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= Emulate floating=-point instruct?ons

DECLARATIONS

VAXSOPCDEC

Mask of onulated opcodes
VAXSSEMULATE _F

EMULATOR

DISPATCH_1BYTE

DISPATCH 2BYTE

NORMAL EXRIT

INSTRU!TION TYPES
TEST_FRAME

COND HANDLER

Instruction Emulation Routines
STORE _OPERAND
MULTIPLY_FLOAT

HULTIPLV FFLOAT
HULTIPLY DGFLOAT
MULTIPLY HFLOAT
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JTITLE VAXSEMULATE_FP - Emulate floating-point instructions |
. IDENT /voa-ogb/ e . |

M AL AAAAAALR ARl ARl iRl Rttt i i 2 e 2220 5

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

THIS SOFTWARE IS FURNISHED UNDER A LICENSE AND MAY BE USED AND COPIED
ONLY IN ACCORDANCE WITH THE TERMS OF SUCH LICENSE AND WITH THE
Egg%USlON OF THE ABOVE COPYRIGHT NOTICE. THIS SOFTWARE OR ANY OTHER
OTHE

LR B 2B 2B I 2R 2 3R I O I OE B I I O I 2 N 2

*
]
*
*
*
]
]
|
ES THEREOF MAY NOT BE PROVIDED OR OTHERWISE MADE AVAILABLE TO ANY  +

R PERSON. NO TITLE TO AND OWNERSHIP OF THE SOFTWARE IS HEREBY  +
TRANSFERRED. .
L

THE INFORMATION IN THIS SOFTWARE IS SUBJECT TO CHANGE WITHOUT NOTICE +
]

*

4

]

]

*

L

AND SHOULD NOT BE CONSTRUED AS A COMMITMENT BY DIGITAL EQUIPMENT
CORPORATION.

DIGITAL ASSUMES NO RESPONS B%

IBILITY FOR THE USE OR RELIABILITY OF ITS
SOFTWARE ON EQUIPMENT WHICH

L
S NOT SUPPLIED BY DIGITAL.

AR AR R R Rt i R it iR R0 R0

LA R LR LR TR IR A TE A IR T A LA AR EA A RE A TE PR TR TN ]

.

s
FACILITY: VMS Executive floating point emulation

ABSTRACT:

Loadable code that emulates F, D, G and H fLoatin? instructions on
any processor. Octaword integer emulation is included.

ENVIRONMENT: Runs at any access mode, AST Reentrant
AUTHOR: Steven B. Lionel, 22-March-1983
Emulation code based on LIBSEMULATE by Derek Zave.

0 MODIFIED BY:
JCW1010 = Jeffrey C, Wiener 21-Aug-1984
Added a missing CLRL REG_R1(FP) instruction to the POLYF emulation.
RNGO009 Rod N. Gamache 164-Aug-1984

Only require a P1 control region on exceptions if the exception
did not occur in kernel mode (i.e. we have to switch stacks), in
the routine VAXSOPCDEC.

JCW1008 Jeffrey (. Wiener 10-Aug-1984
Corrected a BBS instruction in MULTIPLY__FFLOAT. It had referred
to FRACTION1+8(FP). It should have been FRACTION1+12(FP)

LJK0025 Lawrence J. Kenah 8-Mar-1984

SNOMNA S NN = OV 0O NON W B LN = O O 00 NOM WA S N = O O 00 N O N BN AN =2 © 0 00 NON W 85 LN — OO 00~ O I (iR —
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v04-0 ’ ?-SEP-193& 80:43:56 CEMULAT.SRCIFPEMULATE.MAR; 1 ’ (1) VG
Change PRVMOD field in PSL that is in effect while emulator is |

executing so that PROBEs work with correct access mode when the
emulator is used in exec or _supervisor mode. Fix incorrect
register usage in READ_FAULT.

LJKOO1S Lawrence J. Kenah 2-Feb=-1984
Fix error destinations for inaccessible instruction stream or
exception stack. Use G* addressing for SYS.STB symbols.

JCW1005 Jeffrey (. Wiener 11=January=1984

Corrected the discription of the algorithm used to divide unsigned
multiple Length integers. A fix was also added to the associated
code to fix an outstanding DIVG/DIVH bug. The fix checks a '‘carry-
over''., If the ''carry-over” is negative, then the '‘carry-over'' is

2eroed.

SBL1004 Steven B. Lionel 19-0ctober-1983

Fix FLOAT_LONG to properly convert =2+#+32,

SBLL1003 Steven B. Lionel 24=June-1983

Correct '‘emulated opcode'’ check for 2-byte opcodes.

SBL1002 Steven B. Lionel 23-May-1983 |
Add check for no P1 region. 5
SBL1001 Steven B. Lionel 22-March=1983 |

Adapt LIBSEMULATE for integration into the VMS executive.

= =il =il =il =i=l=l=v elelelelelelelelelelele]
bbb =l=lelalol=lelelelalelelaleleleclelaleleslalal
=lelelelaleleleleleleleleleleleleleleclelelelelelelelels]
000000000000 NN NN NNNNNNO OO OO OOV
WIS NN = O 000 NN NS NN = OO 00 NN N B iR = O 0 00
AR TETETE TEFATETETE PE TR TR FE PR PR PR FE PR PR PR PR PR TR TR TR R TR T
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v04-000 i % 8 00:23.45 ! RCIF iyt

oﬁé -SEP=19 EMULAT.SRCIFPEMULATE .MAR; 1 (2) VO
. .SBTTL DECLARATIONS

: LIBRARY MACRO CALLS: |
$SSDEF ; System Status (Codes

>

—3
>»C
X r—
(=leleleleleleleleleleclealelelelelelelele el B

<
m

$PSLDEF : Processor Status Longword definitions |
$PRDEF ; Processor register definitions |
SARCDEF ; Architecture support flag definitions L

 EXTERNAL DECLARATIONS:

=il =d =il =l=l=l=lelelelelaclelalalelelels]
(eli=l=lelalalslslalalsl=sl=lslelelslslslel=]
(=lelelelelelelelelelelelelelelelelelelelele BT

.DSABL L : Force all external symbols to be declared 5
EXTRN EXESSRCHANDLER ; System routine that looks for handlers ;
JEXTRN EXESUNWIND : Unwind exception |
LEXTRN EXESOPCDEC : VMS entry to handle SS$_OPCDEC |
LEXTRN EXESACVIOLAT : VMS entry to handle SS$_ACCVIO l
LEXTRN EXESGL_ARCHFLAG ; Architecture support flags ;
LEXTRN CTLSAL_STACK ; Stack Llimit arrays
LEXTRN CTLSAL_STACKLIM ; Stack Limit arrays .
l
- '
0000 : MACROS: |
0000 : |
0000 |
0000 : !

Macro for Conﬁarin Condition Codes

EQUATED SYMBOLS:
See body of routine

& 8 8 B NN NN AN N N NN N NN N NINONININ) =2 = B b b e b b S O O O O OO O OO O VYV OV VOOV OOV
N = OOV NOWVN S WM = OO0 NO NS N = OV NN W 8 N = OO0 00 NN N 8 N = O 000 NN N B N — OO 00~
-

o
o
o
b e i el e e e e e i el i e e e D D D ) D D il e D il i i il i i e e e e e e il el o D el e i

0000 .MACRO CMPCOND COND,LOC ?
0000 CMPZV #3,#26,L0C,#CONDA-3
8888 .ENDM
0000 } Macro for Loading OP_TYPES with the t ges of the various ogerands.
0000 .MACRO SET _OP_TYPES OP1=F ,0P2=F ,0P3=F ,0P4=F ,0P5=F ,0P6=
0000 .NARG N_ARGS
0000 IF EG N_ARGS=6 : 6 argunents?
0000 nggc #<TYP_"OPS'+<TYP_'0P6'a8>>, OP_TYPES4(FP)
0000 .AF EQ N_ARGS=-5 : 5 arguments?
0000 MOVB  #<TYP_'OP5'>, OP_TYPESA(FP) |
0000 LENDC |
0000 . IF GT N_ARGS=-2 ; more than 2 arguments?
0000 MOVL #<TYP_'0P1'+ -
0000 <TYPZ'OP2'aB>+ =
0000 <TYP_'OP3'alé>+ -
0000 <TYPT'OP&4'@24>>, OP_TYPES(FP)
0000 .ENDC |
0000 AF EQ N_ARGS=-2 : 2 srguments? ;
0000 MOVW I<TYP_'0P1'0<TYP-'OP 'a8>>, OP_TYPES(FP) *
0000 .ENDC '
0000 . IF EQ N_ARGS=1 : 1 argument?
0000 MOVB  #TYPZ'OP1', OP_TYPES(FP)
0000 ENDC
0000 .ENDM
0000
000
00
00
00
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VAXSEMULATE _FP - Emulate floating=point instructions 16-SEP-1984 01:39:42 VAX/VMS Macro V04-00 Page f VA)
v04-000 DECLARATIONS y g-SEP-19gk 80:42:54 !EHULAT.SRCJFPEHULATE.HAR:1 . (g)i VO
§ }g? - IAAAAAARARRAR R 0222022322202 222222%3
3 * * |
15; 3 * . \
8 1% : . Assorted Definitions « F
154 3 * u |
0 155 3 * B E
80 }s$ 3 LAAAAAAARAARRR AR 2 iR 2222222222222 2222222222228 |
000 158 : }
0000 159 : ,
0080 }g? : Parameters
00000028 §§8§ }gi CALL_ARGS = 40 ; flexible stack space (longwords) }
0000 164 : Opcode range Limits
0000 165 : " s
00000040 0000 166 LO_1BYTE = “X40
00000076 0000 167 HIZIBYTE = “X76
00000032 0000 168 LO_%BYTE = “x32
000000FF 0000 169 HI_2BYTE = “XFF
0000 170 :
0000 171 : Operand Area Layout
0000 175 :
00000000 0000 173 ZERO = 0 ; zero indicator (byte)
00000001 0000 174 SIGN = 1 ; sign indicator (byte)
00000004 0000 175 POWER = 4 ; exponent (longword)
00000008 0000 176 FRACTION = 8 ; fraction area (octaword)
00000018 8888 };g OPERAND_SIZE = 24 ; operand area size (bytes) |
8888 };g : Bits in the Processor Status Longword (PSL)
00000000 0000 181 PSL_C = 0 ; carry indicator
00000001 8000 18; PSL_V = 1 ; overflow indicator
0000000 000 183 PSL_Z = % ; zero indicator
0000000 8000 184 PSLN = ; negative indicator
00000004 0000 185 PSL_T = 4 ; trace enable indicator
00000005 0000 186 PSL_IV = 5 ; integer overflow trap enable s
0000 0000 187 PSL_FU = 6 : floating underflow fault enable i
00000018 0000 188 PSL_CAM = 24 ; low bit of current access mode I
00000018 0000 189 PSL_FPD = g? : instruction first part done |
0000001E 0888 }g? PSL_TP = 0 : trace pending indicator |
8000 }gi : Masks for the Processor Status Longword i
0000001 888 194 PSLM_C = 18PSL_C 3 carr; indicator ‘
0000002 080 195 PSLM_V = 1aPSL_V : overflow indicator |
00000004 0000 199 PSLM_Z = 18PSL_Z ; 2ero indicator
80000002 000 197 PSLM_N = 18PSL_N ; negative indicator 3 i
000000 000 198 PSLM_VC = PSLM_U+PSLM C ; overflow and carry indicators |
008 F 8 199 PSLMONZVC = PSLMTVC+PSLM N+PSLM_Z ; condition code
080 ¢ 0 PSLMCNZ = PSLM_N+PSLM 7 : comparison codes
0 s 1 PSLMON2V = PSLM_NZ+PSLA_v ; bits other than carry
000 i PSLM_LSS = PSLM_N : less than condition code
880 4 PSLMTEQL = PSLM_Z : equals condition code
00000 g PSLM_GTR = 0 ; greater than condition code
6 3 Call Frame Layout
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VO‘-SB% DECLARATIONS A g-SEP-19g4 80:43:54 !EHULAT.SRCJFPEHULATE.HAR:1 v (g), vo!
7 :
8 0 §s HANDLER = 0 ; condition handler location
A SAVE_PSW = 4 ; saved processor status word
00006 10 SAVE_MASK = 6 ; register save mask
0 5 11 MASKZALIGN = 14 : bit position of alignment bits
0 1; SAVE_AP = 8 ; user's argument pointer
0 08 15 SAVECFP = 12 ; user's frame pointer
0 1 8 14 SAVE_PC = 16 ; return goint
0000014 15 REG_RO = 0 ; user's RO
00000138 0000 19 REG_R1 = 4 ; user's R
000 18 000 1 REG_R§ = 8 ; user's R
8888 888 13 REG_R3 = 2 ; user's R
[ 19 REG_R4 = 6 ; user's Ré
00800 8 0800 0 REG_RS = 40 : user's RS
0000002C 0000 1 REG_R? = 44 ; user's Ré
00000030 0000 ; REG_R7 = 48 ; user's R7
00000034 0000 REG_R8 = 52 ; user's R8
00000038 0000 & REG_RY = 56 ; user's R9
0000003C 0000 5 REG_R10 = 60 ; user's R10
00000040 0000 6 REG R11 = 64 ; user's R11
00000044 8888 g FRAME_END = 68 ; end of call frame |
8888 3 : Call Frame Extension Layout ;
00000044 0000 31 REG_AP = 68 ; user's AP l
00000048 0000 3; REG_FP = 72 ; user's FP
0000004C 0000 33 REG_SP = F¢ ; user's SP
00000050 0000 34 REG_PC = 80 ; user's P(C
00000054 0000 PSL = 84 ; user's PSL
00000058 0000 LOCAL_END = 88 ; end of Emulater local storage |
00000058 8888 TEMP = 88 ; temporary area for arithmetic |
8888 3 Local Storage Layout
FFEFFFEF 0000 SAVE_ALIGN =  HANDLER=1 ; saved copy of alignment bits |
FFFFFFFE 0000 SAVE_PARCNT =  SAVE_ALIGN=-1 ; saved copy of parameter count ?
FFFFFFFD 8800 MODE = SAVE _PARCNT-1 ; access mode for probes |
FFFFFFFC 08 FLAGS = MODE=1 : indicator flag bits ‘
FFFFFFFB 000 SHORT _LOCAL = FLAGS-1 ; start of short local storage ;
FFFFFFFA 0008 REGMOD_PC = SHORT _LOCAL~1 : changes to user's P(
FFFFFFF9 000 REGMOD_SP = REGMOD_PC-1 : changes to user's SP ;
rrrrrrr; 008 REGMOD_FP = REGMOD_SP-1 : changes to user's FP
FFFFFFF 00 REGMOD_AP = REGMOD_FP-1 ; changes to user's AP
FFFFFFF? 88 REGMOD_R11 = REGMOD_AP-1 ; changes to user's R11
FFFFFFF REGMOD_R10 = REGMOD_R11-1 : changes to user's R10
FFFFFFF& 000 REGMOD_R9Y = REGMOD_R10-1 : changes to user's R9
FFFFFFF% 00 REGHOD-R; = REGMOD_R9~1 : changes to user's Rg |
FFFFFFF 00 REGMOD_R7 = REGMOD_R8-1 ; changes to user's R
FFFFFFF1 00 REGHOD_R? = REGMOD _R7-1 : changes to user's Rg !
FFFFFFFO 00 REGMOD_RS = REGMOD_R6~1 : changes to user's R
FFFFFFEF 8 8 REGMOD_Ré4 = REGMOD_R5~-1 : changes to user's R4
FFFFFFEE REGMOD_R3 = REGMOD _Ré&-1 ; changes to user's R
FFFFFFED REGMOD_RZ2 = REGMOD _R3-1 : changes to user's R
FFFFFFEC REGMOD_R1 = REGMOD _R?2-1 : changes to user's R
FFFFFFE9 REGMOD_RO = REGMOD_R1-1 ; changes to user's RO
FFFFFFE ADDRESS1 = REGMOD “RO- : temporary address area #1
FFFFFFE3 ADDRESS2 = ADDRESS1-4 ; temporary address area #2
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V04~ DECLARATIONS -SEP-1984 00:43:5 EMULAT.SRCIFPEMULATE .MAR; 1 (3) VO
FFFFFFDF & ADDRESS3Y = ADDRESS§-4 ; temporary address area #3
FFFFFFC? S OPERAND1 = ADDRESS5-OPERAND_SIZE ; temporary operand area #1
FFFFFFAF 6 OPERAND§ = OPERAND1-OPERAND_SIZE ; temporary operand area #
FFFFFF97 67 OPERANDS = OPERANDZ-OPERAND_SIZE ; temporary operand area # :
FFFFFF93 8 68 OP_TYPES4 = OPERAND 3-4 ; Four bytes for operand type codes |
FFFFFFBF 00 ? OP_TYPES= OP_TYPES4=4 : Four more bytes for operand tyge codes ;
FFFFFF 088 0 OP_INDEX = OP_TYPES=4 ; Pointer to current byte of OP_TYPES ~
FFFFFF8B 80 ;1 LOCAL_START =  OPCINDEX ; start of Emulator local storage |
8888 ;g : Indicator Bit Numbers |
88888880 88§ 75 FLAGD = 0 : inhibit local store check |
1 7? FLAG1 = 1 ; register mode operand
0000000§ 808 7 FLAGi = g : (not assigned)
0000000 0 78 FLAG = : (not assigned)
00000004 0000 79 FLAGG = 4 : (not assigned)
00000005 8000 30 FLAGS = 5 ; (not assigned)
00000009 000 1 FLAG6 = 6 : (not assigned)
0000000 8888 g; FLAG? = 7 . temporary use
8838 3; ; Indicator Bit Masks
00000001 0000 286 FLAGOM = 130 ; inhibit Local store check |
00000002 0000 87 FLAGIMN = 131 ; register mode operand ,
00000004 0000 88 FLAGZM = 13% ; (not assigned)
00000008 8000 89 FLAGIM = 19 ; (not assigned)
0000010 0000 90 FLAG4M = 184 ; (not assigned)
0000020 0000 91 FLAGSM = 185 ; (not assigned)
00000040 0000 9; FLAG6M = 196 ; (not assigned)
00000080 8888 3‘ FLAG7TM = 187 . temporary use
0888 235 ; Fields in the Operand Areas
FFFFFFC7 8000 97 ZERO1 = OPERAND1+ZERO ; zero flag of OPERAND1 |
FFFFFFAF 0000 98 lERO% = OPERAND2+ZERO ; zero flag of OPERAND |
FFFFFF97 0000 99 ZERO = OPERAND3+ZERO ; zero flla of OPERAND |
FFFFFFC8 0000 00 SIGN1 = OPERAND1+SIGN ; sign of OPERAND1 |
FFFFFFBO ogoo 01 sxsni z OPERAND2+S1GN : sign of OPERAND l
FFFFFF98 8 00 0; SIGN = OPERANDS+SIGN ; sign of OPERAND
FFFFFFCS 000 03 POWERY = OPERAND1+POWER ; exponent of OPERAND1
FFFFFFB 0080 04 POHER; = OPERAND2+POWER ; exponent of OPERAND l
FFFFFF9B 80 0 305 POWERS = OPERAND 3+POWER ; exponent of OPERAND
FFFFFFCF 00 0? FRACTIONT = OPERAND1+FRACTION ; fraction of OPERAND1
FFFFFFS? §8 8 FRACYIONi = OPERAND2+FRACTION ; fraction of QOPERAND
FFFFFFOF 03 FRACTIONS = OPERANDS+FRACTION ; fraction of OPERAND
§80 }? ; Access Type Code Definitions
00 08 1 080 1§ TYPE_READ = 1 ; read only access
0000 §§ 008 13 TYPEWRITE = § ; write only access
00000 08 14 TYPE_MODIFY = ; modify access
000004 8 0 }S TYPE_ADDRESS = & . address access
§§§ }; : Data Type Code Definitions
00000001 19 TYPB = 1 ; byte
00080002 8 20 TYPCW s 2 : word
s R
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.SUBTITLE VAXSOPCDEC
Functional Description:

< |
>
o3
ocCc
Vr—
(al J
O
moe

b

NN
OO0

This routine is entered in kernel mode through the SCB vector for
the OPCDEC exception. It determines if the instruction that caused
the fault is one supported by this emulator. If so, the rest of the
emulation is carried out by an instruction-specific routine. If not,
control is transferred to the OPCDEC handler that is a part of the
VMS executive to allow normal exception dispatching to take place.

Input Parameters:

0(SP) = PC of faulting instruction
4(SP) = PSL at the time of the fault

Output Parameters:

The real output from this routine is the routine to which control [
is passed, namely the routine that handles each separate instruction. |

IR T A LA TR TETE A TE A PR A FEA PR FE PR PR PR T

0000 .PSECT VAXSFPE_NONPAGED PIC, USR, CON, REL, LCL, SHR,-
EXE, RD, NOWRT, QUAD

.ALIGN QUAD
VAXSOPCDEC::
Mova RO, =(SP) ; Save RO and R1

; It is not clear whether the following PROBER is necgssar;. One approach is
: that an inaccessible opcode would cause an access violation rather than
; a reserved instruction exception.

MOVL 8(SP), RO : RO contains the PC of the instruction
IFNORD #1, (RO), 158 ; Insure that opcode can be read

MOVZBL (R6)0‘ ri ; Get first opcode byte, increment 'PC
BBC R1, W*OP_MASK_1BYTE, 908; Test for opcode not emulated

CMPB  R1, #*XFD : Is it _a two-byte opcode?

BNEQ 10§ : Skip if not

IFNORD #1, (RO), 15% ; Can second byte be read?
MOvZBL (RO), R : Fetch second byte

BBC R1, W OP_MASK_2BYTE, 90$:

ol i
Now the kernel stack looks as follows:

00(SP) Saved RO

8L(SP) Saved R >
g(SP) PC of instruction
12(SP)

PSL of instruction
Switch stacks to that of the exception, push onto that stack the PC/PSL.
Push the PSL with T, TP and FPD bits c[ear. the addres; of

EMULATE_FP, and then REl to EMULATE_FP.

bt lwlelelelelelelelelelels]

wm.. .. "

50 08 AE

o
o

74 00 31
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owv
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-
MmO —=O0Mo

51
SF 00CS'CF Test for opcode not emulated
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B 95
51 OC AE 02 18 %F B 99 108: EXTZV  #PSLSV_CURMOD,#PSLSS_CURMOD,12(SP),R1 ; Get previous mode
S 3 ; 9 BEQL 20% ; Br if kernel, no stack change needed
98 IFNORD #4 ,G*CTLSAL_STACK,908 ; Is there a control region?
03D 99 ; Br if not, handle as a real exception
030 400 ASSUME PSLSC_KERNEL EQ 0
D 401 ASSUME PRS_ESP EQ PSLSC_EXEC
03D 40§ ASSUME PRS_SSP EQ PSLSC_SUPER
OgD 40 ASSUME PRS_USP EQ PSLSC_USER
50 51 o0B 003D 404 MFPR R1,°R ; Get address of stack of excpt mode
040 405 IFNOWRT #8, =8(R0), 40$ ; Br if cannot copy to excpt mode stk
00000000'GF&41 5 D1 0047 48? CMPL R8 G*CTLSAL_STACKLR1] ; Top address of stack in range?
42 1A 004F & BGTRU  40$ : If GTRU no.
S0 0 €2 0051 408 SUBL #8, RO ; Get new low stack address
51 03 D1 0054 409 CMPL  #PSLSC_USER,R1 : Previous mode user?
0A 13 0057 410 BEQL 12% : 1f EQL yes.
00000000'GF41 50 D1 0059 &N CMPL RO,G*CTLSAL_STACKLIMLR1]; Bottom address of stack in range?
30 1F 0061 41; BLSSU  40% : If LSSU no.
60 08 AE 70 0063 413 12%: MOva 8(SP), (RO) s Push PC/PSL
51 50 DA 0067 414 MTPR RO, R{ ; Set stack pointer to new value
0C AE 48000010 8F CA 006A 415 BICL2  W#<PSLSM_TP!PSLSM_TBIT!PSLSM FPD>,12(SP) ; Clear bits in PSL
0C AE 02 16 5 FO 007% 416 INSV R1,#PSLSV_PRVMOD,#PSLS$S PRVHOD.12(SP) ; Set PRVMOD = CURMOD
08 AE 0000°'CF 9 007 417 MOVAB  WAVAXSSEMOLATE_FP, 8(SPY; Set entry address
S0 B8E 7D O007E 418 MovaQ (SP)+, RO ; Pop saved RO and
02 8831 218 REI ; Jump to EMULATE_FP
OF 11 008 4%1 15%: BRB 40% ; Chain branch for ACCVIO test
0084 625
0084 4% it
0084 424 ; We come here if the previous mode is kernel, since we don't need to
0084 425 ; switch modes.
0084 4%6 3=
0084 427
50 BE 7D 0084 428 208: Mova (SP)+, RO : Pop saved RO and R1
FF76' 31 883{ 2 g BRW VAXSSEMULATE_FP : Emulate the instruction
00BA 431 ;+ ;
008A 63§ ; If we don't handle the instruction, remove the things we Bushed on the
Q0BA 433 ; stack and jump to the EXECPTION code that handles S5$_OPCDEC
00BA 434 ;-
00BA 435
50 BE 7D O008A 436 90S8: Mova (SP)+, RO : Restore RO-R1
00000000°GF 17 0333 2 7 JMP G*EXESOPCDEC : Reflect exception
§09 & 3 : 1f a PROBE of an outer access mode fails, then the exception is reported |
09% 440 ; as an access violation rather than as a reserved instruction. This allows
09 441 ; the stack expansion lo?ic and other such things to be invoked without this
83% 22§ ; emulator worrying about such things.
7E 6E 7D 0093 444 40%: MOva (SP), =(SP) : Move saved RO-RI
0C AE 50 0 0096 445 MOVL RO,12(SP) ; Store inaccessible stack address |
S0 B8t ogs 44t MOV@  (SP)+,RO ; Restore RO-R1
§9D 643 : Note that the access violation mask generated here (always zero) is not ,
ogg 2;0 ; correct for the extremely rare case of an inaccessible exception stack.
6E D& 009D 451 CLRL (SP) : Set mask to indicate a read
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00000000°'GF 17 882; 2;; JMP G*EXESACVIOLAT ; Pass control to VMS handler
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V04~

A bh G LA b b G L T T T T Ty T
—MNNO DO W —MINNO DO W
PSSR 0000
(=l=lelelelelela) (=l
ONTOOCLW O

"ata*e *atetatars

(second byte index)
0
0
0
0

(including FD)

[=lelel d d=lolele] (=lelel J gd=lelele]

2BYTE are 256-bit bitmasks with
opcodes of instructions that

1 o lelel dgelelele] WOOrr—O0000
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VAXSS

OO0 o

VAXSSEMULATE_FP - Emulator Entrance
entered by branching

parameters 0(SP) Instruction PC
4(SP) Instruction PSL

mmmmmmmmmm

Discussion

This routine provides a simple method of activating the
Emulator. The PC and PSL for the instruction being emulated
are pushed onto the stack and the routine is entered. The
routine simply allocates the simulated user stack space for
the Emulator and calls the emulation procedure.

Notes: 1. The FPD bit ma‘ be set in the pushed PSL. This
bit will only be interpreted during the emulation
of the POLYx instructions where it is
interpreted as described in the VAX System
Reference Manual.

(olelelelelelelelelelelalel=l=l=lelelaclelelel=T,

COO0O0OO0OO0OVOO0OO0O0O0OOO0O0O0O0O0O0O

AE R TR TR PR FEFELETE PEFETENTE A TEREFETETE FE TR PR PR X

0000 .PSECT VAXSFPE_PAGED  PIC, USR, CON, REL, LCL, SHR,-

EXE, RD,; NOWRT, QUAD

VAXSSEMULATE FP::

MOVAB  =4*<CALL A
CALLS  #CALL_ARGS
JMP G*EXESOPCD

R
E

SE FF68 CE 9E 6S=2>(SP),SP ; allocate the parameter block
OF "AF 28 F B*EMULATOR call the Emulator
00000000 GF 17 C shouldn't return here -

indicate OPCDEC as fallback

Se %o %o e

el el lelelelele VIV IV IV [V IV IV [V IV IV IV IV W IV IV IV IV IV IV IV IV IV IV IV IV IV ]
i e e h e i e e e =B O O OO OO OO OO VOV OVOVO VOV OVOOVOVOOooEm W
VONO WS NN = OV NO NS NN = OV N NS IR = OV~ O

OCOO0OOCOoCOoOoOMMMMMMMMMmMMmMMmmMmmMmmMmmMmm

===l =l=l=l=l=l=]=]
(=lelelel=l=lelelelel=]
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v04-533 EMULA ’ g-SEP-19gk 80:43:54 xEHULAT.SRCJFPEHULATE.HAR;1 v (7) | VO
LSBTTL EMULATOR %
EMULATOR = Start Instruction Emulation
parameters: ( Described Below )
Discussion

This routine initializes the Emulator, processes the
instruction code, and passes control to the anropriate
instruction emulation routine. The parameter list consists of
CALL_ARGS longwords of which only the lLast two have any
meaning. These farameters are the PC and PSL for the emulation. :
The gosition following the parameter List is the i
user's stack pointer. The area covered by the parameter list f
is used to emulate the top of the user's stack. .

When the routine is entered the CALLS instruction saves |
the user's registers RO to R11 in order and saves AP and FP |
elsewhere in the frame. The routine extends the saved |

=lelelelelelelelelelelelelciclalelelal=I-T0 1
IMTTTTTT T TTT TR TMTI T T T TR TR T AT

OF registers by saving the user's AP, FP, SP, PC, and PSL after

000F the saved register area (the last two are taken from the

888: parameter List).
000F The local storage is allocated by extending the stack and

000F the register modification bytes are cleared (these bytes
000F record small changes to the register values). The cell MODE

is set equal to the _current access mode for use in probing

000F memory references. The alignment bhits in the call frame and
000F the call parameter count are also saved so there is a safe
888: copies to use when processing unwinds.
000F Notes: 1. From the description of the ua¥ the simulated
000F register area is constructed, 1t is clear that ,
000F the length longword of the parameter list is |
000F overwritten. AlL of the methods of Leaving the ;
000F Emulator put this longword back together. The
000F internal condition handler does this if it
888: detects an unwind.
000F 2. Here are some more details on the register change
000F b‘tes: Until the very end of instruction processing

00F when the results ar: output, all of the changes

00F which occur to the registers are caused by adding
Q00F or subtracti..;, smail values to or from a register.

These changes are also recorded in a corresponding
register ¢ on?o byte so the register .‘l be
restored to its or'ginal value if a fault occurs.
Those instructions that save results in the
registers in order to be interruptable, use the FPD
bit in the PSL to indicate that this has been done
so different logic should be used for restarting
the instruction after a fault. In this case the
change bytes should be cleared when FPD is set
except for the one for PC.

o
o
o
=y
VIV AT AT AT T T T AT WA T T T AT A WUV WU WA U U U WA U AU T AWV

NNNNNNNNOOOOOONONO OO IV SN 85 85 55 85 35 8 85 5 5 NN N NN
NOWN SN = OV 00 NS AN = O 000 NN N AN = O N0 00 O N 8 N = © O 00 N O W8S N) = OO0 00 O W 8~ iy —

LER R PR PR R A R P R R P I L P R P L R L A A PR A P PR A PR P FE PR TR R PR PR P TR PR PR PR P PR T P PR T Y T T TR T
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t
R
OF 7 s 3. The location of the instruction being emulated is
8F 7 ; stored in the return PC for the Emulator's frame
F 0 : so it may be easily located from the traceback
08: 1 3 report if the Emulator blows up.
08F i EMULATOR: : _entrance
QFFF  00OF 4 .WORD  “M<RO,R1,R2,R3,R4,RS5,R6,R7,R8,R9,R10,R11> ; entry mask
SE 88 AD 9 8011 5 MOVAB  LOCAL_START(FPJ,SP ; allocate 659 local storage
50 06 AD 02 0 F 0015 586 EXTZV  #MASK-ALIGN,#2,SAVE_MASK{FP),R0 ; RO = alignment bits
FFAD 5 0 0018 g 7 MOVB  RO,SAVE ALIGN(FP) : save them
FE AD 28 90 O0O01F 8 MOVB #CALL AHGS.SAVE-PARCNT(F}) : save the parameter count
Fs AD 94 8 3 9 CLRB FLAGSTFP) : clear the flag bits
60 0357'CF 9E 6 0 MOVAB  W*COND_MANDLER,HANDLER(FP) ; set up the condition handler
EB AD 7C 0028 91 CLRQ REGMOD_RO(FP) ; clear register modification bytes
FS AD 7C O0QO02E S9§ CLRQ REGMOD "RB(FP) ; clear register modification bytes
& AD OB AD 7D 0031 59 mMova SAVE_AP(FP) ,REG_AP(FP) ; move user's AP and FP into place
4&C AD 00A4 CC 9E 0036 §94 MOVAB 4'<ClLL_ARG§01>TAP).REG_§P(FP) ; move user's SP into place
50 AD 009C CC 7D 003C 95 MOvaQ &*<CALL ARSS-D(AP).REG_PC(FP) ; move PC and PSL into place
SO S&4 AD 02 18 EF 004% 596 EXTZV  #PSL_CAM,#2,PSL(FP),R0 ~; RO = user's access mode
FDAD S0 90 0048 597 MOVB  RO,MODE (FP) : save it for probes
58 S0 AD DO 004C 598 MOVL  REG_PC(FP),R11 : get instruction PC
10 AD. 58 DO 0050 599 MOVL R11,SAVE_PC(FP) : save PC in the return PC
88 AD _B8F AD 9E 0054 600 MOVAB OP_TYPESTFP), OP_INDEX(FP); Initialize ptr to operand type codes
SO 88 9A 0059 601 MOVZBL (RT1)+,RO ; get first opcode byte
AD D6 005C 60% INCL REG _PC(FP) ; increment emulated PC
FA AD D6 O0O0SF 60 INCL REGMOD_PC(FP) ; remember the increment
05 54 AD 04 El 006; 604 BBC #PSL_T,PSL(FP),108 ; check for T=bit
00 54 AD 1E E2 0067 605 BBSS_  #PSL_TP,PSL(FPJ,108 : set TP if T set
56 AD 02 CA 006C 606 10s: BICL2 #PSLM v, PSL(FP) ; clear the V bit in the PSL
FO 8F 50 91 0070 607 CMPB RO, #*RFD ; two-byte instruction?
0C 12 0074 608 BNEQ  DISPATCH_1BYTE : skip 1f not
SO 88 9A 0076 609 MovZBL (R11)+,R0 : ?ot next opcode byte
50 AD D6 0079 610 INCL REG_PC(FP) ; increment emulated PC
FAAD D6 007C 61 INCL REGMOD PC(FP) ; remember the increment
0076 31 007F 612 BRW DISPATCH_2BYTE ; execute 2-byte opcode
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VO’a-SOO DISPATCH_1BYTE . g -SEP-1 g 80:‘2:54 EMULAT.SR J PEMULATE .MAR; 1 v (g) VO
g g;g .SBTTL DISPATCH_1BYTE
6] :
8 g}? : DISPATCH_1BYTE - Branch to emulation routine for 1-byte opcode
8 gl§ H entered by branching
0 621 ; RO contains opcode
0 6 ; 3 2
0 ()
0 624 DISPATCH _1BYTE:
36 40 8F 50 F 8 2 S CASEB RO, #*X40, < XT76=-"X40> ; from ADDF2 through CVTDF
og Fe 6 18: .WORD  INST_ oof§-1s : 40 ADDF
038" 859 627 .WORD INST_ADDF 3-1$% : 41 ADDF
0D94* B 628 .WORD  INST_SUBFZ2-1$ $ ki SUBF
ODDO' 008D 629 .WORD  INST_SUBF3-1$% . 4 SUBF
097C*' QO08F 630 .WORD INST_HULF§-1$ : &4 MULF
0985' 0091 631 .WORD  INST-MULF3-1$ ;45 MULF
86 6' 8093 63§ .WORD lNST_DIVFi-IS s & DIVF
63F' 0095 63 .WORD INST_DIVF3-1$ . & DIVF
Q4BF' 0097 634 .WORD NST_CVTFB=-1$ ; 48 CVTFB
Q4DF* 8099 635 .WORD NST_CVTFW=-1$ ; 49 CVTFW
Q4FF' 0098 636 .WORD INST_CVTFL-1$ : GA CVTFL
05C7* 009D 637 .WORD NST_CVTRFL=-1$ ; 4B CVTRFL
0441' 009F 638 .WORD NST_CVTBF-1$ ;s &C CVTBF
0461°' 00A1 639 .WORD INST_CVTWF-1$ : 4D CVTWF
0481' Q00A3 640 .WORD  INST_CVTLF-1$% s &E CVTLF
0301* 00AS 641 .WORD INST_ACBF-1$ : &F ACBF
090F " Q0A7 66§ .WORD INST_MOVF-1$ : 50 MOVF
040A" Q00A9 64 .WORD INST_CMPF-1$ : N CMPF
0888' 00AB 644 .WORD INST_MNEGF-1$ 3 5§ MNE GF
QEOF* 00AD 645 .UORD INST_TSTF=-1$ : 3 TSTF
0678° OOAF 646 .WORD  INST_EMODF-1$ : 564 EMODF |
09F1* 0081 647 .WORD INST_POLYF-1$ : 3% POLYF i
0559' 00B3 648 .WORD INSTCCVTFD-1$ : 56 CVTFD :
006E* 00BS 649 .WORD 10%-T$ : 3
006E* 00B7 650 .WORD 10%-1% ; 58 ADAW!
006E* 00B9 651 .WORD  10%-1$ 3 39
006E* 8088 6S§ .WORD 10%-1% : SA
006E*' 00BD 65 .WORD 10%-1$% : 9B
O6E*' O00BF 654 .WORD 10%-1% 3 3 INSQH]
006E* 80(1 655 .WORD 10%-1% : SD INSQT]
06E* 00C 656 .WORD 10%-1% - REMQH]
823;' 8( 657 LWORD 10%-1% : SF REMQTI
" C 658 .WORD  INST ADDD§-1$ ; 60 ADDD
3BE' 00C9 659 .WORD INST_ADDD3-1% ;s 61 ADDD
D9A' 00CB 660 .WORD NST_SUBDZ2-1$ : 6§ SuUBD
0pD6' 00CD 661 .WORD NST_SUBD3-1$ : & SUBD
898 * Q0CF 66§ .WORD NST_MULDZ2-1$% . 64 MULD
933' 0D1 66 .WORD  INST MULD3-1$ P65  MULD
86 g' 0D 664 .WORD NST_DIVDZ2-1$% : 66 DIVD
645" 00D 665 .WORD NST_DIVD3-1$% : 67 DIVD
4C7°* D 66 .WORD NST_CVTDB-1$% ; 68 CviDB
687' D9 66 .WORD [NST_CVTDW-1$% : 69 CVTDW
507 DB 668 -WORD [NST_CVTDL=-1$ : 6A CVIDL
OSCF* 8DD 669 .WORD NST_CVTIRDL-1$ ; 6B CVIRDL
0449° DF 670 .WORD  INST_CVTBD-1% ;s 6C CVIBD
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NORMAL _EXIT = Normal End of Instruction Emulation
entered by branching
no parameters

Discussion

This routine restores control to the user program whenever f
the emulation ends without causing an exception. First the V
and IV bits in the user's PSL are checked. If they are both
set then an integer overflow trap is signaled. When the
Emulator returns, all of the registers, PC, and the PSL are
set to the emulated values.

000000 00000000~~~

The method of loaving the Emulator consists of pushing the
user's PC and PSL onto the user's stack putting the saved AP
and FP back in their proper places in the frame and performing
the indicated adjustment so that when a RET instruction is
executed all of the registers up to FP will be restored and
the stack pointer will be positioned to the PC, PSL pair.

At this point, a speed optimization is performed. If the
next instruction is also one we emulate, then we can bypass the
overhead for the reserved opcode fault and exception
disratching by merely loopin? back to the beg1nning of the
emulator. After the RET restores all registers, the stack
contains the PC/PSL pair for the next instruction. The PSL is
examined to see if che T-bit is set. If so, we can't do the
optimization. If T is clear, we then examine the next opcode.
If it is one which we emulate, a branch is made to EMULATES
to begin emulation of the next instruction. Note that the
“arguments'' to EMULATES, a PC/PSL pair, are already in place!

AL A REA TR TEPETEATETETEFE PR TETE PE PR PR FE PR PR PEFE FE PR FE PR PR TR TR R TR TN TR TN T TN

If the optimization can not be performed, an REl is executed
which restores the PC and PSL for the next instruction.

NORMAL _EXIT: . entrance
08 S¢ AD 01 E1 BBC #PSL_V,PSL(FP),1$ : no integer overflow - bypass
03 56 AD 05 1 BBC #PSL”IV,PSL(FPS,1$ : no integer overflow trap - skip
1AF9 1 BRW INT_OVERFLOW ; process the integer overflow trap
SE _FB AD 1% MOVAB  SHORT_LOCAL(FP),SP ; shorten the frame
50 08 g MOVL #8,R0 : RO = size of PC, PSL pair
OOFF BSBW TS§I F RAME ; make sure we have room to push it
4C AD_ 08 2 SuBL2 #8,REG_SP(FP) ; allocate room on the user's stack |
4CBD S0 AD 7D MOV@  REG_PCTFP),aREG_SP(FP) : push the PC, PSL pair
0B AD &4 AD 7D Mova REg AP(FP) ,SAVE_AP(FP) ; put the user's PC, PSL pair back g
10 AD OC'AF  9E MOVAB  B*2S%,SAVE_PC(FPJ : store our return point
SO0 48 AD 9 MOVA FRAME _END¥4(FP) RO : RO = Llocation of end of frame
1 &C 50 : Rl = distance of user SP from it

SUBLS R .asc ?P(FP).R'
#0,#2 .R1,R2 : R2 = stack alignment
INSV_  R2.#MASK ALIGN,#2,SAVE_MASK(FP) ; store it into the frame

RZ,R ; compute the parameter area location
4 ASHL l-é.Rl.-k(RO) . store the parameter count
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V04-888 NORMAL _EXIT e g-SEP-19gk 80:43:54 EMULAT.SRCIFPEMULATE .MAR:;1 ’ (¥O)<
04 ’ ? RET ; return (to next instruction)
C R
C i ; Perform instruction Lookahead for speed ogtinization.
C & ; At this point, 0(SP) contains the PC of the next user instruction, &4(SP)
C gS : has the user PSL.
¢ B3
51 04 AE gk ;0 8( 58 28%: 8BS #PSL_T, 4(SP), 908 ; If T=bit set, don't do lookahead
7E SO 70 0211 859 MOVQ RO, =(§P) ; Save RO-R1 temporarily
S1 08 AE DO 0214 860 movL  8($p), R1 : Get PC in R1
S0 0OC AE 85 1 SF 18 61 EXTIV  #PSL SAH #2, 12(SP), RO; Get current access mode in RO
61 § 15 eg PROBER RO, M2, (R1) ; Can we read the next TWO bytes?
8 1 13 BeaL 80§ : If not, just return
50 1 9A 0224 64 MOVZBL (R1)0‘ RO ; Get next opcode byte in RO
FD BF 0 91 0227 65 CMPB RO, #*XFD ; 2=byte opcode?
1A 13 028 866 BEaL 20§ : Skip if yes
40 BF SO0 91 0220 67 CMPB RO, #*Xx40 ; Compare against ADDF?2
C 1F 0231 868 BLSSU  80$ : Not emulated if LSSU
76 BF 0 91 0233 69 CMPB RO, #*X76 ; Compare against CVTDF
26 1A 0237 870 BGTRU 80§ : Not emulated if GTRU
S0 04 C4& 0239 871 MULL #6, RO ; Get bit offset of mask
51 00000277°EF 04 S0 EF 023C 87; EXTZV RO, #4, INST_TYPES_1BYTE, R1 ; Get inst-types mask in Rl
ID 11 0245 87 FBRB 70§ : Join common code
50 61 98 0247 B74 208: CVIBL (R1), RO ; Get next opcode b‘te in RO
17 19 024A 875 BLSS 308 ; Skip if greater than PUSHAD (*X7F)
32 SO 91 024C 876 CMPB RO, #*x32 ; Compare against CVTDH
0E 1F 024F 877 BLSSU 80§ ; Not emulated if LSSU
SO0 04 €& 0251 878 MULLZ #4, RO : Get bit offset of mask
51 0000029A'EF 04 50 EF 055‘ 879 EXTZV RO, #4, INST_TYPES_2BYTE, R1 ; Get inst-types mask in R
25 11 0250 880 BRRB 70§ : Join common code
50 B8E 7D 025F 881 80S$: Mova (SP)+, RO : Restore saved RO :
02 026§ 88; 90$: REI : Return to the next user instruction
51 0A 9A 026 ga 308: MOVIBL W#<IT_F+IT_H>, R1 ; Assume CVTFH or CVTHF
99 8F 50 9N 8 66 84 CMPB RO, #*X99 ; Compare against CVTFG
0D 1A 6A 885 BGTRU 40 : Not CVTFG or CVTFH if GTRU
98 B8F 50 91 026C 89 CMPB RO, #*X98 : Compare against CVIFH
ED 1F 0270 88 BLSSU 90‘ : Not emulated if LSSU
10 13 0272 88 BEQL 0s : R1 mask is correct for CVTFH
51 0C B8C 0274 889 XORB2  #<IT_G+IT_H>, R1 ; CVIFG = Switch to using F and G
B8 1N 77 90 BRB 70% : Join common code
F6 8F S0 9 79 91 40%: CMPB RO, #*XF6 ; Compare against CVTHF
E0 1F 0270 9; BLSSU 90& : Not emulated if LSSU
8; 13 7F 9 BEQL 0s ; Join common code if CVTWF
51 ; 1 94 XORB2  #<IT F+IT D>, Rl : CVTHD = Switch to using H and D
51 51 ga 4 95 70%: ASHL #ARCSY DFET fHUL. R1, R1; Align mask with EXESGL_ARCHFLAG
00000000 GF 1 0 8 96 BITL R1, G*EXE GC_ARCHFLAé : Should we emulate this instruction?
CE 1 F 97 BEQL 80§ : If all bits test zero, no
S0 B8t 70 1 98 Mova (SP)+, RO ; Pop saved RO and R1
FD69 31 94 99 BRY VAXSSEMULATE FP : Emulate the next instruction
97 900 ASSUME ARCSV_FFLT_EMUL EQ ARCSV_DFLT_EMUL+1
97 901 ASSUME ARCSV_GFLT_EMUL EQ ARCSV_FFLT_EMUL+
8; 385 ASSUME ARCSV_HFLT_EMUL EQ ARCSV_GFLT_EMUL+1
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VO‘-ssg INSTRUCTION_TYPES -SEP-19g6 80:‘;:56 !EHULAT.SRCJFPEHULATE.HAR;1 v (%1);
97 905 .SBTTL INSTRUCTION_TYPES |
97 9 9
97 907 ;+
97 9 s : The following two tables provide information on what floating types
97 909 ; are manipulated b¥ each instruction. For each opcode there are
97 910 ; four bits which, 1f set, indicate that the instruction uses D, F, G ;
97 911 ; and H_floatins data, rcspectivot;. These four bits are compared against ,
97 91§ : the correspon in? four bits in EXESGL_ARCHFLAG to see if the next |
g; g}‘ ; instruction should be emulated; this Test takes place in NORMAL_EXIT.
8 97 915
8 97 919
97 N i *
0297 918 ; Macro INST_TYPE generates table entries
0297 919 3
0297 920
0297 921 +MACRO INST_TYPE OPCODE1,0PCODE2
0297 9 g $$x=0
0297 9 .IRPC  $$t <OPCODE2>
0297 924 $Sx=88x+1T_'$8¢°
0297 925 .ENDR
0297 926 $$x=9%x
0297 927 .IRPC_~ $$t <OPCODE1>
0297 928 $Sx=88x+1T_'$8¢t°
0297 929 ENDR |
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>