ?f 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

OCO0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O00O |

RN - Contains saved condition codes
Implicit Input:

The input string must be at least 17 b¥tes long to contain a potential
carry out of the highest digit when do na an 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.

NI NIAINININININININININI NN NININONNINOIRNORININININININON)

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

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

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

LA LA LR LR LR R LA LR L A I P T T T P P P P PR TR TR PR PR PR PR PR PR PR P P P P P TS PR T T TR

STORE_RESULT:
IN

SOOOGO VIV WA WAWAVAWAAAIAIA A IA W VA A A A A A VAA A AR UAAUA A WA VWAV
WOWVWNNODOOD POl rssrlrrrrsrsrrsrsrrrrsrrasrsrsrresrssss

5¢ D6 CL R& . Want number of '‘complete’’ bytes in
S& FF ga 78 ASHL #-1,R4,RO ; output string
8 13 BEQL 308 ; Skip first Loop if rone
MARK_POINT ADD_SUB_BSBW_24
7% N 9? 108: MOVB =(R1),-(RS) ; Move the next complete byte
35 ) BEQL 208 : Check whether to clear Z-bit
58 & BA BICB #PSLSM_Z ,R11 : Clear Z-bit if nonzero
FS 50 FS 208: SOBGTR RO,10% ; Keep going?
10 5¢ E9 308: BLBC R&,508 ; Was original R4 odd? Branch if yes

[P S N o g e Y. Y — el il ld ) i -l il ) ) ) =l il il - D D D il D B D D D D D el D ) il il ol -l il ol -l il el el il il ) -l — w— —

[t ==l =l il lelelelelelclclclesleclelelalelelelelelala]

AONLNLNLRNLNININLRLRLNINLNININL NN NV NINIRL NI NI RN NI NN

MARK_POINT® ADD_SUB_BSBW_24
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= VAX=11 Packed Decimal Arithmetic Instr g-JAN-19 5 17: 7:81 AX/VMS Macro Y04-00 Page is
STORE_RESULT = Store Decimal String =SEP=1984 00:44:34 [EMULAT.BUGSRCIVAXARITH.MAR;1 (i2)
88 ;? 1096 BICB3 #*B11110000,-(R1),=(RS) ; If R4 was even, store half a byte
13 1097 BEQL 408 ; Need to check for zero here, too
8A 72 1 98 BICB #PSLSM_Z R11 ; Clear Z=bit if nonzero
75 109 MARK _POINT ADD_SUB_BSBW_24
93 75 1100 40%: BITB #*8111100003 (R17 3 1t high order nibble is nonzero,
1 ;g }} 1 BNEQ 708 ; e« then overflow has occurred
7 N i : The entire destination has been stored. We must now check whether any of
78 1104 ; the remainin ingut string is nonzero and set the V-bit if nonzero is
0278 1105 ; detected. Note that at least one byte of the output string has been examined
8 ;g }} 9 : in all cases already. This makes the next byte count calculation correct.
D7 8 78 1108 50%: cCL R ; Restore R4 to its original self
EF ' 7? 1109 EXTZV  #1,#4,R4,R0 ; Extract a byte count
83 0 ;E }}}? SUBB3 RO,#16.R0 ; Loop count is 16 minus byte count
8 6 1115 : Note that the Loop count can never be zero because we are testing a 17-byte
8 gg }}}‘ : string and the Largest output string can be 16 bytes long.
8 36 1115 MARK _POINT ADD_SUB_BSBW_24
95 6 1116 608: TSTB -(R1) : Check next byte for nonzero
12 0288 1117 BNEQ 708 : Nonzero means overflow has occurred
f 8 Bs }}}g SOBGTR RO,60% ; Check for end of this lLoop
05 8 §2 }} ? RSB ; This is return path for no overflow
88 OSGE 1 % 708: BISB #PSLSM_V. R1 ; Indicate that overflow has occurred
05 0291 M RSB : ... and return to the caller

vl
w(
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V04008 -

:LJK004
:LJK004
:LJK004
:LJK004
s LJK004
;LJK004
:LJX004
:LJK004
:LJK004

- VAX=11 Pac
= CHECK_WRIT

>0

NO O O 0 0 0 O 0 O 0 O OO VOOV VOOV OO O OOVOOO

rrdmielelelelelelelclelelclelelel=l]

PINIAININININININININD
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D 9
cimal Arithmetic Instr 8-JAN=1985 17:27:01 VAX/VMS Macro V04=00 P
S = Check Hritab lity g-SEP-19g£ 00:%6:?4 EMULAT.BUGSRC VA!ARITH.HAR:l‘g' (;g)

«SUBTITLE = CHECK_WRITE_ACCESS = Check Writability of Decimal String

Functional Description:

The ADDP4 and SUBP4 instructions are unique in that they are the only
two instructions that read and write the same packed decimal string.
They are, in fact, implemented as ADDP6 and SUBP6 where the second
input string, ADDend2 or MINuend, and the result string, SUM or
DIFference, are the same. But ADDP6 and SUBP6, as well as all other
Blcked decimal instructions except ADDP4 and §UBP$. produce
NPREDICTABLE results when an output string overlaps any input string.
With thi1 interpretation, ADDP4 and SUBP4 are the only packed decima
instructions that permit ovorlogging packed decimal strings. (Note
that the result string, SUM or DIF ference, may not overlap the first
input string, ADDend or SUBtrahend.)

The implementation of ADDP4 and SUBP4, interpreted as ADDP6 and SUBP6
with ovorlafping strings, needs to protect itself from modifying
memory until the entire instruction can execute to completion.
Otherwise, the instruction will be restarted with a different initial
state than it first had. This is accomplished by ?robing the result
string for write access before execution begins. This routine receives
control if that PROBEW fails.

In the interest of simplicity, the PROBEW that is executed always uses

16 as the byte count of the result string. This routine can then be

called not only when the output string is inaccessible but also when
The output string is shorter than 16 bytes.

The address of the output string is within 16 bytes of the
end cf the page.

The page containing the string is writable.
The next page is not writable.

This routine distinguishes inaccessible strings from this rare case of
a PROBEW failure.

In other words, this routine checks the write accessibility of packed
decimal strings. If the entire string is writable, control is passed
back to the caller where emulation continues. If the string is not
writable, an access violation is generated.

Parameters:

R4 - Digit count of result string )
RS - Address of most significant digit in result string

Output Parameters:

None

Implicit Ouptut:

If the string with its correct byte count is writable, control
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:tj: 9 .gs : is returned to the caller.
:LIK g .60 : If the gtring with its correct digit co?nt is not writable, then the
sLJK 9 .61 ; string is accessed to force an access violation to occur. fhis will
:LJK004 9 .62 ; cause control to be transferred eventually to the access xiolation
s LIK004 8 .63 ; handler at the end of this module that will back out the instruction
:Ljiggt 3 .gg 3 so that it can be restarted.
:tj=882 g :gs : Assumption:
:tJK004 9 .68 : This routine assumes that the check for 1lloaa§ digit count has
:LJ=882 g .?8 : already been made so that R4’ is between 0 and 31 inclusive.
L) . 3
:tj: 8 g .;1 : Noze
:LJKOO4 9 :7§ ; It is necessary to actually touch the inaccessible page so that the
:LJK004 9 g6 ; correct reason mask is generated. Logic that uses the PROBEW
s LJK004S 9 o5 instruction can determine the inaccessible virtual address but is
s LJKO0LS 9 .79 3 unable to distinguish, for example, between Length violations and page
.LJKOOAZ 8 5 NS protection violations.
e i
:LJK004 9¢ .80 CHECK_WRITE ACCESS:
:LJK004S 54 DO ] 81 PUSAL R4 : Save the di?it count
s LJKO0LS 5¢ 04 1 EF 83 .82 EXTZV  #1,#4,R4,R4 ; Convert digits to bytes
3 4 99 .83 NC R4 ; Count the byte that contains the sign
:tj:882§ 65 54 30 86 0298 .§6 AROEEH #0,R4, (RS) ; Check urita‘ility of the strin? v
:LJK004S 04 1g 029F .85 BEQL 10§ : Branch if strinz cannot be written
:LJK00LS S¢ Bt 00 8 Al .g? MOVL (SP)+ R4 ; Restore saved R
:szggtg 05 2 :g g 14 RSB : Return to caller. String is OK
:tj=8825 8 :g :;3 : The first and lLast bytes of the string are touched (written) with an
:LJ=8825 8 :g 231 ; ADDB2  #0,xxx
:th00£S 02AS :9§ : instruction. This instruction causes the correct access violation reason
:LJKO04S 02A5 .94 ; mask to be generated but does not nodif‘ the contents of locations that are
:LJKO04LS 02A5 .95 ; accessible. Note that at least one of the following two ADDB2 instructions
LJK004LS 8 AS .99 ; 1s guaranteed to generate an access violation, transferrin? control in a
:LJ‘006§ :g .3 ; rather complicated way to the ADD_SUB_BSBW_& access violation handler.
sLJK .
:thOOGS AS .93 MARK _POINT ADD_SUB_BSBW_&
;LJK 65 00 80 AS .1 ? 108: ADDBZ2  #0,(RS) : Touch the first byte
:Lax332§ A§ .1 MARK_POINT ADg_SUB_BSBU_k
:LJ:OOGS 6544 00 80 :C .} § ADDBZ  #0,(RS)CR4 ; Touch the last byte
5&3:3322 AC  .104& ; We should never reach here unless the PROBE instruction is broken. We
:LJKO04S AC .105 ; will Leave this code Rath in for now but remove it at the same time we
.LJlggzg AC .1 ? : change the other two HALT instructions in this module into software
sLJK AC .} : generated machine checks exceptions.
ftj:oo‘g ag :} g ”: ceteeeneee BEGIN TEMP tentesenne
It3§ 2 AC .111 ::: THE FOLLOWING MALT INSTRUCTION SHOULD BE REPLACED WITH THE CORRECT
.LJK%% :E ”; 333 ABORT CODE.
JLJK . eos
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= CHECK_WRITE_ACCESS = Check Writability 5-SEP=1984 00:44:34 [EMULAT.BUSSRCIVAXARITH.MAR; 1
;LJK004S 00 02AC .114 halt ; This will cause an OPCDEC exception
;LJK004S OSAD J15 55
:LJKO04LS 02AD .116 ;;: wevnnveneee END TEMP teeccvennee




intermediate results in a convenient form. Specifically, each digit
pair of the lonaor input 3tring is stored in binary in a Longword on
he stack. In addition, 32 longwords are set aside to hold the produat
nao;gedioto result. Each longword contains a binary number between
an "

After the multiplication is complete, Each longword is removed from
the stack, converted to a packed dec na% pair, and stored in the
ng on the stack after the
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vOﬁ-Oal VAXSMULP = Multiply Packed !-SEP-!ggb 30:%&:2& !EHULAT.OUGSQc VAxgglfu.nAR:1.g. (32»
:g }} S - LSUBTITLE VAXSMULP = Multiply Packed
:g }} 3 § Functional Description:
AD 1199 : The multiplicand string specified by the multiplicand Length and
AD 1130 ; nultig}scond address o'oragds is nu{tipﬁio by tgo -ultipliog string
AD 1131 ; specified by the multiplier length and multiplier address operands. The
AD N g 3 product ’tring specified by the product Length and product address
:g }} ? : operands is replaced by the result.
:g }} ; 3 Input Parameters:
AD 1137 : RO = mulrlen.rw Number of digits in multiplier strin
AD N 3 : R1 = mulraddr.ab Address of nzltiplior str?n? .
AD 1139 ; R; = muldlen.rw Number of digits in multiplicand string
AD 1140 ; RS = muldaddr.ab Address of multiplicand strin
AD 1141 ; R4 - prodlen.rw Number of digits in product sgring
:g }%2; : RS = prodaddr.ab Address of product string
AD 1144 : Output Parameters:
B w.
: =
AD 1147 ; R1 = Address of the byte containing the most significant digit of
0 :g }}23 : . Bh. multiplier sgring ’ ’ woe s
: H
AD 1150 ; RS = Address of the byte containing the most significant digit of
:g }}§1 : sho multipl cand,string ’ v ’
: -
AD 1155 3 RS = Address of the byte containina the most significant digit of
23 }}2; 3 the string containing the product
§ :g }}sg § Condition Codes:
AD 1123 : N <= product string LSS 0
AD 1159 ; I <= product string EQL 0
AD 1160 ; V <= decimal overflow
s fitl] b
:g }}gi : Register Usage:
AD 1165 : This routine uses all of the general registers. The condition codes
AD 1169 3 are computed at the end of the instruction as the final result is
AD 1167 ; stored in the product string. R11 is used to record the condition
:g }}63 3 codes.
:g }}?? : Notes:
AD }};i E 1. This routine uses a Large amount of stack space to a'low storage of
1174 :
1 :
1" :
1" :
1178 ;
1 :
1 :
1" :

output string. Any nonzero cells remain

-

-
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23

" i : output string has been completely filled are the indication of decimal
}} 2 : overflow.
1185 ; The purpose of this method of storage is to avoid decimal/binary or
1)) 9 : cvonpbyggllongword conversions durigg the calculation of intornzdiatc
}} : results.
1" 3 : 2. Trailing zeros ?re removed from the larger str!ng. ALl zeros in
1190 ; the shorter string are eliminated in the sense that no arithmetic
1191 ; is performed. The output array pointer is simply advanced to point
}}i; : to the next higher array element.
1194 °
1195 VAXSMULP::
OFFF 8F BB }}39 PUSHR  #*M<RO,R1,R2,R3,.R4,R5,R6,R7 ,R8,R9,R10,R11> ; Save the lot
1133 ESTABLISH_MANDLER - ; Store address of access
}1 ARITH_ACCVIO ; violation handler
g } g? ROPRAND _CHECK R4 ; Insure that R4 is LEQU 31
€1 1 i ROPRAND CHECK R2 ; Insure that R2 is LEQU 3
€9 1204 MARK _POTNT MULP_BSBW_0
FD34' 30 Eg } 5 BSBW~  DECIMALSSTRIP_ZERDS_R2_R3 : Strip high order zeros from R2/R3
C 1 9 ROPRAND _CHECK RO ; Insure that RO is LEQU 31
pé 1 8 MARK _POINT MULP_BSBW 0
FD29*' 30 g; } go BSBW™  DECIMALSSTRIP_ZERDS_RO_R1 ; Strip high order zeros from RO/R1
50 04 ga EF g‘ 121 EXTZV  #,#6,RO,RO ; Convert digit count to byte count
0 D06 gg }g}g INCL RO ; Include least significant digit
52 04 g! EF g 1214 EXTZV M ,#6,R2,R2 ; Convert digit count to byte count
5 D6 E } }S INCL R2 ; Include least significant digit
52 50 N0 £S5 1 19 CMPL RO,R2 ; See which string is lLarger
g 1) E8 1 13 BGTRU 3% : ailn describes the lon?cr string
58 70 EA 121 MOva R2.R8 : R8B and RY describe the longer stri:a
[{ 3 70 ED 1220 Mova RO,=(SP) ; Shorter string descriptor also sav
06 N ; } 1 BRB 6%
;8 gg 1) Fe 1 ; 3s Mova RO,R8 : R8 and RY describe the longer stri
E 70 ; } g MOva R2,-(SP) . Shorter string descriptor also sav
; } 9 ; Create space for the output array on the stack (32 longwords of zeros)
50 08 00 ;. } 6$: MOVL #8,R0 ; Eight pairs of quadwords
7E  7C FB 1 108: CLRQ -(SP) ; Clear one pair
?5 7 FD 1 CLRQ =-(SP) i ««« and another
F9 5 B FF } ; SOBGTR RO,10% : Do all eight pairs
57 SE 00 gz } g MOVL SP,R7 ; Store beginning of output array in R7
1236 ; The longer input array will be stored on the stack as an array of
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] : longwords, Each array element iontains number between 0 and 99
1 3 roprosontlng 8 pair o‘ digits in th’ or gina poihcd decimal string.
1 3 ?0¢’USO the units dig is stored with the sign in packed dec loln’or-ot.
12640 ; 1t ? nosossary to shift the number as we store it. This is accomplished by
} 2 : multiplying the number by ten.
1043 ; The longer array is described by R8 (byte t) and R9 (add t
} 2; : sign%figlnt dig!t Da?r). u e I _—
55 8 9 O 124 ADDLS R9.RB.RS : Point RS beyond si digit
4 8 00 g } 29 MOVL R8,R4 : R& contoins’tho logz coant
.. 68 : An arrar of longwords is allocated on the stack. R3 starts out pointing
2 ? : at the longword beyond the top of the stack. The first remainder, guaranteed
C 1 : to be 2ero, is ''stored'’ here. The rest of the digit pairs are stored safely
E } 5 ; below the top of the stack.
53 Sg CE 8( 1254 MNEGL RS RE ; Stack grows toward lower addresses
£ G6EL3 D OF 1255 MOVAL  (SP) RS;.SP : Alloca s the space
53 SE 06 C }; } g; SUBL #4,S5P,R ; Point RS at next lower longword
S1 75 9A }; } 33 208 :35§sf°‘"1ns) R1"ULP'Ra Get digit pai
: - ; Get ne air
51 0000°CF41 9A O031A 1260 MOVZBL oecxniLspAcxeo_ro_axuaav,tAaLEtn?i.- i
8 1261 il ; Convert digits to binary
¢ $ gs 78 ? 1262 EMUL #10,R1,R2,R0 : Multiply by 10
agooogget ga 78 g 1263 EDIV #100,R0,R2,(R3)+ ; Divide by 100
E6 5¢ FS E } gg SOBGTR R&,20%
63 52 0O 1 126 MOVL R2.,(R3) ; Store final quotient
59 Ss 00 & 126 MOVL SP,.R9 : Remember array address in R9
6EL8  DF z } og PUSHAL (SP)[R8) ; Store start of fixed size area
A 1 90 ; Check for trailing zeros in the input array stored on the stack. If any are
: } 1 ; present, they are removed and the product array is adjusted accordingly.
89 DS A 1273 308: TSTL (R9)+ : Is next number zero?
08 1 C 1276 BNEQ 40$ ; Leave loop if nonzero
57 gk C E 1275 ADDL #4 ,R7 : Advance output pointer to next element
F6 58 F :‘ } ;9 SOBGTR R8,30% : Keep going
44 1278 ; If we drop through the lo then the entire input array is zero. There is
bé 1 78 : no need tg per?ggl an{ ar?gﬁuotgc because the pggduct u!ll be zero (and the
&4 1 ? : output array on the stack starts out as zero). The only remaining work is
62 } ; to store the result in the output string and set the condition codes.
2t N &4 } 2 BRE 708 ; Exit to end processing
§ 1285 ; Now multiply the input array by each successive digit pair. In order to
1 ; allow R10 to continue to locate ARITH _ACCVIO while we execute this loop, it
1 3 nfcesaary to perform a zaall amount of register juggling, In essence,
} g 3 and R9 switch the identity of the string that they escribe.
9 4 2 1 40$: SUBL #,R9 ; Readjust input arra inter
;E 8 sb 129 MovaQ R8,-(SP) 3 Savo’n /R9 sgscriptergn stack
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58 A 0 4C 1 MOVL 8(SP) ,R8 ; Point R8 at start of 32-longword arra
58 2383 gi 98 1 gi mova <§§'A>(l8).nl : Ge dossr’ptor that follows that arra;
C } gg ADDL2 R8.R9 : Point RY beyond sign byte
53 87 DE 1 99 508: MOVAL  (R7)+,R3 ; Output array address to R3
B 129 MARK POINT MULP_AT_SP
S1 79 9A 8 1 93 MOVZIBL =(R9),R1 ; Next di!it pair to R1
56 0000'CF41 9A ei 19 MOVIBL DECIMALSPACKED_TO_BINARY TABLECR1],-
1 8? R6 ; Convert digits to binary
06 13 66 1 BEQL 60% ; Skip the work if zero
5S¢ 6 7D 68 1 i Mova (SP) ,Ré& : Input array descriptor to R&/RS
8124 32 69 1 BSBW E!YEND_STI!NG_HULTIPLV ; Do the wor
E9 58 ¥ 2$ } g 60$: SOBGTR RS8,50% : Any more multiplier digits?
S 08 (O ?F } 89 ADDL #8,5P : Discard saved long string descriptor
SE 6 00 ; } §8 708: MOVL (SP),SP ; Remove input array from stack
75 1 1? : At this point, the product string is located in a 32-longword array on
75 1311 ; the top of the stack. Each Longword corresponds to a pair of digits in
75 1 1§ : the output string. As digits are removed from the stack, they are checked
75 1313 ; for nonzero to obtain the correct setting of the Z-bit. After the output
75 1314 ; string has been filled, the remainder of the product string is removed from
; } }S : the stack. If a nonzero result is detected at this stage, the V-bit is set.
59 20 90 75 1 19 MOVL #32,.R9 ; Set up arrgs counter
S¢ 0098 CE 7p 0378 1 13 MOVE < <$2¢4> ¢+ - ; Skip over 32-longword array
§7D 13 Qvl> ¢+ - ; and saved string descriptor
0370 1320 <4*4> >(SP) R4 ; to retrieve original R4 and RS
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;g § .SUBTITLE Common Exit Path for VAXSMULP and VAXSDIVP
70 g tho code for VAXSMULP and VAXSDIVP merges at this goint. The rosult is stored
7 : in an nrro of longwords at the to of the stack. The size of this array is
;g 9 : stored in . The original Ré and S heve been retrieved from the stack.
;g i Input Parameters:
70 : R¢ = (ontains byte count of destination string in R& <1:4>
70 : !3 = Address of most significant digit of destination string
;g ; : 19 = Count of longwords in result array on stack
;g : ; Contents of result array
;g § Implicit Input:
70 ; Signs of two input 1actors (multiplier and multiplicand or
70 g S - isorpand dividend) ’ ’
7 1361 °
70 § MULTIPLY DIVIDE EXIT:

58 os 70 ROovPSL “R1 ; Get current PSL
06 00 F 7; b INSV #PSLSM_Z .20, 44 ,R11 ; Clear all codes except I-bit
4 S ESYA.LISH HANDLEI - : Store address of access
“ ’ ACCV&O ; violation handler again
: 4 EXTZV 01 06 R&,R ; Excess byte count to R3
BEQL St 3 Skip to sinslo digit code
7 ADDL RS.R7 ; Remember ress of sign byte
S 57 ADDL 01 R7.RS ; Point RS beyond end of product string

3
>

“ R
oA SUgnS

e wav 8 PR3 220 %

o co
T B T T e T I T IS Y [ Y Y D e T e R SR W S S R R S S S Y

VAR VALVAVAVAVAVALA 3~
O NN W - OO

MOVL (SP)+.R1 ; Remove next vaiue from stack
BEQL 90% ;: Do not clear I-bit if zero

58 BICB2 #PSLSM_Z.R11 : Clear ZI-bit
MARK _POINT MULP_DIVP_RS
75 0000°CF& 908 : MmOVe~ DECllALtllNAlv to PA(KED TABLELR1),~
: Store convortod sum byte
59 DECL RS : One less element on the stack
1§ BLEQ 116% ; Exit looo i' result array exhausted
€8 5 1 SOBGTR R3,80% : Keep going?
22 54 i 100 BLBC R4 1208 ; Different for even digit count
5 : The output string consists of an odd number of digits. A complete di?it
: pair can be stored in the most significant (lowest addressed) byte o
: the product string.
51 og MOvL (?P)O.ll : Remove next value from stack
1 BEOL 1108 ; Do not cloar l-bit it zero
58 8A BICB2  #PSLSM_Z.R1 : Clear 2-bi
MARK _POINT MULP D K9
7S 0000°'CF&Y 90 74 1108 MOVB~ DECIlAL!OluAlv to PA((ED TABLE[R1),-
s Store convortod sum byte
59 07 DECL R4 : One Less element on the stack

*

IS ———

vl
w(
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15 Q0 1377 BLEQ 116% ; Exit loop if result array exhausted
% 0 Eg 1378 BR6. 1408 : Perform overflow check
C& 1380 ; This loo? executes if the result orra{ has fewer elements than the output
(6 1381 ; string, The remaining bytes in the output string are filled with zeros.
E: } ; : There is no need for an overflow check.
6 1 MARK _POINT MULP_DIVP_B
7 G4 C4& 1385 1148: CLRB -(RS) ; Store another zero byte
FB S Fé Es } 9 1168: SOBGEQ R3,1148 : Any more room in output string
38 N E: } s 8RB 1508 ; Determine sign of result
(B 1 : This code path is used in the case where the output digit count is 0 or 1.
Eg } 81 : RS must be advanced
57 S5 00 (8 1 9§ 1258:  mOVL RS.R?7 ; Remember gddross of output sign byte
55 D06 CE 1394 INCL RS : Advance R5 so common code can be used
B N g } 95 BRB 1008 ; Join common code path
D2 1 39 : The out?ut string consists of an even number of digits. Only the Low order
D 1 33 : nibble is stored in the most significant (lowest addresses’ byte. A zero is
D2 1 : stored in the high order nibble. If the high order digit would have been
030 1680 : nonzero, the V-bit is set and the overflow check is bypassed because there
0302 1401 ; are faster uoys to clean the stack if we do not have to check for nonzero
8 g }:8; ; ot the same time.
51 BE DO 8 D2 1404 1208: MOVL (SP)+ R ; Remove next value from stack
51 0000°'CF&Y1 90 D5 1405 MOVe DECIMALSBINARY _TO_PACKED_TABLE(R1]),-
03p8 1689 R1 ; Obtain converted sum byte
8 DB 14 MARK_POINT MULP_DIVP_R9
51 FO 9; &8 8 g? 1408 BICBS  #*XFO0,R1,-(RS) ; Store byte, clearing high order nibble
03 13 030 1409 BEQL 1308 ; Do not clear Z-bit if zero
58 04 0362 1410 BICB2 #PSLSM Z.RN : Clear 2-bit
S1  FO 8F 3 O03ES 1411 1308: BITE #*xf0,R1 ;: Is high order nibble nonzero?
06 1; 8 £9 I‘li BNEQ 1338 ; Yes, go set overflow bit
59 O EB 141 DECL [ ; One less element on the stack
D7 15 O03ED 1414 BLEQ 116% ; Exit loop if result array exhausted
o8 N 8 E: }:}S BHB 1408 : Check rest of result array for nonzero
03F1 1619 : If we detect overflow, we need to adjust R9 to reflect the nonzero longuord
03F1 I&ls ; removed from the stack before we enter the next code block that sets the
:} =:|0 : V=bit and cleans off the stack based on the contents of R9.
59 07 :l }: 1 1338: DECL R9 : One more longword removed from stack
F3 14 i : A nonzero digit has been discovered in a position that cannot be stored in
F3 1424 ; the output string. Set the V-bit, remove the rest of the product arra‘ from
F 1425 ; the stack, and join the exit processing in the code that determines the sign
: ;: ’ s of the product.
58 OS 88 FS 14 s 135¢: BISB IPSLEH !.l11 : Set the overflow bit 1
SE  6E4 Ds Fé 14 MOVAL (zP) R91,SP : Clean off ronotning product string
0 1 :2 ;: ? BKB 1508 : Go to code that determines the sign
FC 1432 ; The remaincer of the product array must be removed from the stack. A nonzero
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FC 1433 ; result causes the V-bit to be set and the rest of the loop to be skipped.
:E }: g : Note that there is always a nonzero Loop count remaining at this point.
8E O FC 1436 16408:  TSTL (SP)+ ; Is next longword zero?
1 1 FE 14 BNEQ 1538 : No, leave Loop
F9 59 ¢ 4 }2 8 SOBGTR R9,1408
16440 ; The final product string has been stored and the V- and I-bits have their
8 1441 ; correct settings. The s gn of the product must be determined from the
1£6§ : signs of the two input strings. OQQosito signs produce a nogativo product.
§ }2:‘ : Same signs (in any representation) produce a plus sign in the output string.
5S¢ 08 (O 1445 1508:  ADDL #8,5P : Discard saved string descriptor
56 0OC 90 os 1&&9 MOVL  #12,Ré : Assume final result is positive
50 6 7D 0409 144 mova  (SPJ,.RO : Retrieve original RO/R! pair
S0 04 a E ?8 1448 ExTZv  #1,84,R0,R0 : Get byte count for first input string
51 S0 c¢o 11 1449 ADDL RO,R1 : Point R1 to byte containing sign
14 1450 MARK _POINT Hgb? DIVP_0
81 FO ga 88 }4 1451 BICBY  #*B11110000,TR1) RO : RO contains the sign ‘‘digit"’
0413 l&Si
0419 145 CASE RO TYPE=B,LIMIT=#10,<= ; Dispatch on siap digit
0419 1454 208, - ;10 => sign is s
0419 1455 108,- : 11 => sign is ="
0419 1659 c08%.- : li => sign is "¢’
0419 145 108,- : 13 => sign is "=
0619 1458 %OS.- ; 14 => sign is '
0419 1459 0s,- : 15 => sign is "'+
06419 1460 >
0429 1461
5¢ 01 00 0429 1665 2108:  MOvL 1 ,R4 ; Count a minus sign )
02 N 82 g }22‘ BRB 230s : Now check second input sign
5¢ D& 8: 8 }:65 2208: CLRL fé : No real minus signs so far
52 08 AE 7D 8: 0 1629 2308: mova G(SP).RS : Retrieve original R2/R3 pair ]
52 04 21 EF 0ets 1468 EXTIZV #1184 ,R2,R2 : Get byte count for second input string
53 SS €0 0439 1469 ADDL R2, : Point R3 to byte containing sign
0643C 1470 MARK_POINT MULP D£VP 0 ) = o
63 FO gs L] 82‘8 1%n BICBY  #*B11110000,TR3) R2 : R2 contains the sign '‘digit’
&1 147
8261 167‘ CASE Ri TYPE=B,LIMIT=#10,<- , Dispatch on sign digit
04641 1474 $.- : 10 => sign is "¢
0441 1475 408, : 11 => sign is ™=
0441 1679 508,- : li => sign is '’
&1 147 408,- : 13 = sign is !'-"
41 1&73 508, : 14 => sign is '
41 147 508,- : 15 => sign is '+"
41 1480 >
451 1481 .
54 Dg 651 14 i 483: INCL 4 : Remember that sign was minus
09 5¢ E 53 14 508: BLBC Ré, 2608 : Even par1t¥ indicates positive result
10 58 8‘ so 56 1484 8BS #PSLSV_2,R11,2708 : Step out of Line for minus zero check
58 8 045A 1485 BISB #PSLSM_N,R1 ; Set N-bit in saved PSW
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56 D6 2 ? }2 9 2558:  INCL R6 ; Change sign to minus
&S5F 14 s MARK _POINT MULP_DIVP_0 )
064 00 g? FO 265 1489 260%8: INSV R6,#0,44,(R7T : Store sign in result string
10 AE g& 464 1490 CLRL 16(SP) ; Set saved R4 to zero
FB9S' 31 22; }281 BRW VAXSDECIMAL _EXIT : Join common exit code
46A 1495 : It the result is negative zero, then it must be changed to positive zero
46A 1494 ; unless overflow has occurred, in which case, the sign is left as negative
Ozg: }235 : but the N-bit is clear.
EF 58 01 EO 046A 1499 270%: BBS #PSLSV_V,R11,255% : Make si?n negative if overflow
EF 11 046E 1498 BRB 260% ; Sign will be positive
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:; } ? < LSUBTITLE EXTEND_STRING_MULTIPLY = Multiply a String by a Number
2; } § ; Functional Description:
470 1504 : This routine multiplies an 8rray of numbers (each array element LEQU
«70 1505 ; 99) by a number (also LEQU 99). The resulting product array is added
&; } 9 s to another array, each of whose elements is also LEQU 99.
4; } 3 : Input Parameters:
70 1510 3 R3 - Pointer to output array
70 1511 ; R4 - Input array size
470 1 15 : RS - lnYut array address
. §2; }s}‘ 3 R6 = Multiplier
470 1515 Output Parameters:
&7 1519 $
;§ }g} : None
02;0 }§1§ : Implicit Output:
8:;8 }g 1; The output array is altered.
0470 15 i ; An intermediate product array is produced by multiplying eacn input
0478 15264 ; array element by the multiplier. Each product array element is then
82;0 }g 5. added to the corresponding output array element.
8:;8 }g 2 : Side Effects:
8:;8 }g 3 : R3, R4, and RS are modified by this routine.
8:;0 }g 1: R6 is preserved.
0470 15 i : RO, R1, and R2 are used as scratch registers. RO and R1 contain the
82; }g ; : quadword result of EMUL that is then passed into EDIV.
82;0 }g ? : Assumptions:
0&78 1538 : This routine assumes that all array elements Lie in the range from 0
0470 1539 ; to 99 inclusive. (This is true if all input strings contain only legal
047 1240 3 decimal digits.) The arithmetic performed by this routine will
8:; }S:' : maintain this assumption. That is,
8&78 1 65 : input array element LEQU 99
0:; } 2; : S Pl IR N :Eifigliff LEQU 99
70 1 49 : product LEQU 99+99
6; } : : plus carry LEQU 99
70 1 63 : modified product LEQU 99+100
; } S? : plus old output array element LEQU 99
2; ; gi 3 new output array element LEQU 99+101 = 9999
470 1 g& : A number LEQU 9999, when divided gy 100, is guaranteed to produce both
:; } gz : a quotient and a remainder LEQU 97.
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70 1557
470 1 s EXTEND_STRING_MULTIPLY:
5¢ D& 2; } l CLRL R2 : Initial carry is zero
5¢ 85 g 7TA 2; 1 6? 108: EMUL R6,(RS5)+,R2,R0 : Form modified product (RO LEQU 9900)
S0 ;o L7 1;6§ ADDL2 (aa).uo : Add old output array element
agoooggsa 8 s 27A 156 EDIV #100,R0,R2,(R3)+ : Remainder to output array
4 8 1564 ; Quotient becomes carry
EC 564 F5 : } gS SOBGTR R&,10% ; Keep going?
8‘ 2 1 69 : This roaaining code Looks more complicated than it actually is. In the
0486 156g s usual case, the routine exits immediately. In the event that a carran
86 6 1S$ ; occurs, one additional entry in the output array will be modified. Only in
486 1570 ; the rare case of an output array consisting of a string of 99s will any
: g } ;1 ; significant Looping occur.
63 S; c0 04 g 1S7§ ADDLZ R2,(RY) ; Add final carry
6 D1 04 1574 208: CMPL (r$), 7100 : Do we overflow into next digit pair?
00000064 B8F 0488
01 15 8&9 1575 BGEQU 308 ; Branch if carry
0 023 1;;; RSB ; Otherwise, all done
00000064 gf 2 8239 1578 30%: SUBL #100,(R3)+ ; Readjust entry and advance pointer
6% D6 049A 1579 INCL (R3) ; Propogate carr‘
EB 11 049C 1580 ) 208 ;i «.. 3nd test this entry for overflow
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2§E } ; = SUBTITLE VAXSDIVP = Divide Packed
29% } g : Functional Description:
49 1 ; The dividend string specified by the dividend Llength and dividend
4% 1 9 : address operands gis pdivided b; the divisor string specified gy the
€ 1 3 3 divisor length and divisor address operands. The quotient string
49 1 : specified { the quotient Length and quotient address operands is
23% } 9? : replaced by the result.
23% } 8§ § Input Parameters:
49E 1594 : RO - divrien.rw Number of di?its in divisor string
49 1595 ; R1 = divraddr.ab Address of divisor strin
49 1 9; : R2 = divdlen.rw Number of digits in dividend string
49 1597 . R3 = divdaddr.ab Address of dividend string
49E 1;93 : R4 = quolen.rw Number of digits in quotient string
23% }690 : RS = quoaddr.ab Address of quotient string
49E 1681 : Output Parameters:
B w.
8495 1684 ; R1 = Address of the byte containing the most significant digit of
0235 }285 : . the divisor string
: =
8495 1609 3 R3 = Address of the byte containing the most significant digit of
232 }ggs ; . o aho dividend string
49E 1610 : RS = Address of the b{te containing the most significant digit of
Otgg 1231 3 the string containing the quotient
235 }2}5 : Condition Codes:
49E 1615 : N <= quotient string LSS 0
049€ 1619 S 1 <= auotient string EQL 0
049 1617 ; V <= decimal overflow
it g e
828% }g ? ; Register Usage:
49 16 g ; This routine uses all of the general registers. The condition codes
49 1623 ; are computed at the end of the instruction as the final result is
49E 1624 ; stored in the quotient string. R11 is used to record the condition
235 }g 5 ; codes.
49E 16 5 : Algorithm:
16 3 :
1629 ;
1630 ;
1635
16 2 :
}% § :
1637 :
1638 ;
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- Reading, Massachusetts
; Notes:

EMULAT .BUGSRCIVAXARITH.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 b{ 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.

WO NS LNV —-O 0

*

JENABLE LOCAL _BLOCK

3¢
: This code path is entered if the divisor is zero.

E Input Parameter:

(SP) = Return PC

; Output Parameters:
O(SP) = SRMSK_FLT_DIV_T (Arithmetic trap code)
4(SP) = Final state PSL
8(SP) = Return PC

Implicit Output:

Control passes through this code to VAXSREFLECT_TRAP,

ooooororOrOrOFOMOMOMOFMOMOMOMONOM

VOO0 SNNNNNNNNNNOCOMONON OO OO OO WY B

DIVIDE_BY_ZERO:
POPR #*M<RO,R1,R2,R3,R4,R5,R6,R7,R8,R9,R10,R11>
: Restore reg*sters and reset SP
MOVPSL =(SP) ; Save final PSL on stack
PUSHL  #SRMSK FLT DIV T ; Store arithmetic trap code
BRW VAXSREFLECT_TRAP : Report exception

; If the divisor contains more nonzero digits than the dividend, then the
: agotiont will be identically zero. Set ug the stack and the registers (R4,
3 . and R9) so that the exit code will be entered to produce this result.

OO NN WM = O VNS LN = O O N WV S N = OO0 N VS IR — O

1$: CLRL -(SP) : Fake a quotient digit
MOVL #.,R9 ; Count that digit
BRW MULTIPLY_DIVIDE_EXIT : Store the zero in the output string
VAXSDIVP::
4 PUSHR  #*M<RO,R1,R2,R3,R4&,R5,R6,R7,R8,R9,R10,R11> ; Save the lot
1 ESTABLISH_HANDLER - ; Store address of access
; ARITH_ACCVIO : violation handler
g ROPRAND _CHECK R4 ; Insure that R4 is LEQU 31

?doecinal Arithuctis }gstr -JAN-}ggz 35:2{:?1 AX/VMS Macro Y04=-00 Page (?9)
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e Packed -SEP=-1984 00: EMULAT .BUGSRCIVAXARITH.MAR; 1

ROPRAND CHECK R2 : Insure that R2 is LE 1

HARK-FOTNT D%VP B8SBv 0 r —

BSBW™  DECIMALSSTRIP_ZEROS_R2_R3 ; Strip high order zeros from R2/R3
RO : Insure that RO is LEQU 31
Sie®

ROPRAND _CHECK
MARK _POINT SBvw_0
BSBW DECIMALSSTRIP_ZERDS_RO_R1 : Strip high order zeros from RO/R1
Insure that the divisor is nct 2ero. Because leading zeros have already
been eliminated, the divisor can only be zero if RO is 0 (zero Length
strings are ident 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 llofal nonzero digit
t:°;:= i: };; most significant nibble (including an illegal form of a zero
n string.

EXTZV  #,84,RO,.RO ; Convert divisor digit count to bytes

“l
an

FB30* 30

0

FB25' 30

= OO00O0O0O0CO0O0OCOOVOOY <o

= OV NO NS WM —O- 000~~~

50 04 6 EF
06 12

61 FOBF 9
B6 1

BNEQ 108 ; Skip zero divisor check unless zero
MARK _POINT DIVP. O

BITB #*811110000,TR1) : Check for zero in ones digit

BEQL  DIVIDE_BY_Z£RO : 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 a 16-longword array. The dividend and divisor are stored as longword arrays,
with each array element storina a digit pair from the ori?inal packed

decimal string. The numerator digits are shifted by one digit (multiplied

by ten) so that the quotient has its digits corroctl¥ placed, leaving room

for a sign in the Low order nibble of the lLeast significant byte. A scratch
arrol is also allocated on the stack to accommodate intermediate results

of the QUOTIENT_DIGIT routine.

108: INCL RO ; Include least significant digit
Mova RO.R8 ; Let R8 and RY describe the divisor

EXTIV  #,84,R2,R2 ; Convert dividend digit count to bytes

INCL R; : Include Least significant digit
Mmova RZ,.=(SP) ; Save dividend descriptor on stack

SUBL3 ag.nz.ao ; Calculate main Loop count
BLSSU 1 ; Quotient will be zero
INCL R6 ; One extra digit is always there

r
m
noNO

6
)

EF

6
D

3
06

v
oo

= OV NS W= O OV®NO NS W N

52 04

3 3 e I e I I I

T MMM MmMmMmmmmmmm

7€
56 52

VIS WV WWALD W
MO NNN—-= OO0

4

:

§ ; Allocate R6 longwords of zero on the stack

i MOVL R6,RO ; Let RO be the loop counter
4

é

0

MM NOD NNSN-O O > 0000000000 0000000000 0mon

50 00

wly B

57 S5¢ 0O

CLRL -(SP) ; Set aside another quotient digit
SOBGTR RO,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 ? number between 0 and 99

: representing a gair of digits in the or

its digit is stored with t

VWAL AN S

PP PPN~

ginal paskod decimal strin

; Because the un n packed decimal ?éruat.

e sign




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

In these cases. the number of nonzero digit pairs in the divisor array is
smaller by one than the number of bytes containing the orivinal packed decimal
string. One gaso is a divisor string with an even number of digits. The

second case 1s 3 divisor string with an odd number of digits but the most
significant digit is zero (essentially a variant of the first case). The
simplest way to handle all of these cases is to decrement R8, the divisor
counter, if R2 is zero. Note that previous checks for a zero divisor

prevent R8 from going to zero.

6 10
VAXSDECIMAL _ARITHMETIC = VAX=11 Packed Decimal Arithmetic Instr §=JAN-1985 17:27:01 VAX/VMS Macro Y04-00 P 4
V04=001 VAXSDIVP = Bieide bached 14 AR VR - B 1A T SO L S
A 1 ; it is necessary to shift the number as we store it. This is acc Lished b
; : }? i : nult?plying thz number by ten. o ’
A 1754 : The ?ixisor string is described by R8 (byte count) and R9 (address of most
: }E ; ; significant digit pair).
55 8 9 O A 1 ADDLS R9.RB.RS ; Point RS beyond sign digit
26 28 00 1§ }7 g MOVL RB.R4 : R& containsytho logp coznt
11 1760 ; Put in an extra digit place for the divisor. This allows several common
}} };6 : subroutines to be used when operating on the divisor string.
7t D& } };g‘ CLRL -(SP) ; Set aside a place holder
13 1765 ; An array of longwords is allocated on the stack. R3 starts out pointing
1 176’ : at the longword beyond the top of the stack. The first remainder. guaranteed
13 1767 ; to be zero, is ''stored'’ here. The rest of the digit pairs are stored safely
} };63 ; below the top of the stack.
53 Sg CE 1 1790 MNEGL RS RE : Stack grows toward lower addresses
SE  6E4 D 16 1771 MOVA (SP) RB;.SP : Alloca ; the space
53 SE 04 C }e };;S SUBL #6,5P,R : Point R3 at next lower longword
1€ 1774 MARK _POINT DIVP_R6_R7
51 75 O9A 15 1775 20%: MOvZBL ~-(RS),.R1 : Get ncxi digit pair
S1  0000°CF41 9A 177; MOVZBL DECIMALSPACKED_TO_BINARY TABLELR1],-
7 177 R1 ; Convert digits to binary
5¢ S ge 7A ; 1778 EMUL #10,R1,R2,R0 ; Multiply by 10
BgOOOggbk ga 78 § 1779 EDIV #100,R0,R2,(R3)+ ; Divide by 100
E6 54 FS SOBGTR R&,20%8

63 52 Dg MOVL R; (R3) ; Store final quotient
A BNEG 25§ . Leave well enough alone if nonzero
6 D INCL R6 ; One more quotient digit
57 4 SUBL #4 ,R7 ; Make room for it . -
8 O DECL R : Count one less divisor ''digit’
01 12 BNEQ 25%

~O O O O 0o 0o 0o 00 Co O O OO Co GO

33s wnnnnnnene BEGIN TEMP wevntnnnne

235 THE FOLLOWING HALT INSTRUCTION SHOULD BE REPLACED WITH THE CORRECT
%% ABORT CODE.
$:% THE MALT IS SIMILAR TO THE

(V0 a8 ]
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52 5
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Decimal Arithemetic
ked

MARK_POINT
(R3)+ R :
MOVZBL oec1nALsPA§;§o,ro,axnaav,tAaLstn1

el
>

AAWARIWAWAWAWWVWA S~
M IMAOVOYONNWHNO ™

LR TR TR TR T

VASS N = © O T N V8 i) = OO0 O N

AAVAWA WA WAWAIWA WM WAWVIA WA WV AW WA WM WA WMWA W WA VAWD

B e e e e Y - S-S N ALY

scratch
dividend
divisor

NO SN = OO0V VO VS W) = O 0@
-

LA TE TR TR PR PR DA A DR PR A PR TR PR DB DR 11

quotient

10

Instr B8=JAN-1985 17:27:01 VAX/VMS Macro V04=00 e 4
!-szr-1334 50:34:84 !EAULAI.oussnc!vaxnaxrn.nna:1"' (1;)

MICROCODE CANNOT GET WERE

: ERRORS THAT OTHER IMPLEMENTATIONS USE.

; This will cause an OPCDEC exception

P oeeeeeeteeee END TEMP tesntsnnene

SP,R9 : R9 locates low order divisor digit

; The dividend is stored the stack as
: have its di

: place
: sivgdo

array of longwords. It does not

an
airt shifted so that ‘2‘? storage loop is simpler. An extra
e in <

nd and divisor before division is attempted.

=-(SP) ; Set aside space for ULOD)
:zzgtzg].lz : Retrieve dividend descriptor

the event that necessary to normalize the

: «ee in two steps

DIVP_R6_R7
Get n.'i decimal digit pair

s Convert digits to binary

SOBGTR R2,30% ; 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 keep the address of ARITH ACCVIO in R10 for this stretch of code. Note
0 must be reloaded beTore the exit code executes because the
destination string is written and may cause access violations.

(R7)CR6],R10 ; Retrieve size of dividend arra
SP.R1

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

: R11 locates low order dividond,digit

: Need a negative index

R8,R2
-4 (SP)[R2],5P : Adjust stack pointer

At this point, the stack and relevant gcncral registers contain the
following information. In this descripti

of digit pairs in the divisor and M represents the number of digit
pairs in the dividend.

on, N represents the number

N L d e
: +1 lon s ‘
== ™ 1 t Wd 4 (== R“
: + :
LY T g?!:or :- ¢ (== '9
: N+1 longwords H
R L b T TR RER R - wad (== a?
i ~___M+1-N longwords i
' RO..R1 '
trccnccccccscccccens ceeececeesesesee
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SSE38E 80:808

1nn?. r quot‘,::t

t poir: 1n divfsor
ou order d ts in di

.9 : 233?:.. ?f ?o'
'1? - Addross ?f

Number o
= Address of lou order digits in d

LA T A DA TR A TR TR 1)

AX/

p
EMULA -

Macro !oa-oo
«BUGSRCIVAXARITH.MAR; 1

array (M+1=N)
arra
(called N)
visor

it pairs n di vidon? (called W)
v

idend

PUSHAL ( P) ; Store address of scratg array
move -(SP) : Remember di isor descriptor
MOVQ ato -(SP) Remember dividend descriptor

t can be guaranteed to

by no more than two |

The algorithm that guesses the cuotiont digi
rder d

the high
(our. rad

of t

ff
he divisor (called 3313) is

too smal

’ least as large as
L, we “normalize’’ the

dividtd by 2). If the high order di?it

ADDL3

; We have now reached tho.goint where we

; In the followi

: of digit pairs

: most sign ficant d git in the dividend string.

; each pass thr
s address of the

them by the same number, namely 1

sgnovt;s.1ond dono-onator y multiplying

# ,-4(R9)[RB],RO ; Compute V(1] + 1
Compare to 50 + 1

l§ 51 :
408 : Skip normalization if V[1] big enough
RO,#100,.R3 : Co-:uto normalization factor ’

Get doscriptor of divisor
Normalize divisor

Get descriptor of dividend
Nermalize dividend

can ltars
and R6 are loop nvar
1nt’l§°

HUBTIPLV STRING
nufoer _STRING

LR TR PR T

calculating quotient digits.
ants. RS contains the number
tho longnord beyond the
and R8 must be Loaded on
because these two pointers are modified. Notice that the
ivisor array is exactly what we want to store in Ré.

loop,
n og: divisor. R6 always

mova R6,R10 : Let R10/R11 describe quotient and loop
PUSHL R1 : Save quotient address for exit code
MOVAL (R11)CR101.RM Store quotient digits from high end

: This rather harmless looking loop is where the work is done

mova R8RS 3 lnitializo count and dividend address
MOVL I16.R9 3 r the loop count in R9

S0$: Mova 16(SP) ,R7 : Load divisor and s~ratch addresses
BSBW TIENT_DIGIT 3 Get tho next quotient digit
MOVL  R3,=(R11Y : Sto
SUBL ’ lg : 'Advanco" dividend pointer
SOBGTR R10,508 i ... and go gack for more

stack storage
VAL P. Note
the exit code.

The quotient digits have boon store

? n the stlck Liminate the rest of the

and ont r the completion cod’ that this rout ne sharos u th
that RY is alrea?‘ 10t u? th the longword c?un by

Note also that R nting to the savcd d dond doscriptor

“i
an

< <
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V04001 VAXSDIVP = 51vide Packed T3EP-1982 00:30: 30 VENOURY BOCSRCYORRaR n.man: % (13,
82 } } ; that sits on top of the saved register array.
Ss 68 00 0; 1 MOVL (SP),SP ; Reset stack pointer
5¢ 18 AB4 DE 87 1 MOVAL < <4*2> ¢ = ; Skip over saved dividend do:crigtor
:]8 18 <4*&> >(R11[R9I,R4 ; and retrieve original R4 and R
5¢ 64 7 Sgg }9 ; mova (R&) R4 i «es in two steps
g: }3 g : The following is a MACK,
SBF 19 ? : The method used to obtain quotient di'its generally leaves garbage (nonzero)
58F 1927 ; in what will become the sign digit. (In fact, this is the tenths digit of a
;er 19 s ; decimal extansion of the remainder.) We need to make the least significant
Sg: }3 3 ; digit a multiple of ten.
50 28 OA C7 0O58F 1931 DIVL n .(3?) RO ; Divide b{ ten, losing remainder
6E 0A (S gg; }3 i muLLs  #10.RJ, ($P) : Store only tens digi
FoB3 3 ggz }g g BRW MULTIPLY_DIVIDE_EXIT ; Join common exit code
SCA 1936 .DISABLE LOCAL _BLOCK

ESENPPRPANVR IR EEEEEEEEERRTITOCOCOCOOCCSORERERRRRRR R R ¢
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ecimal Arithmetic Instr B-JAN=1985 17:27:01 VAX/VMS Macro V04-00 (4 4
Get Next D‘git in Quoti !-SEP-Ing 50:36:86 !EHULA!.OUGSIC VAIAIKTN.HAR:I.O. (13)
LSUBTITLE QUOTIENT _DIGIT = Get Next Digit in Quotient

bR 2
Functional Description:

This routine divides an (N+1)-g¢lemen ’rray of longwords 8, an N-element
?rray. producing a single quotient digit in the range of 0 to 99
nclusive. The dividend array is modified by subtracting the product

of the divisor array and the quotient digit.

The “hu.°.68" that this array rates on lzltiplsqgrocision numbers
in radix 100. Each digit (a r between 0 and is stored in a
longword array element with more significant digits stored at higher
addresses. The dividend string and the scratch string (also called the
product string) contain one more e'ement than the divisor string.

Input Parameters:
RS = Number of '‘digits’’ (array elements) in divisor arra¥ (preserved)
R6 = Address of longword immediately following most significant
digit of dividend string (preserved)
R7 = Address of Least significant digit in divisor string (modified)
R8 - Address of Least significant digit in product string (modified)
Output Parameters:

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

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

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

R7 = Address of longword immediately following most significant digit
of divisor string. This longword must always contain zero.

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

Implicit Output:
The contents of the dividend array are modified to reflect the
subtraction of the product string. The result of this subtraction
could be stored elsewhere. It is a convenience to store it in the
dividend array on top of those array elements that are no longer
needed.
The contents of the divisor array are preserved.

Side Effects:
R7 and R8 are modified by this routine. (See implicit output list.)
RS and R6 are preserved.

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

Vi
P

= U
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VAXSDECIMAL _ARITHMETIC = VAX=11 Packed Decimal Arithmetic Instr 8=JAN=1985 17:27:01 VYAX/VMS Macro V04=00 P &7
V042001 QUOTIENT_DIGIT = Get Next DIgTe 1n Quoti S-3EP-1082 00:06.30 [EmoLAT Bocre Yoa 0 th.mar: 129 (43,
CA 1995 ; quadword result of EMUL that is then passed into EDIV. R2 is the
CA 199? 3 carry from one step tc the next. R4 is the loop counter.
CA 1997 ;-
CA 1893
CA 1999 QUOTIENT DIGIT:
00000064 8F 7A (A 2000 EmuL #100,-4(R6) ,~8(R6), RO  ; RO <= 100 * ULj) + uUCj+1)
F8 A6 FC g§ 582
50 Fg A74 6 gDS 001 DIVLZ =4&(R7)CRS],.RO : RO <= RO 7 v[1])
5 5 Dg SDA 8 ; MOVL RO,R3 ; Store quotient ''digit'' in R3
01 0%F 5004 TRPL  R3.4100 1 5 asctions Lats BT & seey
o 3 n ?
Fo—— ; 1F §E1 005 BLSSU 5% 0’ qu: i: tient 0K
; Branc uotien
00000063 g; 00 8§E§ 006 MOVL #99,R3 ; Otherwise gtart with 99
OSEF 07
OSEF 08 ; We will now multiply the divisor array by the quotient digit, storing the
§§E§ 893 s product in the scga{ch array. i - ’ .
S D& OSEF 2011 S5§%: CLRL % : Start out with a carry of zero
54 Sg 00 8?;2 8}; MOVL ng.n& : R& will be the Loop czuntor
52 87 ga 7TA 8;;3 014 10%: EMUL R3,(R7)+,R2,.R0 : Multiply next divisor digit
83000?%64 gs 78 8;;? 2015 EDIV #100,R0,R2,(R8)+ : Remainder to input array
060 016 ; Quotient becomes carry
EF 54 FS 828 8}; SOBGTR R4&,10% : More divisor digits?
88 52 00 8285 813 MOVL R2,(R8)+ ; Store final carry
0603 %0 1 ; If the product array is Larger than the dividend array, then the guotient is
0608 20 i : too lLarge. To avoid a second trip through the rather costly EMUL/EDIV Loop
0608 2023 ; and also to avoid array subtraction that produces a negative result, we will
0608 2024 ; first compare the product and dividend arrays. If the product is smaller, we
0608 2025 ; can safely subtract. If the product is larger, we decrease the gquotient by
8283 8 9 : one and subtract the divisor array from the product array.
50 56 D00 0608 20 s 15%: MOVL R6.RO : Point RO and R1 to high address ends
51 58 00 0608 20 MOVL R8,R1 : ... Of dividend and scratch strings
¢ 55 00 83?% 8 ? MOVL R5.R& : Initialize the loop counter
;} § : The comparison is done from most to least significant digits
720 T 0 n & 208: CMPL =(R1),=(R0O) : Compare next pair of digits
0FE 1F 14 5 BLSSU ggi : Leave loop if product is smaller
gb 1A 13 BGTRY $ : Also Lleave if product is Larger
Fé6 5S¢ F& }B 3 SOBGEQ R4 ,20%8 : More to test?
18 ; If we drop through the | then the dividend and product are equal. We
18 0 ; simply sggrc zgggs in thgos{vidcnd arra‘ (the cquivglont of subtraction
18 1 . of equal arrays) and return. Note that RO is already pointing to the
}g i ; least significant dividend array element,
5« 55 00 }g 2; MOVL RS.R& ; Initialize still another loop counter
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d Decimal Arithmetic Instr B8-JAN-1985 17:27:01 VAX/VMS Macro vV04=00 4 4
R $3 HRap fa R TR AR wT-ath: VI R - B T R L T L A
25%: CLRL (RO)+ : Store another zero
SOBGEQ R&,25% ; Keep going?
RSB ; Return to caller
It we drop through the Loop, then the ?uotient that is stored in RS is .
We need to suotract the product array from the dividend array. Note that RO

and R1 need to be adjusted to point to the least significant array elements
before the subtraction can begin.

308:  MNEGL R4, R&
MOVAL (né)Ea5 RO
MOVAL (R1)[R4IR1

LI TR TR 1)

We need a negative index
Adjust dividend pointer
.+« and product pointer

MOVL RS5.R& & will count still another loop
358: SUBL2 (R1)+,(RO)+ ; Subtract next digits

BGEQ_ 408 ; Skip to end of Loop if no borrow

ADDL2 #100,-4(RO) : Add borrow back to this digit

DECL (RO) i ««s and borrow from next highest digit
408: SOBGEQ R4 ,35% ; Keep going?

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

45%: RSB ; Return to caller

The first guess at the quotient digit is too Large. The brute force
approach is to decrement the quotient by one and execute the EMUL/EDIV loop
again. Note, however, that we can evaluate the modified product by
subtracting the divisor from the initial product. Note also that, because
the lLeading digit in the divisor is ’lnr?e enough'’, we can only end uY in
this code path twice. (That is, the initial guess at the gquotient wil

never be off by more than two.)

508: DECL R3 : Yr{ guotiont smaller by one
BEQL 45% : ALl done if zero

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

MNEGL RS.R
MOVAL =4(R
MOVAL (R7)

MOVL  RS.R&

Need a negative index

Scratch array contains N+1 elements
Product orra{ contains N elements
R4 will count still another Lloop

§£8§°3z"

S SsNen,

608 : SUBLZ (R2)+,(R1)+ Subtract next digits_
708 Skip to end of loop if no borrow
ADDL2  #100,-4(R1) : Add borrow back to this digit

DECL (R1) : ... and borrow from next highest digit
708: SOBGEQ R&,60% : Keep going?

ADDL2  #4 R : Point R1 at most si?nificant digit
BRB 15§ : Make another comparison
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.SUBTITLE MULTIPLY_STRING = Multiply a String by a Number

1o
L d
= {1
c -
—3
~®
-

:0
; Functional Description:

This routine multiplies an 8rray of numbers (each array element LEQU

by a number (aiso LEQU 99). Each array element in the input array
is replaced with the modified product, with the carry propogated to
the next array element.

Input Parameters:
R3 = Multiplier

R4 = Input array size
RS = Input array address

o0
oo OO~O~O-O-O~O~
OO0 OO OO O-OO
"fTTiTTTmTTTTTTTTY T
—a
MINIAINININIAINININININININIAINININIAININIAIAINININIRIRININORORIORINON) DO

1
;?
1 ; :
104 :
}  J¥
g
1 g :
110 ;
e
11§ :
114 ;
066F 2115 ; Output Parameters:
066F 11? :
066F 2117 ; None
8588 318 ¢ mpticic outou
: Implicit Output:
066F 2120 :
066F 2121 ; The input array elements are altered.
066F 21 i :
066F 2123 ; Side Effects:
066F 124 ;
066F 2125 : R4 and RS are modified by this routine.
066F 2126 :
822; } ; : R3 is preserved.
066F 2129 ; RO, R1, and R2 are used as scratch registers. RO and R1 contain the
066F 130 ; quadword result of EMUL that is then passed into EDIV. R2 is the
066F 1%1 : carry from one step to the next,.
066F 21 g :
006F 2133 ; Assumptions:
066F 2134 ;
066F 2135 ; This routine assumes that all array elements Lie in the range from 0
066F 2136 ; to 99 inclusive. (This is true if all input strings contain only legal
066F 2137 ; decimal digits.) The arithmetic performed b{ this routine will d
066F 2138 ; maintain this assumption. The details of this argument can be found in
66F 2139 ; the routine header for EXTENDED_MULTIPLY_STRING. This routine performs
22: }2? : less work so that those arguments also apply here.
66F 14;
866F 143 MULTIPLY _STRING:
52 D& 29: }2; CLRL R2 . Initial carry is zero
52 65 ga 7TA §2;; 146 10%: EMUL R3,(RS),R2.RO ; Form modified product (RO LEQU 9900)
0000064 BF 78 0676 2147 EDIV #100,R0,R2,(RS)+ : Remainder to input arra
§300099¢¢ 8% 67¢ : . .
67F 143 ; Quotient becomes carry
EF 5S¢ FS 0Q67F }go SOBGTR R&,108 : Keep going?
65 S2 00 §2§§ 151 MOVL R2.(RS) ; Store final carry
05 06 152 RSB

commMmmMmIEr—m | =

rFuvooom-—-
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V04001 DEC IMAL _ROPRAND 2 R TAE A VI B I o S L

2 2 } g : LSUBTITLE DECIMAL _ROPRAND

2 g } 9 : Functional Description:
686 21 E This routine receives control when a digit count Larger th 1
686 21 3 : is detected. The exception is orchitectarally define :s ‘:n ’
686 2160 ; abort so there is no need to store intermediate state. ALl of the
686 2161 ; routines in this module save all registers RO through R11 before
686 16§ : gerforning the digit check. These registers must be restored

Og g }g‘ : efore control is passed to VAXSROPRAND.

82 2 }g; E Input Parameters:
6 167 : 00(SP) = Saved RO

82 § 188 . !

86 3 130 ; 44(SP) = Saved R11

8282 };1 : 48(SP) = Return PC from VAXSxxxxxx routine

8g§g };g § Output Parameters:

0686 2175 : 00(SP) = Offset in packed register array to delta PC byt

8232 };9 : 04(SP) = Return PC gron VAxsgxxxxx rout¥ne° o e

8282 };3 E Implicit Output:

0636 180 3 This routine passes control to VAXSROPRAND where further

0686 2181 ; exception processing takes place.

0c86 5183 *”

0686 184 ASSUME ADDP6_B_DELTA_PC EG ADDP4_B_DELTA_PC

0686 2185 ASSUME SUBP4-B-DELTA-PC EQ ADDP4 B DELTA"PC

0686 2186 ASSUME SUBP6-B-DELTAPC EQ ADDP4_B”DELTA PC

0686 187 ASSUME ﬂULP_l_UELTA_FC EQ ADDP4_B_DELTA_PC

82 g }83 ASSUME DIVP_B_DELTA_PC EQ ADDP4&_B_DELTA_PC

0636 190 DECIMAL _ROPRAND:

OB BE OH B ARSI o,
; Store offset to t t
F971* 31 068C 19§ BRW VAXSROPRAND ~ : Pass control alon; x ey

S —————————

ER

FC

LI

M1

ER
DE

LB
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52 D4
F968 CF  9F

O6FC'CF  9F 06
F964°' 30 0699
SE 064 CO 9C
51 BE (€2 069%F
06A

0000°CF&2 8; ?; Og:
F4& 52 2A F2 86AA
6AE
6AE
06AE

o u
% 8
o
681
681
681
51 0000°'CF&2 3; 1
F944 CFéI z
68(
e

lect an Access Violati

cNn
ecimal Arithmetic Instr 8=JAN=1985 17:27:01 VAX/VMS M 04~ 4
' Teer oUmNCi982 40:dl: ATt jaoe 31,

EMULAT .BUGSRCIVAXARITH.MAR;

.SUBTITLE ARITH_ACCVIO = Reflect an Access Violation

Functional Description:

MULP, or DIVP.

string instructions.
Input Parameters:

Output Parameters:

AEA T AT A TA TR IEA T AT AT E PATE AR PR PO TR TR TR Y

R2
PUSHAB MODULE_BASE
PUSHAB MODULE "END

BSBW oEc1=At OUNDS _CHECK

0,5
SUBL2 (SP)+,R1

108: CMPY ga‘Pc_TAaLE_BASE[RZJ
AOBLSS #TABLE_SIZE.R2,
; 1If we drop through the dispatchin

See routine ASHP_ACCVIO in module

LA TR TR TR TR T

LR T

108

This routine receives control when an access violation occurs while
executing within the emulator routines for ADDP4, ADDP6, SUBP4, SUBP6,

The routine header for ASHP_ACCVIO in module VAXSASHP contains a
detailed description of access violation handling for the decimal

See routine ASHP_ACCVIO in module VAXSASHP

VAXSASHP

Initialize the counter

Store base address of this module
Store module end address

Check if PC is inside the module
Discard end address

Get PC relative to this base

Is this the right PC?
Exit loop if true

: Do the entire table
based on PC, then the exception is not

. one that we want to back up. We simply reflect the exception to the user.

208: POPR #*M<RO,R1,R2,R3> :
RSB

Restore saved ro?isters
Return to exception dispatcher

: The exception PC matched one of the entries in our PC table. R2 contains
; the index into both the PC table and the handler table. R1 has served
: its purpose and can be used as a scratcn register.

308: MOVZIWL HANDLER_TABLE
JHP MODULE _BASELRY

ASELR2],R1

: Get the offset to the handler

Pass control to the handler

: In all of the instruction-specific routines, the state of the stack
: will be shown as it was when the exception occurred. ALl offsets will

; be pictured relative to RO.

$

$f

$(

Sl

JC

QL

S1

$(
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Access Violation Nandl%ng for ADDPx and g-SEP-19 ) 00:64:?& EMULAT.BUGSRC VAXARITH.HAR::.Q. (35)

SUBTITLE Access Violation Handling for ADDPx and SUBPx

g 3
ggg 29 § Functional Description:
68C 43 : The only difference among the various entry points is the number of
68C go S longwords on the stack. RO is advanced be{ond these longwords to point
68C 13 to the List of saved registers. These registers are then restored,
ggg g; : effectively backing the routine up to its initial state.
gg% g : Input Parameters:
2gE 9 E RO = Address of top of stack when access violation occurred
gg% 23 E See specific entry points for details
823% g? : Output Parameters:
823% gi E See input parameter Llist for VAXSDECIMAL_ACCVIO in module VAXSASHP
S 5362 .,
ggg g : ADD_SUB_BSBW_24
068C 68 : An access violation occurred in one of the subroutines ADD_PACKED_BYTE,
068C 9 ; SUB_PACKED_BYTE, or STORE_RESULT. In addition to the six Longwords of work
068C 0 ; space, this routine has an additional longword, the return PL, on the
8232 ;1 s stack,
06BC 2273 ; 00(RO) - Return PC in mainline VAX$xxxxxx routine
068C 76 ; 04(R)) = Address of sign byte of destination string
06BC 75 ; 08(R0O) = First longword of scratch space
068C 76 ; etc.
0eac 3378 ©°
068C 79 ADD_SUB_BSBW_264:
co §2g§ 8? ADDL #4,R0 ; Skip over return PC and drop into ...
6BF o
Ogg; 2 : ADD_SUB_24
S : There are five longwords of workspace and a saved string address on the stack
? ; for this entry point.
g : SO(RO) = Address of sian byte of destination string
3 3 4(RO) - First longword of scratch space
91 ; -
92 : O(RO) - Fifth longword of scratch space
93 ; 4&(SP) = Saved RO
9 . 8(SP) = Saved R1
95 ; etc.
3 -
98 ADD_SUB_24:
%0 9 ADDL #24 RO : Discard scratch space on stack
1 00 BRW VAX£DEC1HAL_ACCVIO ; Join common code to restore registers

mmmmmmgeeoeo
e e e
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Access Violation Handling for ADDPx ard -SEP-19 & [(EMULAT.BUGSRCIVAXARITH.MAR;1

gc 230? i
:tj: 6% «1 ; ADD_SUB_BSBW_&
;LJK004 6C .i : An access violation occurred in the subroutine CHECK_WRITE_ACCESS. This
s Lok004 6C .4 ; entry point has two additional longuords. B cop; of the saved R4 and the
.tjgggz g% .5 ; return PC, on the stack on top of the saved register array.
:LJK004LS 6C .9 : 0(RQ) - Saved R4
;LJKOOG 6(C .s : 4(RO) = Return PC in mainline VAXSxxxP4 routine
s LJK004 6C 3 {(RO) = Saved RO
:LJK004S 6c5 .10 : 12(R0) = Saved R1
.LJkggtg gc A1 : etc.
sLJK C A2 :-
s LJIK004 6C A
;LJIK004 6( .14 ADD_SUB_BSBW_&:
:LJIK004S S0 0& O 06C s1 5 ADDL #4,R0 : Skip over saved R4 and drop into ...
:LJK004S 6C .19
:LJKD04S 6C 17 ;¢

OgE 02 ; ADD_SUB_BSBW_0

86( S ; An access violation occurred in one of the subroutine STRIP ZEROS. This

6C ? 3 ontr‘ point has an additional longword, the return PC, on the stack on top

825 : ; of the saved register array.

06C 89 : O(RO) = Return PC in mainline VAXSxxxxxx routine

06C 10 ; 4(RO) = Saved RO

06C 1M1 ; 08(R0O) = Saved R1

06C 15 : etc.

6( 13 ;-

6( 14

06C 15 ADD_SUB_BSBW_0: :

50 96 C0 06C 19 ADDL #4,R0 ; Skip over return PC and ...
F932' 31 06C(B 231 BRW VAXSDECIMAL_ACCVIO : Join common code to restore registers

CCOOOD D e >
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v04§881 Access v1olot1on Handl*ng for MULP and D -SEP-1936 AO:zksz EMULAT .BUGSRCIVAXARITH.MAR; 1 - (23)
SUBTITLE Access Violation Handling for MULP and DIVP

5 Functional Description:

The only difference auon' the various entry points is the number of
longwords on the stack. RO is advanced bo¥ond these longwords to point
to the List of saved registers. These registers are then restored,
effectively backing the routine up to its initial state.

Input Parameters:
RO = Address of top of stack when access violation occurred
See specific entry points for details

Output Parameters:

See input parameter List for VAXSDECIMAL_ACCVIO in module VAXSASHP

*

e S S S 4274
alisnilslisisisizslisizsisislalislislislslisia’alslialsa’alsnlinlis]

AOMMMMMMMMM MMM MM MM MM MMM MmMMmMmMmmTmTm

00O N0 N8~ LN = O O 00 N0 WV 8 i) = © O 00 O NS i) — OO 00 NOM N 8~

& : MULP_RS
42 : An access violation occurred while MULP was accessing one of its two source
43 ; strings. In this particular case, MULP was storing the longer of the two
44 ; input strings in a Longword array on the top of the stack. There is an
06C 45 ; array of R8 longwords on top of an array of 32 longwords on top of the
825 2 ; saved register array.
06E 2 ; R8 = Number of Longwords on top of the 32-longword array
C 50
E ) .ENABLE LOCAL _BLOCK
C § MULP_RS:
S0 6048 DE 06C MOVAL (RO)CR8],RO ; Discard input array storage
06 N g‘ ) BRE 108 ; Might as well share a Little code
Dé .t
g: E : MULP_AT_SP
D& 6? : An access violation occurred while MULP was accessing one of its two source
D& : strings. In this case, the access violation occurred in the middle of the
D& i 3 grond multiply lo?p as 3 digit pair was being retrieved_from the shorter of
D& ; the two input strings. The address of the start of the 32-longword array
g: 6; : was itself s. red on top of the stack for convenience.
D4 : O(RQ) - Saved byte count of Longer input string
D& 3 4(RO) = Saved addrogs of longer input string
0: 3 8(RO) - Address of 32-longword array farther down the stack
‘ L
D4 MULP_AT_SP:
5 [ 0 & MOVL 8(RO) RO ; Locate start of 32-longword array
50 00 S §§ D8 108: MOVAB  <<4*33> + <4*2>>(R0),R0 : Throw that away, too i
F920° ] BRY VAXSDECIMAL _ACCVIO ; Join common code to restore registers

CEEEC R R R R RLCCSGRARETIICL LT
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.DISABLE LOCAL _BLOCK

~J
~NO~
+

NN~

MULP_DIVP_R9

An access ¥1olation occurred while the final rosult was being stored in the
result string. In this common exit code path, R9 counts the number of
Llongwords on the stack. In all cases wnere an sccoss violation can occur, a
longword has been removed from the stack but R9 has not yet been
decremented to reflect this. The cancoptual instruction sequence that
resets the stack pointer (really RO) to point to the start of the saved
register array is

DECL R9
MOVAL  (RO)CR9]

A single instruction accomplishes this.

= d
oo

ES NN = OO 00 NO N S L) = O O

AR LA LA T PR T P T T T P T T T TR IR R TR TR TR TR T L

R9 = One more than the number of Longwords on the stack on top
of the saved register array.

MMMMMMmMMMM MMM MMM MmMMmMmMmMmm

0080

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

An access violation occurred in the common exit path after the scratch array
had been removed from the stack but before the saved descriptor for the
multiplier string was discarded.

06 98 .

6 99 >

6 400 22-4(RO) =~ Last longword of scratch storage

6 401 22+0(R0) =~ Saved count of dividend or multiplier strin?
6 40 22+4(R0) = Saved address of dividend or multiplier string
[.) 40 22+8(R0) = Saved R

6 22+12(R0) - Saved R1

6 405 etc.

06 4 ?
86 4 where 22 = 4 * (R9 = 1)

6 4 3 -
06 40
06 10 MULP_DIVP_R9:
S0 04 A049 gE 06 1 MOVAL 4 (RO)CR9],RO ; Discard s:ratch storage on stack
F918' 1 82 } BRW VAXSDECIMAL _ACCVIO ; Join common code to restore registers

86 14 ;:+

6 1 MULP_DIVP_8
06 1
06 1

6 1

1

O VNS NN =O

mmmmmmmmmmmmmmmmmmmmmmmmmmrnmmmm

Laalagls Lo 1o le de de de Do 1o de te -l To 1o le de 1o 1 i lelelelelelelelelelelelelalalalalelalalelelalalelalalelelalalelalatateta)
s
L=
r

Y 0 ' 4 9 ' 4 9 0 Y ¥ ¥ '

1 0(RO) = Saved count of dividend or multiplier strin?
6 g 4(RO) = Saved address of dividend or multiplier string
6 8(RO) =~ Saved R
4 12(RO) = Saved R1
; etc.
s MULP_DIVP_8:
50 08 SO 6E ABDL #8,R0 ; Discard multiplier string descriptor
F912' $N §2E ? BRW VAXSDECIMAL_ACCVIO ; Join common code to restore registers
6E 2 ;¢
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MULP_BSBW_
DIVP_BSBW_

An access violation ociurrod in one of the subroutine STRIP_ZEROS. This
ontr‘ point has an additional longword, the return PC, on the stack on top
of the saved register array.

o~
(V. V"]

A IR TE TR PR DA TE PR TR TR T T

0(RO) = Return PC in mainline VAXSMULP or VAXSDIVP routine
X3 4(RO) = Saved RO
44 8(RO) = Saved R1
Lt etc.
448 *°
46 HULP_BSBU_S:
447 DIVP_BSBW 0:
S0 04 (€O :23 ABDL #4,R0 ; Skip over return PC and drop into ...

450 ;+

6 4 ? : DIVP_O

§§ : ; ; MULP_DIVP_O
4356 ; There was nothing allccated on the stack other than the saved register
455 ; array when the access violation occurred. We merely pass control to common
2;9 : code to restore the registers.
‘53 : 80(R ) = Saved RO
459 ; 4(RO) = Saved R1
460 ; etc.
i
6 VP_0:
464 MULP_DIVP_0:
22; R VAXSDECIMAL _ACCVIO ; Join common code to restore registers
&67 ;¢
46 DIVP_R6_R7

An access violation occurred while one of the two input strings was being
converted to an array of longwords on the stack. The state of the stack
is rather conglicatod but R6 and R7 contain enough information to allow
the rest of the stack contents to be ignored.

R? = Count of longwords in quotient array on stack
R7 = Address of quotient array on stack

00(RO) - First Longwora of quotient array

224 (
22+0¢(

:8 Last longword of scratch storage
2104(a8

R

(R

D;ait count of dividend string
Address of dividend string
Saved RO

) = Saved R

22+8(
22412
etc.

)
1
)
)
0

W

mTTTTTTT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T NMMMMmMMmMMmMMmMMmMMmMMmMMmMMmMMmMMmMmIMmImMm

BBl rrPtdad e e i BTN MMMMMMM MMM
&~
o (I A T L LA TR TR TR TR T TR
22 5

where 22 = & * Ré
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Fé
Fé& 68? DIVP_R6_R7:
50 08 A746 g% Fé i “MOVAL  B(R7)(R6].RO : Discard ovorything on stack
F904" :g 234 Bl VAXSDEC IMAL _ACCVIO : Join common code to restore registers
:E 495 END_MARK_POINT
FC

8 END
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VAXSDECIMAL _ARITHMETIC
Symbol table

...PCO..

. ROPRAND. . .
ADDP&_B_DEL TA_PC
ADDP6 "B DELTAPC
ADD_PRCRED
ADD_PACKED_BYTE_R6
ADDPACKED "BYTE " y tr

R
1
ADD_SUBTRACT _EXT

AD

7
NG

o
m

< 4alalalalala)

Dlsao
-

OO0 O00
:ﬁz:gun—h-ﬂ"ﬂﬂ‘
"1#5

IING JWLTIPLY
| IA%LE _BASE

END
MULP_AT_SP
MULPBSBY 0
MULPTB oetrA PC
MULPDTVP_
MULP-DIVP.
MULP” o‘vr “R9
MULP

HULIIPLV DIVIDE _EXIT
MULTIPLY_STRING™

irﬂﬂNDCP
r
"““!h.
L I -

T

NT DIGI
SRMSK_FLY DIV
STORE _RESOLT
SUBP&_B_DELTA
SUBP6 B DELT
SUBTRACY PACK
SUB_PACKED_B
sua rncx;o #

V DP4
VAXSADDP6

R6_R7

T
PC
“PC
€
E_STRING

s
Eo

Y1

YT

10 BINAR; TABLE
EROS_R2_R3
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tRRERRRY
LA A A dd ]
tRRREREY
LA 22 d2]]]
TRtk RReY

02

000 OO00O0O00OOOOO OO0OOOCOOO
RSN NRNNOOCOOONIN  NIRINIRININININ

OO0OO0O0000 O000

(VLN NN NN N

-SEP-1984

VAXSADD_PACKED_BYTE_R6_R7
VAXSDECTMAL _ACTVIO
VAXSDECIMALZEXIT

VAXSMULP
VAXSREFLECT _TRAP
VAXSROPRAND ™
VAXS$SUBP4
VAXS$SUBP6

a 2 g‘ AX/VMS Macro Y04-00
0:44: EMULAT .BUGSRCIVAXARITH.MAR; 1
00000170 RG

LA A Al ]d ]
LA A2 2] ]
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LAA Al d] ]

80000000 Re

e 3

—

R R R R R R R R R R R R R R R R R R R R R R R R R R R RRRRRRRRRUILAAVAVVR I <




K1
VAXSDECIMAL _ARITHMETIC = VAX=11 Packed Decimal Arithmetic Instr g-JAN-19SS &7:27:?1 AX/VMS Macro V04=00 39
Psect synopSis =SEP=1984 00:44:34 ([EMULAT.BUGSRCIVAXARITH.MAR; 1 2%

Preconmrcoman e =

! Psect synopsis !

......... e e=es$

PSECT name Allocation PSECT No. Attributes
. ABS . ( o) ? ? «) NOPIC USR CON ABS LCL NOSHR NOEXE NORD NOWRT NOVEC BYTE
$ABSS ( o NOPIC WUSR CON ABS LCL NOSHR EXE RD WRT NOVEC BYTE
VAXSCODE FC ( 1788.) ( PIC USR CON REL LCL SHR EXE RD NOWRT NOVEC LONG
C_TABLE 26 ( of ( .) PIC USR CON REL LCL SHR NOEXE RD NOWRT NOVEC BYTE
HARDLER_TABLE & ( &.) 064 ( &.) PIC USR CON REL LCL SHR NOEXE RD NOWRT NOVEC BYTE
L L L L -
i Performance indicators i
Phase Page faults CPU Time Elapsed Time
Initialization 75 :00:00.20 80:00:8;.;6
Command processing 79 :00:00.4 0:00:08. ;
glss l - . 241 :00:09. 2 °: :140.
ymbol table sor : :00:02.
Pass 2 39 :00: 33 0:88: .16
Symbol table output :00:00.0 0:00:00.
Psect synopsis output : 8: .04 :88: .
(ross-reference output g .gs 0: =g0.
Assembler run totals 78 . 0:01:21.56

5 working set Limit was 1!00 paro

74 bytes_(103 pages) of virtual memory were used to buffer tho intermediate code.

thoro were 20 pages of symbol table spoco allocatsg to hold 184 non=-local and 116 Llocal symbols.
646 source Lines were read in Pass 1 oducin object records in Pass 2.

3 pages of virtual memory were used to dofinc macros.

+ cscsccew 'Y
i Macro Library statistics i
Macro Library name Macros defined
thS$OUA13 EEHULAY OOJJVAXHACRog.HLB 1 12
$25580UA1 SVSLIBJS!ARLtt MLB; 8
TOTALS (all Libraries) 1

318 GETS were required to define 18 macros.
There were no errors, warnings or information messages.
MACRO/LIS=LISS:VAXARITH/0BJ=0BJS:VAXAR]TH MSRCS: VAXARI TH/UPDATE = (BUGS : VAXARI TH) +L IBS : VAXMACROS/L 1B
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