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LIR : A Low-level Intermediate Language in COINS project
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In this presentation, we briefly introduce essential advantages of the low-level compiler in-
termediate language LIR used in the project. The purpose and basic concepts of LIR are
similar to those of RTL which is the intermediate language of GCC. The advantages of LIR
are as follows.

First, by employing higher-level constructs, usually absent in low-level compiler intermedi-
ate languages, we can describe all of compiler back-end passes, from code optimizations to
code generations, as program transformations on a model. Secondly, the documentation of
LIR is written by a formal method based on denotational semantics. This will ensure the
existence of the model and help implementers write portable and reliable compilers. Finally,
LIR has a representation for volatile objects like RTL, but also we rigorously define a seman-
tics for the objects. This will inhibit wrong optimizations for the objects. A running program
can be regarded as a process communicating via channels of volatile variables. This view
inspires another and more natural semantics of volatile objects; this semantics is, however,
too rough to be practically useful. And a proof of equivalence between the two semantics
provides adequacy of our semantics for the objects.
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T. F-coalgebra 47 Yz ;. F-homomorphism
B TeHTIY % Cp THET. ZOLE, Ok
Cr @ underlying category £V 2. Cp IKBWTE
TOD (R,v) & (S,a) & (T,8) ® F-bisimulation &
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ZZIC Vol C N & volatile # 7Yz D7 RV
ADHBEETHE. 77V 78— FRIEZ2207727
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I, LT L& volatile A7 Yz M7 7 AL
RVWEEHEHFITLTORAEZEKRT 5. coalgebra
EMMHETEN NV —-RESY X LAT—NESEL 2V
DT, ZHOH % Mem MDD BRVWEELDNF ¥ V7 Memc
TH5. Scid LIR Dbtk (MF8) TEHRSHLTWS
BREB SEMLV—-R2SYF LAT—-ME2EHTS
EOKBELEEDTHS. UTOBRTIIEE Env
BRAEHTRRVWDT, TZhBBRALTWVWE. iR Z
D Scll &Y volatile 7 7 B RABATLUTDE D>
172353, £9 volatile 7 7B ADERE TEITL
H. EDT7 IV EAMN ¢ €Bits & v € Vol TRIND
ATV MANBEROHELBE ol (v,z,0') &
B, 22K ¢ REEZRBBRDOAEVTH D, £
BL 2D volatile 7 7 EAM v € Vol D DFEMAA
BOBEE (v, f:Bits — Memc) ®ET. ZZIC fa,
BEDIRNVHEBBRIIBWT., I 9g; I &
L5BBED g THB.

DETHRL2Z LIRKBIFA707 5 L2ED coal-
gebra EEHELEZLICARS. HEDTOTSL oD
coalgebra 1& € D5 coalgebra (7,a) THY. £D
FY U7 gRHUTOEIICEHRIND.

LIR : COINS 7 BY = 7 h O EK#EHEEE 7

{0’ € Memc | 0 =+ o'}

e 1>

o=7aV
a* a
" o s " AN o

ao € Vol X Bits X Memc

I

ANao!2=0o'

Vv

ao € Vol x Hom(Bits, Memc)
ATFb (o ! 1)b =o'

AE &Y coalgebra HfifE &R D & SICEHT 5.

78755 01,00 € Memc B ELNZH S
coalgebra (o7,a) ¢ (o2,a) A bisimilar ® &
E, 01 & 02 & coalgebra FfliTH B & VW1,
g1 éO'Z Kﬁ?

ZOBMEDEHRIT OS DEDICEELRWTE)
EfRITZT 0TS LDEMELSTAEERRBDTH
5. ~HBRANEZRE LIR ORI ERTIEFIEL
RWTOVSLIELT L 2WOHFEWICARSTL 5.
LAL7 07 SR EETEZEECE. ZhDHD >
DEHETIEMTHE2Z LR REINS.

4.4 MU — R%AHME

U BHIKC LIRDAROERB T RDbBIN LV -2 L
SYBLAF—NMNIHESIWET TS S LO%EME (b
V— AEAHE) 2EBHTHILEND L. FOEDHIC.
TOTSLEHBREDALSVEBISHBETEED
T35, STUTORHFEEBZRD.

B : Mem — Mem;

BT

t : Mem — R — Trace

1>

execute until the next volatile

>

tTr [a1, ..., an]

¢ : Mem — Memc

>

cT 7 without random states and traces

ZZIK BR o EEED volatile 7 7 Z RBALT D
EITHEBTH I, ZHEARRON V=225V X L
AT—hERSEBKBEE £ SKEIEBDTH
2, BB ¢ 3707 5b r02BOFEEHLLTON
V—2%&8&F. 58 r 3 r DEFILBIT BTV X L
AF—hOWMPETHZ. BB cET 0TS L + »
BSYAXLATF—h e V-2 &R (HR) $5%
DTH5B.

Tnyoh r OBHIEABEYE random KT TV
ELAT—hOHPE re RTRB|ICHESN S,
UMU random DEB DTN G AMAETH2ZLd
5. »58H7% random BIB % fix L. WIERH LY
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€ R,
_ ™1 ™2 N
CT1 D 01 < | (0’1,0’2) t > 02 €CT2
@ 5 «a
! ! 7 !
v, T, 0 +— (U, T, (01,0 I > (U, 2,0
( s Ly 1) F(7T1 ( ) :( 1, 2)) F(7T2) ( [Rg] 1)
B 1 Vol x Bits x (—) PHA
€ R.

. ™1 ™2 R
CT1 D 01 = i (01,02) ¢ > 02 €CT2
«a 0% e
v, fi:Bits > ¢c1q) «————— (v, f:Bits - R;) ———— (v, f2:Bits > c72
(v, ) @ e i )

B 2 Vol x Hom(Bits, —) ®%H&

EZ5VELINEMBEORENTOAREBRTHZ LIXH
BTH5. FoTUBRTOY S5 LOEE T EICHHME
reCRBCRESNBLLUTERTS. UFA ML —
2 EMHEDEHTH 5.

T0YT 5L 1,1y € Mem WEAT & 7= .

VreER tir=tmr
EFADRRMLV—R%MTHHLVN. 1 L1
EXRT.

4.5 =D D% o F A

BT OEHEIE coalgebra FlitE L b L — X HAHf D
FAETHZL VWS Z L &2RBKT 5. EHRIX ATV FT
55.
EH (L L L )

Vri, 7 EMem 1 £ 75 & ¢ S c
End]
TaT 5L 1,7 EMem B T Lo EWETER
EL, UTE2EHETS.
Ry 2 {(r],7}) € Mem? |
dIreR
(ri:={rs =1}) 2 7/ (i = 1,2)}
{(CTl,CTz) € Memc? | (T1,T2) € Rg}

R.

BREHBOEHEE2 74— NICEEA TRV,
(r1,72) € R 2B By =1 & B =5 5 ABH
C77vay. 3 2bbEEICEZRARDRARAZRD |
THHZLEHLITH B,

BF R (c71,a) & (€72,a) D& % bisimula-
tion TH2ZL % FOGEHITTRT.
1. (Vol x Bits x (—)) P& &

138. RRODEHELY. 5 7,1, c Ry ¥ #
HELTCogi=cr] (i=12)¢R3. 5058, 1,0
BRIERTHS.

R DEHEY £t e RRO7 7Y avidSL .
BIZEZNAR v:=g THNE . BATFARYIILD.

arcr = (v,x,c7)) (=1,2)

Thbol 1 O FOEAABRFELW., EoTHU
(01,05) € R THHE, 4 EHRE SVICEHT
X5, LoFERLY (01,0) =(crl',cmy) THVY
Ry DEHENS (1{',75) € Ry $> T (01,05) ER:. T
Y. BOOBEERENE.

2. (Vol x Hom(Bits,—)) P& &

FABROFERICLY B2 TRINTWVDZ LIXIFIEH
BNTHS. EHETHK TR y DEBEVLETH
5. BLIER®D £ €Bits K2WT (fiz, fox) € R.
THNE. f 2 fixfo LT, y BEHEK
5, TDO&S7% g € Bits EEHEL. o, =c1] T
DD Birl s ! DT IV AVH g LB EDIKC
71,73 € Ry &S, ZhiE R, DEHERFEBOH
HEOLATR2TOBEHNRETILVIHERNIS W
BTHD. &oT fix = c1 (z=1,2) Thbb
(I 7)) ER, THEH. HOEH. BT | OBEIK
DWTRERT S,
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5. ZEBEBOEA

BBMOELIEV A=y 2T )Vary X455 THE
KRBEBHDOEDTHB. A=Ky by Y REE
LEELTHM, EFRa-VIITV-H AN
HUEL. SIBO—PEBEBEL I ZRXICHYETHH
AN, ENREBCLVIRAT7OS - ANEHICHY Y
TTCEnioTRRL, BAETUTHL OFEMICR - £
HyGcrzLAhdhIadhwnw, ZO kD 2Rk K
WARERLY Y X % pre-allocated VY AR L WD

ZoWok, Wb¥W 3 practical issues (& EEEHY &
AYNALSOHEREVD) TIWY EFdh TN
A, EZRICIEECHELVWHETHY ., BIETH ML-
RISCTOY 27 hN1O T —-on®RB R dIhTW
5. WS DFEE SSA L DEHBET pre-allocated
VIRZRDAMEE2THHDTHY., SSA IKHLEZH
TWBL. SERBEATVWEFEDEERDT. 2
ZTREELZRWV.

ZOeyYaryTRUTFTO cCa—-REfleL., &
RW 7T O—FLHEALAD7TO—F 2 HEHT 5.

int f(int a,int b)
{
int r;
r = g(atb,b);
return r*a;
}

UTCHEHIZHBEETEDOY Y4V 7 2 LIR D
BOLEDTHHOEDICHBILLELDTH S, vn
FRELVI XA, mmEEVYREERT L., BIBIE
r0,rl « BHEI 0 ICAZEdRT-V Y FTar X
vyvavERETS.

5.1 X< H3H&k

EBEHTE BB HFERI-VI IV - 2%k

TRERRXEEATLIHETH 5.
v0 = arg(0)
vl = arg(1)

v2 = vO+vl

setarg(0,v2)

setarg(1l,vl)

v3 = call g

v4d = v3*v0

return v4
22K arg(i) B i HED f O BERTHHRN
LEXB. £ setarg(i,v) R iFHOD g D5l H %
Y NTERHERATHS. return v ik £ DERHE
ERT.

LIR : COINS 7 0¥ = 7 h O EK#EHEEE 9

Zo77O0—FoMEF., a-NB#ELOBET
pre-allocated VY A EZ DT 7N REBL WO RTH 5.
EBREVIYZRRFIBIVIYZREZ 7O —-ERNZLEN
DODREHRRE., O hEa-VyrFaryRyyvay
WK TEVIYRAREHYLETHZ IS,

ZO770-FORKE. arg & o ERFRANIC
MLUT, a-FRBHE MLV -—FYIFHREZRE2LDR
FThiE2abRrWETH5., 2hidEVWLEaRMTIR
B, LHEFRABDN., FYRWRBDZAINITZHICE
LEZtidaw., HE3EKRT, 4077 0—-Fi&
ZDHZLVWR R ERELELEDTHS. HADT
TO—-FEHWATEEXIC. GCC DEWY - =Rk
EERNT .

5.2 GCC DFHi&

GCC R &#D RTL ARBEICEVWTNE -V Ty
FUTEIFRY, A=y NIV VEEORBEEH
T35, LWOIBKER->TWS, ZHhIVE-Fv&
TNIAYNASOHTEH GCCHEDEKTHDSL
W9, GCC TR, #-oT%kD C I — KBS RTL
NCEBINERETCa )Y ary Ry yariks
2ICEMBEIhTWS.

v0 = r0

vl =rl

r0 = vO+vl

rl = vl

r0 = call g, clobber ri
r0 = rO*v0

use r0

Z ZIC clobber FHBIFU HL HICHEZHZ LY
AREWPRTEZEDDHETHSE. use TZFDLV I R
ABPERAEINTVWBZLEHRTEIRTHS. 20X
S1C RTL Tt —MIC pre-allocated VY & & &AM
VIRAEMNEBELTWS. FJV—DLERAVEDPRAAY
7R A2 2% RTL Tk pre-allocated VY X & &L
THRIICEHAT WS,
Zo770—-FORMETHSHTHE. 2—-F F#E
ERESKCTV VEEORBEENRICEHET S0 ED
5. KU 73 VUF 4 —DBVWRHEMLETROIZLEHT
W25, HOMIZO7TO0—-FChINERYIC
SWEFELE LT, BRPUCHELAERT Z2HEICR
BT D pop BELHTITRD & D> REB (defer
pop) ALEFBH 3.
ZD770—FORKIBEEHSENTH S D, pre-
allocated VY A& 2 7L 2iFhiEadwn, &w
SOFI-NBEELEHEMERDOICLTLED. £,
RTIL ERBICBRICOY Y FaryRyyaryhERS
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NBEVWIZLWE RTLR—RATOAY T AV EHAD
tail recursion D& B & WEICT 5. £ GCC T
WN—HVURNVTZED &S EBIETR-2TBY,
RTL ARSI EZUBRIZES> Vo ERkEILIIITARD
AN

5.3 LIR®O770—F

BROIO770—-FOMELT. FHEETLHRS
HBOIOICHBA Y ATz —RAEHERHETHEIICTS
ZETHRPEHRS.(LTFD LIRI-NREAFHHDOED
DYYEY T ATHYERRDBOTIEAW) LIR E 3
YNRASOHBAEETHIN., ZOEIREYVa -
CLEBAY ATz —AERK>TWS.

module foo
function f
reg vO,vl,v2,v3;

prologue (v0,vl)

call g (vO+vi,vl) (v2)

v3 = v2*v0

epilogue (v3)
ZOEVA-NVEOLD2OAYNALIVEMERS.
reg v0,vi,v2,v3 B £ ToODO—-ANARFELY
URXZTHS. prologue, epilogue W BIE D4 &
YEe#YERL . prologue D 31 EMN BB D5,
epilogue DI BARAETH 5. EHEIHETD
FW., ZZTEERODWE prologue ¥ epilogue R
TRV, WS ZeTHb. a-FNEBELLV-—F>
BESROFICIFEHO7 T O —-FICBT 5 arg(i)
X return EVWo ERHKLTTNLBELRZELDOIE
EL W,

FE4xD770—-FTlE. GCC L ERYI-FNK#H
ft DB FETid — 4 pre-allocated V' ¥ X A A B 7\
EDILTWSE. &oT. BN GCC D defer pop
DESRBRBILEIP VI 2BZHN, —FT LIR %
MFELLEI-FNERHEDOVDLD2LLT, ATV EH.
KBBHR. oML ORBELPTEBIC RS,

LIR CRVYRAZDRJBEBHBICHRBML YRR L E
VIYZREDRANERW., ZORFIEATI-TICLT
REND., EVIYRRLRB IO -NNVRRAI-TTH
EENTVWEVIRALRRT. 2L TLYRE7 O
F—=varyieE»pTavNA4SoLeTcoiEzros
SLEHLUTRATWS., LyRAYAF—Y a3y
RO —ANRVIRE (HBLVIRE) 270 —-N
WRBDICHEMIERTIAILBX L. oMV
VRE7AT—vayoBk. BTOLICEHREINSD,

June 2002

module foo

reg r0,rl,r2;

function f
prologue (x0,r1)
r2 = r0

r0 = rO+rl

call g () (x0)
rQ0 = rO*r2
epilogue (r0)

TOVSLBEBRLIVDIETERLITOTSLOERE
REZEARWERTH S, oTaAVYNASONESR
TV SLEBREUVTEETZ2EDICITOT S A,
FbHb LIR DERINFEBICEZSI N TVWELEDN
»5.

Glasgow ® HASKELL I > /¥4 Zi& GNU C %
28-S v rh7®y7TS5] L UTEEMN, HIC c--12
CWOHEa-NEREIN. ML-RISC!® &FIHL
TAYT VAV RNEINATWS, Zhid CEFEE LY
TEYITSIKEMT SR, LWwWH770—-FTHY., #
BERBE W EERRBEIHRIATVWER, DY
KA EEBPAEAZIATVWS. ZOHEBI AV A
B KBRHRBROEENDEDTHS. HDHIX C S
WO EEEE > TT>THBAY 2 72— AN K- .
B4R 7BYTSERVANVOHFHO-NICHERE
MIzz2LT, PRVEBAY 27— REHRRFLE
EORBEW, EWORRICEL .

6. Bl

ZZTCHHEEE LIR $HMERMIC I THEAL.
LIR D 2R EFHT 2. M3 FEdED20Y -2
main.c & sub.c B3 C EENPT OV SLTH
Y. prodv ¥ foldl ZFIHL THEI v DEROH %
HETS.

main.c  LIRICZEH#RLEZL0N M4 TH5. LIR
X SKRTRB2IABY, BIaory»Mbf7RETIE
AAVREHD. ZOBFFIHEOELDOSRATH
Y, LIRO—HTiEawnw, ZZIC¥K., 7RV X, &
BN L BIC 32EYRNT, 754V AV NOERIF
ECANANERLTZ. $£2a-K, F—-XDEN
NBET AV NATZENEN text,data £ T 5.

ZhE LIROPIAVYNANVEBNTCHE LEVa—N
ORTHS. LEVa-—VREYa VA (ZZTR
V=AT77ANVICESWTHITE), #BY XM, 2L
THBLT—2DREHFIINSERYED. FBEHEIH
B4, BBoD—AVREMY RN, ZLT L RF
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main.c : extern float foldl(float f(float,float), float v[], int n);
static float v[] = {1, 2.5, 3}
static int n = sizeof v / sizeof v[0];
static float fmul(float x, float y){float r=x*y; return r;}
float prodv(){return foldl(fmul,v,n);}
sub.c : float foldl(float f(float,float), float v[], int n)
{
int i; float r;
for (r=v[0], i=1; i<n; it++) r = f(r,v[i]);
return r;
}
M3 COHOY—Ra-K
1 (MODULE "main"
2 (ALIST
3 iy 4B B i BR 27 AN V=Y
4 ("fold1l" STATIC UNKNOWN 4 “"text" XREF)
5 (" STATIC 96 4 "data" LDEF)
6 ("n" STATIC 132 4 "data" LDEF)
7 ("fmul" STATIC UNKNOWN 4 "“"text" LDEF)
8 ("prodv" STATIC UNKNOWN 4 "text" XDEF) )
9 ;; BB fmul D EH
10 (FUNCTION "fmul"
11 (ALIST
12 ;) & JV—b B OBR A7V B
13 ("x" FRAME F32 4 0)
14 ("y" FRAME F32 4 4)
15 ("r" FRAME F32 4 8))
16 i L RF
17 (PROLOGUE (12 0) (MEM F32 (FRAME I32 "x")) (MEM F32 (FRAME I32 "y")))
18 (SET F32 (MEM F32 (FRAME I32 "r")) ; r=x#y
19 (MUL F32 (MEM F32 (FRAME I32 "x"))
20 (MEM F32 (FRAME I32 "y"))))
21 (EPILOGUE (12 0) (MEM F32 (FRAME I32 "r"))))
22 ;3 T— &% v,n DESH

23 (DATA "v" (F32 1.0 2.5 3.0))
24 (DATA "n" (I32 3))

25 sy B prodv D 5E 2%

26 (FUNCTION "prodv"

27 (ALIST

28 ("t1" FRAME F32 4 0)) ; IYNASHVERL EEHK

29 (PROLOGUE (4 0))

30 (CALL (STATIC I32 "foldl") ; tl=foldl(fmul,v,n)

31 ((STATIC I32 "fmul") (STATIC I32 "v") (MEM I32 (STATIC I32 "n")))
32 ((MEM F32 (FRAME I32 "ti1"))))

33 (EPILOGUE (4 0) (MEM F32 (FRAME I32 "t1")))))

B 4 main.c ® LIR I—F

LIFENBREBFINDRYIMED., T—RADEHEFT —
REHELZORENDRY., AT EE 2 MEOD fbIC ]
BirmfIosaes, BANEHGSDED.
BEVZAMNDOEZZIYMNVRZOE -EROEHE &
LTWwWad., TV MNVOBRIZOE_ERIKET S
TV MY DEERN STATIC 2D LB BN RT R
VA (BEEICY Y ANRRT B) 2RT. fIAE L
EYVa—)U "main" OF 6 171d "n” PEHLRTZ RV
AEHRL, SHIKEZIRE 132 VWHHE (328 y M #&

BYDAT Yz DR EIMNTEY., BEROERI 4
NARNT data B AV MICEHYHETHH, Vi —
VidO—HVEH LDEF TRHLBEVa - AN BB
BHERRWE WS Z L E2FEKT S, VY —VUilidft
WKAIICH L CTEHET B2 L 2 BEKT 5 XDEF & . 4
HWSHEEKRT 2 XREF ' H 5.

%6 1TD v DEIREIC 96 £HBHN. ZThid
96(=324¢3) EVY RDAT VI b THBZ L EHIKT
5ETHS. flIC LIR IBHNEHOR (BT
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1 (MODULE "sub"
2 (ALIST
3 ("fold1" STATIC UNKNOWN 4 “"text" XDEF))
4 (FUNCTION "fold1"
5 (ALIST
6 ("f" FRAME I32 4 0)
7 ("v" FRAME I32 4 4)
8 ("n" FRAME I32 4 8)
9 ("i" FRAME I32 4 12)
10 ("r" FRAME F32 4 16))
11 (PROLOGUE (20 0) (MEM I32 (FRAME I32 "f"))
12 (MEM I32 (FRAME I32 "vy"))
13 (MEM I32 (FRAME I32 "n")))
14 (SET F32 (MEM F32 (FRAME 132 "r")) ; r=v[0]
15 (MEM F32 (MEM 132 (FRAME I32 "v"))))
16 (SET 132 (MEM I32 (FRAME I32 "i")) ; i=1
17 (INTCONST I32 1))
18 (DEFLABEL "L1")
19 (JUMPC (TSTLT 132 (MEM 132 (FRAME I32 "i")) ; if (i<n) goto L2; else goto L3
20 (MEM 132 (FRAME I32 "n"))) (LABEL I32 "L2") (LABEL I32 "L3"))
21 (DEFLABEL "L2")
22 (CALL (MEM I32 (FRAME I32 "f")) ; r=f(r,v[i])
23 ((MEM F32 (FRAME I32 "r"))
24 (MEM F32 (ADD I32 (MEM I32 (FRAME 132 "v")) ; v[il
25 (MUL 132 (MEM I32 (FRAME I32 "i"))
26 (INTCONST I32 4)))))
27 ((MEM F32 (FRAME I32 "r"))))
28 (SET I32 (MEM I32 (FRAME I32 "i")) ; i++
29 (ADD I32 (MEM I32 (FRAME I32 "i"))
30 (INTCONST I32 1)))
31 (JUMP (LABEL I32 "L1i"))
32 (DEFLABEL "L3")
33 (EPILOGUE (20 0) (MEM F32 (FRAME I32 "r")))))

B 5 sub.c ® LIR 3—F

134K H % F32 )95 5. LIROEYAFTLRZOD
EOEN—KPEEFHBERLZDDLRS>TWVWS. Z
NELEATEVD, AYNAVEICZDERDO K
ZIVFHILRVWEEIT UNKNOWN &L TWVWBEA., Z
hi LEAATTcER.

I HELREBEROMNTHS. L RIIOH
# & BB D4 PROLOGUE. EPILOGUE X BI¥e L T
DAYETz—AEEHLTVWSE. ZRIFEBEDON—
FTRBEEELRZVWARTHEMN, LIR TRZD
&2 AV ATz —REMMTHZLICEY, a—F
BREMLICBVWTHEOMDEHEERHEL TWVWDE, —RIC
LIR TiEBIZ ZEREBTH Y. PROLOGUE DHE=ZE
RUBEMEERIT L 2EHD RS, EPILOGUE D H
SHERUBAEINZZEERTRORLVTH 5.

PROLOGUE. EPILOGUE @ L RODBER (ws w,)
BIV-LOYAXERT. BHD wy F7V—-LOD
PAXEDR, RD w, FVIREZTV—-LDH A XT
HB. ZHUBHIKODVWTRBICSHET 3.

BB EHEFOEEY 2 0T b Y BAEE 13
YR, TOLFA TV —LHOAF 72y hEERTE

DTHBZ %Y FRAME 25 " HERL L TH>. Z
DTV RNUTIHE, R, JV—-LHOAT7EY MW
BERTH5.

WIS AR LRTHB. MiETH CBE
DaA-ReiBantEn. $TAEV-0BR (Fa
HZ)EHRHIC MEM B PRV ) 20D LAT
RHEINTWEIEN CEHBLERS. BIIZDORXAEY —
BRINIRBRI ATV MNDETHS. ZLT. EL &
8 13T TEZEEINTVS vy id, 7V —LICHY
HTOHLNERBO7RLVAEERT LR (7V—-LoR)
IC&Y (FRAME I32 "x") &RIND. ZZT 1324
ZO LADEETROLBE7NVADETH S.

TV—LRAVRIBICHA TR, ZHhiT &Y
I—-FEBIETz—XTORBEIBEFHLRS. LML
LIRICE 7V —LRAYABEEL, 7V —-LROE
KEHFETEZNAABRINTVWS., FMEZZ2cikad
NN,

% 30 172 LIR OB ELASTHY. S
BETESHIC (CALL BIB7R VR (BIE...) (KR
BEANBER..)LVWOIV YRy I RERSTWVWS,
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EHETPOELIOSFOHBIICE AN ARV, koT
t1 LW —BEBEIEAIHLTWNS.

# 31 470 (MEM I32 (STATIC I32 "n")) &%
O-NVEBOSRETHY., B 747 TEESH
o WARF AV I R7RUVAERT L RNiC &
Y (STATIC I32 "n") &RINTW3S.

ZOBTCRITWBEEREDICVIRAND S,
LIR DV Y X &id (REG E "regname") & WD ¥~
By Y ATERIN. "regname" FEAEY A MITBWT
X ("regname" REG ® A 7w h)twd>zTrh Y
TRIND., VIRADALBMARTEDOI 2NN RE
FTE23ATVVMTHY. VIRXDF7RUVATIEAR
W, ZHZHVIYREDF7RVREVWIHDIRBEER
ELRWA, LIR TRVYZRZ AT 2WHHD 2R
EL. BVIRRFIZORXEY)HICEIM B E L TH
5. EOVYREDTYMNVICBIT A TEYMER
ZOVIRAZRDFPRUVARRETZ2DICHELNS. %
WKHNEVI ZAZ TV —LOYV AR @, DEEZDT
RUVZAQOWREICHEDLN S, FMIFIZZTEBTHEL 2V,

K5iF sub.c KX 5 LIRI—FK (LEYVa-—
V) THsH. ZOMBEHIHEREEELMTHS.
WhWBHERT TS S IV T AT O R ERE
BREEET, RDYVICWL O DERESIKEHS %R
#£3 5. (DEFLABEL "SR ") IC &Y SN )k EH
L. Z8id (LABEL & "S X)) Tk D. ZOEIT
I-RD7RVAERTEROBELRETHS. JUMP
W ERMSIK. JuMPC X RMGSIKTH 5. Ml JUMPN
EVWDIBHHARBRFTLH B,

SRNVDORAA-TFEBATHY., BRI DSAX
WABIETBZ e d kW, ©B2A. SRIVATE
BHICERENEZ 7Y T SEBCZDEEHDON S
7S, 7EYITSTEEBO—-ANLRSXANEnD D
DEFHEFELRVWOT, BYURV X —LAHEPHEL X
N3, LML LIRDEZMEKLEIHIETSANLD
ZA2-TIHEBHREED S.

FRTEIEBOMBETIVELOAICER>TWS,
$iatd CERELRBEITI2LEEL, WHEFOEL
WHAETHY., CALL ROE—FIFIL 20 o TEHE
D7RVAERTHEBRORDPZFTZEIDICR->TWVS
LML LIRPEFIVTCRZOHBESINETZR LV RIE
W3 LIR CTEIMNEEBTHELEXS.

7. ¥ & 9

EABREOaY NASHBEEE LIR &L, #
REIHFVEHAONRD KB RMARERE EX =,
T volatile A7V 2 7 N DERHBREEX, Z0D

LIR : COINS 7 BY = 7 h O EK#EHEEE 13

ZYUMEERLUE. LIR ZBHERHL TWBE VX =Sy
RTNAYNALASOHBEEE. HIC GCC D RIL *®
BEIILOOL., B8O DOFHFERZAEL TWVS.
Bff COINS AV NASIHELR COa—F 4
MHRDEDICR-EBETHY, LIR ORETEED
—DOTH5REEMEDH 21— K BHELEASICEHT
5, EWOHETHMPI BRI BBEICIE>TWARW,
¥ 7= SIMD BEOFEDICBNWT, if BEROED
ORI RN, ROarYF4varya—RoRIEANLHE
Kok, ZABRBERRMAKELTHRY AN TFRE
THB. 5%D COINSTOVzy bDERBICHAEL
=W,

HBEE LIRIKCODWTERL TWEEWE COINS
DAYN—HKEMEBZDOF A EATRERBOREE
T5.
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& LIR DfbAe

Al % i

EHEBRTAEBR T 2 | B, Mlad
foo 2 {1,2,...,100} & foo & 1 A5 100 %
TOERBOEETHBLEHRLTWSE. 2D LD
I EBEICHEL CREN R WEE T, RO MR
XOEHIC ... 2HEHT 5.

WHELZE - A, Vv, —, V, 3, ! EBHED.
Jdz e X Pz) & Pa) TH% g e X MEE—D
BHETDHILERERT S, ZLOXZF0—BWICETRE
T2 % lxe X P(zx) THRT.

B D RESCH R RS S NEAL T B AIC SRR L EEIC
B R332, HOREGPHEDREFICODWTH—
B ZDEDICKHEBIEMZED 2N . BEROBAN D
ZHEEICRAERFENC LY EBOEVERXIT 2D

HEROXT 0,{z1,...,2.}, {z € X |
P(2)}, A%, x, u, N, +, —, , C, € BfES>. =
HiEBFOREBEMIZOMETELI kdLT5. ¢ 3%
HEEXRT. £E60BLEHR Tcl BEH. Tbb
ACB 2 VoecAzcBTH5. Ax B EER.
AB IEEHLETHY, BPRERB nOHERT AD
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nER Ax. - xALTE. HEE A, x---xA4, D
BRIT 2, € A 2UT (21,...,2,) THET.

ARFa2AVMBVWTEROERPRICERT S
UANEED., ~RICHIFIOERERFET I, Tn
BEH] CVWORBI 0AVYY (0<n). 8Bk &
WORBE 1AYYY (1<k) 2T 5.

ERDOER ¢ = (ro,z1,...) D i FEDER ¢; %
xli TRY. A4+ A, RABERTH S, T4
LDHBENX A+ -4+ A4, =A,U---UA, THD
i£j o AiNA =0 %58ETHS. HWERIT
BELRV. A—BIR#AE0%E, $2bb A-B 2
{reAlz¢gB}YTHB. UNIF UL, S;, N, S &
WOBTEEATS. (UL,S; £ S1U---US, Td
5. N S KOWTHEBKTHS. )

ARFa XY N TCRHUTORRCBERT®EHT
5., MRFOREBIEM I ZORREICELI kBT 5,
EHE. BEf. Z3ELED0Zh LHUTHED. BHE T
2EOREGIEMHAROEZDICMATH 5. BT BHIC
HELHD. o THOEMETIEEDZENTH S,
BEIr £ELEINMTRICKSOMETHS. |
BRIC a: X LWOVUTRF YT qge X ERALTH Y,
BEWSIFICEVERITEW.

R WBEBOHEETH BN, BEOEEKTIEFK
(R, <) LBR2T. ~MCETAVRIERFES (X, <)
WK2WT, ZORKIEE max X. ®/MNMEE min X T
£, ROBLLUTOMAIEER «, /, 4+, - THRT.
WEEMIIEEBEYTCHD. T2 — FBEHEOTAT
ADBERTEBHEN, HEEMLI HERELYEY. Y
BRMEEERT. 2,y e R,0<zKDOVWT g¥ T
BREET.

AL OHEBEI ROMOSLGICIBEHTS. #lx
Ea,be ZWKoWT. q/bid a,be R ERRL EH
BTHY. a/be RTH 5.

ARFa AV N TRFEEFIEBL 2. LEDN-
Tabld a2 bOBETIERL, g EVWHFEFTH B
B FLEEEDOREEBIHINTH 2 (Bid).
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N 2 ostosBoks
Z 2 mBoss
R £ £Bo%e
Bool 2 {true, false}
Type 2 BTHBz L2 %Y
GIERVES
{li:m1, .yl } 2 va-rm
XXt 2 e O
Tid ot Th 2T, T, OEA
T — T2 £ e mDE
as B 2 and gromEEm
a:a — B(a) L kg (B:a — Type)

BBICHLTAYVZADOEARN £ = y (modm) &
T3, EREBBICEHRIIUTOBEBREERTS.

floor,ceiling, truncate: R —+ Z
floorz 2 max{z € Z | z < z}
ceilingz £ min{z € Z | z < z}
truncatex é

if 0 < z then floor x else ceiling x

IADIIEREZNICEVERICERT S, floor i
—00 ICHM W, ceiling & +o0 ICHA V. truncate
FORHEM > THRBEVWER ZIIIEEE 2.

&KX if c then z else y & ¢ € Bool &
true 25 z. false 25 y E&RY. HFRHAERI ¢
IZD2WT strict ZA 2,y K2 W T non strict &
¥5. 32 P(x) - zP(z) RBRBECOVT. %
X if Nz P(r) then fz else y E ~BHICHE
TELED fo3bhid y2RY. 72K
caseeof Iy = v I, => v, DEATS. ZTh
Be=6RdE vy 88T, F— 2R ¢, [; KDV
T stricts v; W 2WT non strict TH» 3. 7 — AR
EESGEE Pie= TRTNLERB RV,

BEBEOHERILGHETHS. Thbba—o 8oy
B oo (8= ) BBCEA f(z) BLERT AT
MEBLT foeEL. BBERARERETHSD. T
b fry=(fz)y FMEMEMLICOVWTIK., B
BANBOHEENEL. WICHEHEET (B LB
B AKIBORICEI I BN, ERFUNDEST
BREINBH0), BB HEATFOETHS. ¥
b5 fox—gay=(fa)+ (—((92)y) BB
DEHFHKE domf THRT. LEBE fD X Cdomf
~NDHIRE flx THRT.

Ao MRS LERETHY. f(z) & M 25HHK §

LIR : COINS 7 BY = 7 h O EK#EHEEE 15

ERT. ZhESLEAVF2ASADSLEARNTER
WEAERF2AYMNTESLT AV F25ABEHAL 2
W), ZhECEETOV T X F v 2 5 B5EDITHE
Hahs0T., BEIDOEDICEMCEDLETHRBEH
F1XFETHBETE. 2%V Aoy M = Az.(\y.M).

BEEBI BT —BICHEIMEBIN., BIRERICB W
T, BRBEBESOBEBEIBROEBELHLIHN B Y
YEYZAZXT Y/ MNE [] CTHD., ZhiZERE
BTRYYRYIRAFTIINLEIYT AV I R
FTIVzV MW AVENBDT, EHEHOLE ZH VY
Ry IAFT Oz MM EHRTZ2EDETOEHET
5. LRKARFaA AV RNCE-TEAE., YU &Y
PAZT V7 hE SRTRBLTWBHEE. #
ZHE E[(CONVSX t z1)] £ - mBAEBIKBWC. []
BRWERBELOBRNATD 5. BREE L% 0HEEH
BUNTRFHMELTY YRy P AA TV M TH
[ CEHERWE, FWHTRZSHCEKIOMETSH
5. BREILESTEEDETORETHBZ L &1
manik\v,

O—-ANVREHEEZITROIEDIC TR where E
FH LWOIRTEHEHT S, ZOHEEHRITES
ENZEBEDRAI-FTRZORENTH 5. UFIEH
tH5.

big 2 £100

> > -

fn nxf(n—1) ifn#0

ZO fORBIHIBICEIVBEFTELEERD
BICPRoTVD. BERETHROLDNEZZDE R
EHFREDBATS. EHRALUICH D Tif F_fF1 3 RM4E
PEEINBZHBEDHZOEBNMEDI 52 L 2 E K
T5.

REEIBIEBD T ICERFEL THROBNRET
SHBOBERIGAICMENTS. UTHERFEED
SHBOEHITHD.

zeros nIN —- N"

zerosn = (0,...,0)
——
n 8

XK 1y 2BMULEREE X, THRT. BED
nwahadbid 1x i3 L B3, X, & flat domain
(X, D) t&Ex5. BOHY X 5V 32K
flat domain IC &V f: X -V, EWIBTERY., ¢
ZbbVreXxedomf < fr#£ALTHoB. W
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BZEMOA—K - CREEESY fCg £ fre

domf — fr=gzx CEHTS. BREZHTHN
SEBEIY AN RIFRICH S RVWEBY LT
VIRTHBLTE. Thbb X 5y LW
BUEHICIE f(Lx) 2 Ly LW EHENMEL TV
Br¥ys. BB r 2 454, KowT. 1, i’
Ve€a fr=15 2288 fr95.

VR NE [1] RBICHET S SRO YR b 23D
DTH3d. BERILETH—-DETRITLET RS RV,
UZMNB [7] DIV ARNS I RB [| TRT. $4b
by, 20 (@ €7) DI AMNT [21,...,2,] € [7]
T&RT. VAMNHEBELLULTUTR2HERHT 5.

#:r] > N

#lx1,22,. .., Tn] 25

Azn.(z!n): 1] > N = 1L

oy ] In 2 T, ifn<#zx
e'n 2 1 ifn>#a

Aex.(e € z): 7 — [1] = Bool

zQ[zo, z1, . ..

e € [zo, x1,...] 2 dz; e =x;
Azy.(x ++y): [r] = [7] = [7]
[Z1,.--,2n] ++ [Y1, - - -, Ym]
= [Z1y- -y Zn, Y1, - Ym)]
reverse: [T| — [7]
reverse [T1,...,Zn] £ [Zn, ..., 21
#x TURN 2 DRSIERT. EBOELICREZD
EOENZ—-VEHEHTE. EHLETLOBIENE —>
WKBWT jtalic B TENMNTVWEIERICTYYFLEDD
NELTBRENS., gl BIVRAN D BEOHE
FEET. ++ BV AMNDOHEA. reverse NI TH
5. ZZTRBLEL Tz@NNA—-V 1D g FEHED
FHLT TNV BRI FLEDDRBERT.
BE fX - YV, BESRICBIT2EEDOENR
KHVWER X xY OBSEELEXD. ZEEF
HoTHEBED | THd. EELZOEROER
BAMPYRTZOEDIC ¢ —» y THRT. I
fri 2 gi e [(AYF vy 2A8he) R BHHK
FXoY B {zisyliecl} LVWIBRETHRTZ

CEHRDE., ATV I AEENPELIRGEITEH
B 85 X Y, ICD2WT, fi= z1 =y I

&Y. gz = if r =2, then y, else fz % 5B
XUz} Y 2ET. 0, 2 g0y OLE
fi=lon,..c,on) & (fi=o01):=02) 1=
L35, FEEK fg: X Y, KDOWT, f:=gI

June 2002

fY. hr=if gz # L then gz else fz 2 2B
Va—=~F r{liir,.. e} K2WT. p o

{lny =Vnyso ooy dny, = v F KU

r'.l; =if i € {n1,...,nt} then v; else r.l; &% r'
ERT. SEMBOBELARC ri=[0y,...,00] =
(ri=01):=02) =0, T 5. r,ry PELH

DUVIA—RDELE, ¢ =py:=shB sk 121y T
£3. EBETVI-RIINTE = @HAXRS UK
ICDWT strict TH 5.

A1l YVEYIRAORER

ARF2 AV RNTRYY AV 7 AFFREEEE <
THBRAZAIDIE BNF C5x2 5. [ CTHGZ
LTCATvaFu, {ycHEZTcEOEI EOY
BLERT LTS, £ T<®H] RO THEBHE >)
THQZLTIN—-EVTEERT. $2bDB < some-
thing > Z&AJE BNF EHRIE 20 5 2 H = kIR
BHL 5 <freshname> CEEMX . EH <freshname>
1:= something EEMLUEL DL A%ETH 5. BNF
EHFHICBWT © CHENERBZTEOY YA YT R
TV NDEEERT.

ARFa AV N TCRBELDO>T -4 2ERTSE
BHICSREFHED. ThbDBYYEYVIAFTT IV B
ORAHREHRELT SREEHTLZ2DOTHS. B
TD BNF CEZHEShN 3 Sexpﬁ" SRDEETH 5.
ZDO BNFid SROAEKHEXEEX 5L HEIC., E
ROBMICEY SKNOEE Sexp BEZHEL TW5.

<Sexp> = <Atom> | <List>

<List> = ( {<Sexp>} )

<Atom> = <Symbol> | <String>
| <Fixnum> | <Flonum>

<Symbol> ::= ¥ VR

<String> ::= XF¥I

<Fixnum> ::= BEHEH

<Flonum> ::= FHI/NE
ARFa XAV PMNTIE SexpimﬁgﬁtbfuT%ﬁ
75,
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#:List - N
#(xl o +--

Azn.(z!n):List - N — Sexp

mn)én

2Q(xox1 -+ Tp ) !In £z, ifn<#z

e'n 2 L ifn>#z

Aex.(e € z): Sexp — List — Bool

e€ (zoxy ) A

Azy.(z ++ y):List — List — List

(o1 - ) ++ (1 )

Ty * To Y1 o Ym)
H#eBVRD e DRTERT. ZYRAL ()ORS

2 0TH2. g!lnd rclist D n BEHOER., £

AR hE | 2ERT. c IEEROTEEN. 2

DESKVAMNCELHEAT S, £ [r]HOY b

F&RIC z ++9y T 2,y €List DR EERT.
VYRV I ALETARBOE, SROHIUHE

B XDEHRISRBVANLEEERICETEDIC

UTOHRTLEEATS.

>

X List £ {(zo z1 ---) € List | z; € X}

M, SROELAFLLTOD X List AR Fa AV b
THRREBRCEATZH 7 0V A [7] RO B
DTHY, BALAWEDIKERTZZL. #dbL
VWA SR List H 5V [7] BO YRR 2w
DSEDILTEERILTHED, BIRFTRICESBIC S
ROWPHLEEEIZLREMTHY . [X] LW OB
bFEnd. LML XList i@ SRICEBUANT
HY. [X] LRHEDOTH 5.

A2 LIRDYYEY 7R

ZZTCEH LIRDOY YA YT AR ZDICHTTRES
T5. e LRARVZOEWHHRY YAy I %
EH#ETE. R7R L7705 TcoEMOBESR
EHETD.

A21 YUVAYIRCHETIHFE. BEBOES

L ®Y a2 —)V (MODULE name alist ---) € Lmod ®
name 8 €Y a— )V, alist & 70— N)VEEY X b
LS. =, LB (FUNCTION name alist seq) €
Lfunc ® name % L BIE& & WO, qlist,seq & €
NENLBEBO o—-HVEE) 2N, LRIV,
IABIKOWTUTOREEEHET .

LIR : COINS 7 0¥ = 7 h O EK#EHEEE 17

Am.(m.name): Lmod — String
(MODULE name - - -).name £ name
Am.(m.alist): Lmod — GlobalAlist
(MODULE n alist ---).alist £ alist
Af.(f.name):Lfunc — String
(FUNCTION name - - -).name 2 name
Af.(f.alist):Lfunc — LocalAlist
(FUNCTION n alist ---).alist = alist
Af.(f.seq):Lfunc — Lseq
(FUNCTION n a seq - --).seq £ seq
L &MY Zh (ALIST ey ez --+) € Lalist D ¢; %
BRHEUVRAMDOZVRMYEWD., BTV R ¢ DF—
BRI LE (String) B BRIV VANV THE. Z
DAFETVN VAL, YYRVETZYRY ¢, DTV
FUZSREWD.

Ae.(e.name) Ent — String

name

(name class ---).name
Xe.(e.class) Ent — EntClass

N
(name class - --).class = class

ZEIVNVDIV RNV ISRAUTOYY Xy 7 R
OV MU ISRCEET S, BTFOBRICHER (K
MTiAw).

Lalist = GlobalAlist ULocalAlist

£ FooExp DEFH% Foo RS, HIAWE Trid
Reg RATH B L WHIERBE Tr € RegExpl EHU
THY. TReg R riCDWT ...1 & Tr € RegExp I©
2WT ...l EHALCTHS.

RecCLexp dURAMNDEELTWS., ZO% E
RIBBEEDBYVRNLTHY ., LAOITI—F 2w
2. LR eDdI—K % e.code TET. I—KH FoO
THHRE FOORE BV D. Typed ROGHRIHE
BRIIZDODARDHERT LEATHNLSE. E0 2 L
RDEE W, etype THEYT.

Ae.(e.code) Lexp — Symbol
(code ---).code 2 code
Ae.(e.type) TypedExp — Ltype

(code type ---).type 2 type
LRXeDda—-FeHE (BLHNIE) BRICHA T
53 LAEHBECROARELDE L RKOJIHY b
LWV, eargs TRYT. ERREZFIUTOLEY
TH5.



W 00 N O O b W N =

SO D D DD D D DWW W W W W WWWWNNDNDNDNDDNDNDNDNNRERE R R R R R R e
0 ~NO O b WNEF O OWOWNO OB WNDERE O OWOOWwWNO OB WNDERERO WOWWNO OB WD = O

18

<Lexp>
<TypedExp>
<AtomicTypedExp>

<NonAtomicTypedExp> ::

<UnTypedExp>

<Ltype>
<Itype>
<Ftype>
<ConstExp>
<IntConstExp>
<FloatConstExp>
<AddrExp>
<StaticExp>
<FrameExp>
<LabelExp>
<RegExp>
<SimpleRegExp>
<SubRegExp>
<PureExp>
<PureQps>

<ArithOps>
<Conv0ps>

<BitOps>
<Shift0Ops>
<Tst0ps>

<MemExp>
<SetExp>
<JumpExp>

<DefLabelExp>
<CallExp>
<InterfaceVar>
<InterfaceExp>
<PrologueExp>
<EpilogueExp>
<SpecialExp>
<ParallelExp>
<UseExp>
<ClobberExp>
<Modifier>
<ShiftModifier>
<SubregModifier>
<MemModifier>
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<TypedExp> | <UnTypedExp>
<AtomicTypedExp> | <NonAtomicTypedExp>
<ConstExp> | <AddrExp> | <RegExp>
<PureExp> | <MemExp> | <SetExp>
<JumpExp> | <DefLabelExp> | <CallExp> | <InterfaceExp>
<SpecialExp>

<Itype> | <Ftype> | <Fixnum>

I8 | 116 | 132 | 164 | I128

F32 | F64 | F128

<IntConstExp> | <FloatConstExp>
(INTCONST  <Ltype> <Fixnum>)
(FLOATCONST <Ltype> <Flonum>)
<StaticExp> | <FrameExp> | <LabelExp>
(STATIC <Ltype> <String>)

(FRAME <Ltype> <String>)

(LABEL <Ltype> <String>)
<SimpleRegExp> | <SubRegExp>

(REG <Ltype> <String>)

= (SUBREG <Ltype> <SimpleRegExp> <Fixnum> [& <Modifier>])

(<PureOps> <Ltype> <TypedExp> {<TypedExp>} [& <Modifier>])
<ArithOps> | <Conv0Ops> | <BitOps> | <ShiftOps> | <TstOps>

| ASMCONST | PURE

NEG | ADD | SUB | MUL | DIVS | DIVU | MODS
CONVSX | CONVZX | CONVIT | CONVFX

CONVFT | CONVFI | CONVSF | CONVUF

BAND | BOR | BXOR | BNOT

| MODU

= LSHS | LSHU | RSHS | RSHU

TSTEQ | TSTNE | TSTLTS | TSTLES | TSTGTS | TSTGES

TSTLTU | TSTLEU | TSTGTU | TSTGEU

(MEM <Ltype> <TypedExp> [& <Modifier>])

(SET <Ltype> < <MemExp> | <RegExp> > <TypedExp>)

(JUMP <LabelExp>)

(JUMPC <TypedExp> <LabelExp> <LabelExp>)

(JUMPN <TypedExp> ( { (<Fixnum> <LabelExp>) } ) <LabelExp>)
(DEFLABEL <String>)

(CALL <TypedExp> ( {<TypedExp>} ) ( {<InterfaceVar>} ))
<RegExp> | (MEM <Ltype> <FrameExp>)

<PrologueExp> | <EpilogueExp>

(PROLOGUE (<Fixnum> <Fixnum>) {<InterfaceVar>})

(EPILOGUE (<Fixnum> <Fixnum>) {<TypedExp>})

<ParallelExp> | <UseExp> | <ClobberExp>

(PARALLEL {<SetExp> | <CallExp> | <UseExp> | <ClobberExp>})
(USE <RegExp>)

(CLOBBER < <RegExp> | <MemExp> >)

<ShiftModifier> | <SubregModifier> | <MemModifier>

=(<S | U> <Fixnum> <D | U >)

SIN
NV
e LROVYYEy Y=
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<Lprog>
<Lmod>

<GlobalAlist> ::

<LocalAlist>
<Lalist>
<GlobalEnt>
<LocalEnt>
<Ent>
<RegEnt>
<FrameEnt>
<StaticEnt>
<EntClass>
<Align>
<0ffset>
<Segment>
<Linkage>
<Ldata>
<DataSeq>
<ZeroSeq>
<SpaceSeq>
<Lfunc>
<Lseq>

Ae.(e.args):Lexp — Lexp List

e.args 2 O

if e € AtomicTypedExp

LIR : COINS 7 0¥ = 7 h O EK#EHEEE 19

( {<Lmod>} )

(MODULE <String> <GlobalAlist> {<Ldata> | <Lfunc>})
(ALIST {<GlobalEnt>} )

(ALIST {<LocalEnt>} )

<GlobalAlist> | <LocalAlist>

(<String> < <RegEnt> | <StaticEnt> >)

(<String> < <RegEnt> | <FrameEnt> >)

<GlobalEnt> | <LocalEnt>

REG <Ltype> <0ffset>

FRAME <Ltype> <Align> <Offset>

STATIC < <Ltype> | UNKNOWN > <Align> <Segment> <Linkage>
REG | FRAME | STATIC

<Fixnum>

<Fixnum>

<String>

LDEF | XDEF | XREF

(DATA <String> {<DataSeq> | <ZeroSeq> | <SpaceSeq>})
(<Ltype> {<Fixnum> | <Flonum> | <Lexp>})

(ZEROS <Fixnum>)

(SPACE <Fixnum>)

(FUNCTION <String> <LocalAlist> <Lseq>)

( {<Lexp>} )
My L7750V YRy R

W, LEEFEOEMD ZATH Typed RICBIT 2B
DTH 5. AtomicTyped ROFIKY 2 NBETH B,
Z0 N D Typed RIREICH L LRTCEF 477 A

e@lop type a1 -+ & [ m]).axgs 7 (k) R IR WHVBIBY R DL BB, ZNHMS
= (x1 -+ z,) if e € NonAtomicTypedExp DRE#HIE UnTyped REHT 200 TH 5.
(JUMP 1,).args () W e DEBEOHHSARTHSE., LWOIBEBRE rce

(JUMPC z Iy I»).args = (z Iy lo)
(JUMPN z ((c1 11) - -~ (cn ln)) bo).args
ool lo)

(DEFLABEL s).args = 0O

= (z 1

TRY. FEZOEBHHEEHS LN tvn, ef
TERY. AR ZORFANEBHHCEEHROHS L
Reww, g TH7.

A
L €Ea€ = T € e.args

CALL.’L‘O r1 --- T 1 " .args
( A( ( ») y)m)) g meieémeaevﬂmiee.argsmeixi

= (ko1 -+ 1o

Y om xE;eéwzereie

(PROLOGUE (wf wy) T1 -+ Xn).args

é($1$n) Lﬁﬂesé(eoel---)liﬂ’o‘v\‘( ei&e‘g@]\‘y
(EPILOGUE (ws wr) 1 --- &n).args TURNWLAREND., esli=eDEE, esDOY —

2 (@1 zn) Yay iO LAN eTHBL WD,

- n

2.2 VYURYYTAVXN)I)TDHIK

(PARALLEL z; --- z,).args = (o1 --- Tn) A.2.2 Tl

(USE r).args = (r)
(CLOBBER z).args 2 (z)

ZZ Tk BNF TREHERTWRWY YAy 7 Xk
DHMEEHET S, EIXVT AV I ABREETERRY
VEAYIRAFATIVI N X EELW X EWD, #lx
EELWLR, ELWLT7OY 5L, RY LRBT
5. UTRZ0HEHEBTH 5.

an) = eargs £ 35 ¢L
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validprog :
validmod :

validalist
validdata

validfunc

validseq :

validexp

validltype
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Lprog — Bool
Lmod — Bool

: Lalist — Bool
: Ldata — Bool
: Lfunc — Bool

Lseq — Bool

:Lexp — Bool
: Ltype — Bool

LATFIE validltype, validexp,validseq D E#HT
H5. WHEHEL T validexp_set,validexp_sem
EfEoTBY. BFE Set ROHBIC O W T OHIFK.
BERIE LRANCKETIHHERT.

validltypet 2
t€Z - 0<tAt=0 (mod8)
validexpe =
validexp_sete AVz €, e validexp_semz
validexp_sete é
if e € ParallelExp
then Vr €, e validexpx
elseVr €} e z ¢ SetExp
validexp_seme L BICEHREIND
validseqs =
A Ve € s validexpe
A Ve € s e € UnTypedExp + SetExp
A mklabelenv s # DUP
A Ve€s (3z €L e z € LabelExp)
— e € JumpExp
A VYe€s (Vzx €L e z € LabelExp
— (mklabelenvs) (z!2) # 1)

Z ZIC mklabelenv & L RFIEFIHE L. SN
FINC LN A EH (DEFLABEL) S TWaH O - 3
VEMBSELWHEE (RICEHSNS L BEO
LabelEnv) ¥ ETBIBTH 5. EEL “HEHENHE
LEBYYR) DUP 2BF. ZOBEED ToFH 4
WREZ] PO LBEEOERZEOFTEAONS.

FTRHLbBELWLEATE., 20N Fixnum THh
FEDETRFNE RS 2V, IEL W L R Parallel
REBRE. Set REHWHRL UL TEATERB R W,
FEELW LRFFELWYW LROYRAMT., vy T
VARJAD UnTyped RE Set ROBNBH22HEHDT
HY., FRNVRT Jump ROARZ Y R UM E BN
3. Label RICKIET 55 X)V ik —HEWIC DefLabel
RTEZFESINTWERITNE 2D 2V, va]_idexp_sem
BRI LARDEYYT AV I ADHTEHIN S,

June 2002

A3 LIRDESYF AV TR
UTFHPHEEE LIR ORKER —-ETHs. Zh
5% (Bmn) EBELTELZLICEY LIRD
IV TAVIREERB.

: Lprog — L 707 ZL0DREK

: Lmod — L EYVa—-JLDOEIK

: Lalist — L #& VU X b 0 &Kk

: Ldata — L7 — X DEK

: Lfunc — L BB Bk

: Lseq — LRIIDRFT v TEITDOREIK
: Lexp — L RDEIK

: Ltype — L 2 AT DEIK

NN IS I SRR

LRFEWbEa—-ReF AV NCEIMETY Y
BEFIEBHRL WS, & LR e; RIERETEND
ZETAEVICHLTHAZFEZRTRD. AETVEL
RO =T, LEN>THICRET 2HEN
H5B. Zhi L ATV LS. -0 LRIV
URAEARFZRUVRAERLTWVWABDT, N5 DOMNED
BEX20ENDD. Zhk L BELIES.

ZZTCRET LAV L LEBOEBMERE S
L., Z2h 2 ERN{LT5. 2L TOEFTERICBT S
LROEHEOBREESEABZLICEY BRER: &
5.

A3.1 L AEVe LEBEOHBEK

LAEVIUTOIOMNSRE, ZNEFNICHET
2 LAOHEBHREREHWT S, ZZT A€ Itype
E7RVAERTETH 5.

(1) BT S5bA7Y %~ pe.
LB LR (egey ---) TRICETTARE
B|EODAT—v a3y ERT. ZD pcld LIR D
VIZRZTHEBTERWN. pc =i DL X ¢
DEITH. pc FBEF 1 FHAZP. Jump #F
DEHEF Label ROFRITOTF —Y arNg&keE
EX IR

(2) 70755 AEY pm
LEBNREIMNTVWE AT, @EPXAEVIC
EDEOSCHESNZMETYVICKREL T
5L, ZORFAEMLBEL THREMLIFHEHL2E
DICEOENS. koTHEAITOTSLAEY
PREFETIHRE/MLADBEDEMEKBHE v b N
R—= T3, YVEYIRFT Iz RE
LTCO LBEBETSE. ARTOTSLAEY
BEvYyT4v 7 2AOMRICETZDEDTH D
AN, HEEECIT O SLERNEETH S
M, TV SLATURNMMERETIZEOR VY
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(3)

(4)

(5)

No. 6

A PAAT Iz L TWB, ZOAEY
K7 7B AHMKDDIIHE— Call ROBTH Y.
Zhd LEBOETYTA4v I AEELTO
T RAICHEBT S, ZOXDICEFNVL T
B, LS BFErE#ELLEZOBRMETITRD
ZLRAHRTHE. FMIT ST AVIR
THHET 5.

VYREZAEY rm.
PNAVYZRABREINTWE AEY, RIKE
HFOHABWLEYVIZARIRDT—RAEY L
7R VAEEORERZVI AR AEVICED
nNTWBLT 5. EoTVIRADTZR L AN
BETSH. LMW ZFLET—FZAEVD7RV
AREEFRERY, T-EZAEVILT /AT
ZMBILEoTVIREAET VI EATEHZLIE
HESR 7 v,

Reg X (REG t s) & s € String CHEZIN S
BHMtODUVIZAARBEMLTWEHEERT. £k
Set 3 (SET ¢ (REG ¢ s) v) 2 t ® Typed &R
v DEEZDOVY ZAZDHLWEHEL TEEDIC
HERABETRD. KT "eFPT 2 W D XFFT
BINBVIREE TV —DbLERAVELEWD,
F—ZAEY dm.
F—ROEIMNTWEHAEZARRAEY
B ADEED Typed RiE dm D7 RV A %
KT LHHRHERS. Static X (STATIC A s) &
s € String THIEZNS dn DTNV A&
F. Frame X (FRAME A 5) & s € String T
MENDZIATEY MNMERBED IV — LR LAY
ADOMBICMATEREINS dmDPF7 RV RAER
F. ZDLE gk JVU—LERLIES.
Mem X (MEMt @) X dn D7 RV R qil$H 3
BtD ATIz7 N BBRL., TADNEML T
WoHIEERY. X Set X (SET ¢t (MEM ¢ a) v)
32t D Typed R v DEEZDOAFT YV b
DHLUWEE THEIICEZRAARRTRD,
MV =X tr.
AEVUANDSRICEKY 10 27DV Y TR
BBOBKLELTHEED AR )ADHAEE R
BRI LU CHEELEV AN EEZRT 2HEDN
5. TDVANERFETIEDOERTHS.
ZDEIREBIEEON-R T VIR EFE
LW, ZhidHpL ETERREROER LOZE
BTHd., AEZEIN MV —IANEHREINDI T
TV 27 M% volatile A7V 7 b 2w,
volatile # 7Y =2 7 N DBREZHICITKRD S v

LIR: COINS 7 oY =7 b DEXREHHEE 21

ALAF—NBBET 5.
(6) SYHELAFT—h rs.
BH®REDRTHEDLN ELB AL BB random DR
B(ER) ERETIER. 22238 T50
22D random MBDHTH 5. ELEITEIKE
BICBWT, HDEREOEETFNTEZLTH
BERBEOR (BPEo k) BRBEMLEEILT
2EDICEDNSG. BIAT volatile BH x I
DWT x-x2 0LT20RBYTHD. B4
X volatile ZHIC., ZOHIEICILBTHB L
WORKSITE2T B2 T, ZOMBEICKHLL
W5,
LERIUTOLIDONDRD.
(1) Reg ROHIE reg.
BB DETD Reg X (REG ¢ 5) D s € String
K rmHOBEERT RV R regs #XHSE 2.
INICEY REGtS) X rmFDEDT7 RV R
WKEMEE tDVIRRERTZ LIRS,
(2) Static ROMIE sta.
BMEBHDOE2TO Static X (STATIC A s) @
5 € String I dm FOEHERT KV R stas
EXNINSES. ZHhICEY (STATIC A 5) i dm
HOED7RVARERT Z LIRS,
(3) Frame RO ML fra.
BMBHODOLTOD Frame & (FRAME A 5) ®
s € String K7V —LRAVANDDBEY
BRAT7EY ME fras BRI B2, ZHhil &
Y (FRAME A s) REHED 7V — LR AV & 48
EEDFTEY NMEQORITHESLND dn HD 7
RLVRAERTZ LIRS,
(4) Label RDXIE 1lab.
BB HDOLTOD Label X (LABEL A s) @
s € String KB O O —Y 3> labs %
HBERSD. ZHhICEY (LABEL A s) B
HoZzoOar—vaveRTZLilhs.
BEDX>HRLAEVE LEEFNEEKHIC—DOH
EABDNELTBZE LRAELT L EBOEKRNEE
T2, LRAF| sclLseq D 1 ATV T EFTORIKE
S[s] t#ET2L, TNEUTFOE> 2BELD
HEBTH5.
Sﬂs]]:ﬁi% S XAFY S AFEY
Thbb S[s] L. BEESHBLL. ERiDORXE
UL, sD 1 ATYTDEFTROAEY 2EHT R
F=hMNSURTA—VEETHETH 5.
UEDBXHFT LIRODEIYT AV I AEEHL
TWw., BIREHBICEDN 2EH. B, 2T E
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BAFTDOEICERSINTWVWEIGA.

foo 2 Unspecified

ZNE foo D EKMIREHE LIROR F2 A b
cLTREARY, EWOEKTHS. BEhESR
READIYVICKYRRBZEZVWDI T — 2T, — W
KREHRTHZENARTRRES. EREZIDLDIC
Unspecified 2L THL. EEL. Y VICEKYER
2rEVWoTEH, BREHRDHME LAERRED foo
WKRSNDIGENH DN, ZhRENICEREH 5.
20 & DICEHEN Unspecified EHRONTWEEH %
LAREH |k Unspecified €8 & 5. BH. >0
TLEKETHL. ZhSDEGHREREI Y VR
OEHEISEHFEIN S, TV VEBOEHL Unspec-
ified BB OMBRE Y Y ERICHTENFa 2y
FNTREHRZINS.

A.3.2 EVNFIENANDRES

F—=AERITNAALLT, Y NREHTS.
¥, AEVUTT7RVRAEBREINZE/NEMOE v
FIEUTNA N EEHETS. BRON-RVT7:E
BLU INANE 8EYNEEHT B.

Bit : N — Type

Bitn = {0,1}"
Bits : Type
Bits = U Bitn
# : Bits > N
A
# bn_l e b() =N
# : {Bitn|ne N} > N
. A
# Bitn = n
Byte : Type
Byte = Bit 8

Bitn i {0,1} ® n EETHY n¥y hDF—&
MHRZEERT. Bits @R2TD ne NIK2WT
® Bitn PFEETH Y. BHREHRE L THEAT 5.
H#bTHDEY MEERT. 2 nEYROE Y L
DHRE Bitn KL TH #Bitnld n 2XRT LT3,
vy ¥l peBitn LOBERRBTE, ZOEE Y K
BWAN Y =by 1.y LETLTBHILTHEY M %
BT 2. Bit0 REARHIC 1 NEE {§} &5,
0 € Bits W EBIMEMEE RS2 WA, BR E Bits
DEERTETHLERBRERTHRVRTVWE D REK
NEIFTEELUTEHAIND.

DTRE Y NI EHEH 2B BRI EERTHS.
N ZHENRFSRLBE. Z 3BT =
BY, RIHEMHNL2BZHNMNIEEZEATVS.

June 2002

nb : Bits - IV
nb by_1--bo = Y0 bix2
zb : Bits —» Z
zb by—1---bo nb by_1---bg —bp_1 x2"
rb : Bits > R,
rbb b @ IEEE ¥ 8/ B R

rbb T b€ Bits » IEEE R TEHR L bW
A rbb=1TH53. LTEIBEZEHR2BEEL Y MFIC
ZHITEBTHS. br D b ARBHLEBTH Y.
brnz T A IEEE RO ny bERBEHELERZW
BEd rone=1TH5.

>

>

>

bz : m:N - Z — Bitn

bznae 2 b E€Bitn o =nbb (mod 2™)
br : n:IN - R — Bitn,

brnz 2 z® n¥ v IEEE B B/NEHRR

A3.3 LEATOEYYT AV TR (T)

Ltype = Itype + Ftype + Fixnum T %. Z ¢ A
IEER FCHRED TEROLE, ZDfEER ¢t DE Y
MNEL &3, FixnumPHEREZNANEY NETH 5.
HH validltype iC &2 T, 0k 8 THY YN B
EQ¥BTHS.

TR LEATOBKRBEETHY., EABHLEL X
AT OEKELTOMERT. EBRKICIE TIn] &
nEY NOEEE, T[Fn]d nty OBRENERE
RILEBEXEWHBHARY, LAL. BADEHT
BUATKRTEIK In & FRn KA—0OE~YY T 4v
V2EEZTWS.

T : Ltype = Type

Tlin] £ Bitn
TIFn] £ Bitn
Tln] £ Bitn

Bitw : Type
Bitw = {n € N|3t € Ltype T[t] = Bit n}
BFEODETHEIMNTFERLTHSED., HDH5VWEEH
NETH BN, EVWOIRMNIERTDET7—-FTFTIF¥
DES>RBIDERE, COINS THHELTWEN—
RTCET—XZ0d00RTIE R ARIEETRA
ENDZEDTHD. BIVTAVIRADEHETHEN
ERBL. BICZOE Y MNE n 282 Bitn B &
. Bitw ABKRERICBVWILE Y NEOETH B Z
CEHRTEEDICEDLDN S,
A.3.4 L AEVDESH
LAEVEBEBAVYX, VIREAEY, T—4
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AEYUNDRE. NANBETZR VATV TWS
BOLTE. TROBEAEY m &id N 25 Byte N
D 4 B m: N — Byte | L&EZXB. 5T domm
NEBRDO7RVAZMERT. ZO7 RV RAEMITR
KHET LD TV -7 —Yavick Yk
Bans.
DFrRor—yay., 707 SLXAEVD7R VA,
VYRR AEUDFPRUVR, ELTCF—ZAEVDT
RUVADBEHRTH . ZERICEILT NTHY. Z
DEHFFIBICKRFa2 AN EOEETH S.

Location 2 N
PMemAddr 2 N
RMemAddr = N
DMemAddr = N

DTFE 707 SHLAETYDE PMems. VY AR X E
U DE RMem. BU'TF — X AE Y DA DMem D EFHT
»5.

PMem, RMem,DMem : Type
PMem é PMemAddr — Lfunc
RMem 2 RMemAddr — Byte
DMem = DMemAddr — Byte

BHRIERICBITIBZATYDHEWVWT., DXEHHA
HORHBZDOT, ZZTHHEHL THL. BHRIRT
EABUNBSBEBRELTCRBESATWHZ 2 2]
HLT LEBOEITHCOAEETE IV L%
F£BT5., EAd m:DMem EWDO AEVIC L B
BMOEITFICEIVEEINETILV —LRXEY 9/ :DMen
(221 domm' Ndomm = @) ZEML EBDI
m' 2 mi=m tEIhE. L BROEFICH
WCTR 7V =23 ZhUNOBHEBEIH BN, L
BBETHICE IV —-LRBHREH. 32O mD>D
BTV - LEBANOEBHDBED RN L EBORERL
LT@EEgEhridhidadblwnw, Z2hizdhbbd m
DR ALY ETTD domm W HIFRL =B DI b
W, 2% Y LEBOEERT m" |annm ERBENRD.
HBOT 7w 7R VIZRRZAEVICHBEHEIATWY
5. FME LEBORYYTF v I AEBROZ L.

AEUANDBRICEY 10 247RD>& DTV VT
BEBOBRICHEED AT VADEZRAR, HHARAR
PRI LUTCHELEVAN 2D HEND 5.
ZOEIBRNBLEDAV RS V7Y aYERBATZED
K. 77 vayniERIEREEETEIN L -2V
SYUARNP L AEVIKREET 5.

LIR : COINS 7 0¥ = 7 h O EK#EHEEE 23

Action, Trace Type

Action Symbol X Ltype X [Bits]

2
2

Trace [Action]

77varvDYANEN Trace TH 5. UTIRH
BEFEINTWET7I/Vay, 2077 vary 2 EE
T (TREOS ) LROI-F, 2077 Vs
VDRBTHS.

AL B Action
Ft B ih H (READ, ltype, [address])
FERH | (WRITE, ltype, [address, value])

UERFLHEION LAEVERSE. ATD Mem
MLAEVOHETHSE. BED rs IV X LAT—
NTH 5.

Mem : Type
Mem 2 { pc:Location,
pm: PMem,
rm: RMem,
dm: DMem,
tr: Trace,
rs:R}
BRRELROMRIOEDIC, 7/ VarvEhl—2R
KEMT2HBEEHT 5.
addtotr

:Mem — Symbol — Ltype — [Bits] — Mem
addtotro s[t] b

é o= {.tr =o.tr ++[(3= I[t]], b)]}

AEY D Endianness ® BRARMFI TV VICERET
50T, AEVANOHEAHE BB % Unspecified 72 #
SEBLE2BA Y. ERNREHRTIILUTO X
TUVBEGROMBEREFIHT 3.
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bits2bytes:Bit(n * # Byte) — [Byte]
bits2bytes wy_1---wiwo

-y Wn—1]

bytes2bits:[: [Byte] — Bit(# ! * # Byte)
bytes2bits [wo, w1, . .

N
= [wo, w1, ..

-7wn—1]
A
= Wp-1-"""W1Wo
readbytes
:(IN = Byte) - N — N — [Byte]

readbytes min

£ ml,m(+1),...,m{l+n—1)]

writebytes
:(N - Byte) > N - N
— [Byte] — (IN — Byte)
abnfl]
A
=m:=[l—>bo,l+1—by,...,
l+n—1»—>bn_1]

writebytes mlin[bo,b1,...

bits2bytes & bytes2bits T — K & Byte O
VANDHEREHTH 5. readbytes min iE A EY
mODTRVAIDL p NAPEVANOETHRTS.
writebytes mIbEXEY m D7 RV R [ABNA
FDYRM pTEXLNENA N RZIEREZAL. (&
ELUBZHREBL L TERT HEDIC. BENICE
ZFRALOTE AL, HHEBELEAEY 2ET., &
WOBTEHELTWVWS. )

DFRAEBIVPVIYZRE7VEAKRHET S LAOD
BREHETHEDLDNLWIBEBTHS. ZHABEI MV —RIC
X7 7EAL 2wV,

rmread: Mem — RMemAddr — ¢:Ltype — T [t]L
rmread 2 Unspecified
dmread: Mem — DMemAddr — ¢:Ltype — T [t].
dmread 2 Unspecified
rmwrite
:Mem — RMemAddr — ¢:Ltype
— T[t] — Mem
rmurite = Unspecified
dmwrite
:Mem — DMemAddr — ¢: Ltype
— T[t] — Mem
dmurite = Unspecified

rmreadoa[f] AV Y XX AEY oom D7 RV R g
KHBMtOAT V= S OEEE T[] PfEEL T
BT, dmread HBF —Z XA EVICH T2 EAHKOEHKT
H»5. rmiritecatfjw EVYAEAEY grm D7
RUVRgic, Bt DfE w 2FERAT (BB 3AERIC

June 2002

BAE o BHBELRWT, BEShEHERAEV 2
#EY). dmwrite DFHBTH 5. dmread & dmwrite
FHOBEBTHE. ZhICKYVERRIEY, NYY
FURHEERBTS.

AEVBEHEDOEZEDHRRIC TELBBLEBEK 2EH
T35, ABREBERERCBVWT., RICHRERME (L
TlkAaWw) PRAZHABZLWHIZLE2ERTED., RV
HEREODEETFHITZZLTCHRBLRE LS R (H
NEok) BEILERIETZEDICHEDLNS.

LB LB random E B FHRBERLE L TERT
BEDIC. LAEVDOS YA LAT—NDENS ML
MOHET TEEI & TSYHXLAF—POEERD
KBICEELEL ATV 2ETHBOLTS. 20
BB TCHEShEEBE PHAREMEE WS, BiREERD
FEHDE®IC random BEIFZUTO X DICHIHEL T
LAEVERS L, AEHRELBEKIT rand &7
%. U T rand & Unspecified 882 32. 20®
BMixznA>7 VA N ERBELV—F VI TR HK
BRWEkDICTBHZLTH5.

random : t:Ltype — Mem — Mem X T[t]
randon(t] o 2 (o:={rs=r}, v)
where

(r,v) = rand[t] o.rs
rand : t:Ltype - R — R x T[t]
rand =2 Unspecified

A.35 LEHEDOES

LEEIXLRNE MemDPXHTH 3. Frame D 5[
BXFEHIRMETH2DOREATEY NMETHY ., ZD1E
LTV —DLRAYEADEDFIN Frame ROEXTHD
THok. ZJV—LOMUBHEFT AT YAV MR
H#ROT, A7V NOBE Z &35,

FrameOffset Type

A
FrameQffset = Z

AT LEREEEBRITS5T T NVOHDEHRTH 5.

RegEnv é String — RMemAddr

StaticEnv S String — DMemAddr
FrameEnv é String — FrameOffset

LabelEnv é String — Location

ZOEDKEHLEILZTOTF—T IV ELERELT
EHETD. Tabd LERCEATHEVWRVWRLTOD
VYRR XFINCONWTASHDOEY ST 2IFR o
TW3EDET—TIWeT5. ZhDT—-T IV EED
20N, LEELRS., ATD Envd LEEDE
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TH 5.
Env : Type

Env 2 { reg:RegEnv,

sta: StaticEnv,
fra: FrameEnv,
lab:LabelEnv }

DT LIPS SANVEERZMEDS mklabelenv
DEHETHS. L AFIFD DefLabel XD XFFIC
DO —varvEMNGI ISR EERT. EEL
CEEBNIFELESYYRI DUP RET. IEL W T,
RIICTRZDES>RZFEER Y (£} validseq
DEBICZOBEBEFE STVWS) . SRNUBEEICOW
TE LRAFINSEBICEES. KEMHHBTF LIR
DRFATESRANVXFINEALERBTUCL ZHBITA
MICLoTORPTESEBRELTCOZLTHY., A1V
TUVAYRNTRIRNVOSREERET — 2 EEDOY
JTRETBZLLEXIONS.

mklabelenv Lseq — LabelEnv + {DUP}
mklabelenv s = 3

A36 LRADEYYF VIR (S,E)
SHMLRAF s 1 AFTYTEFOBEREBTSD
5. S[s] NEBEIREIL pEnv 231 BELTEXS
E1ATYTEFTEGTRD MemBD AT - FY
A7 A - EET.
S : Lseq — Env — Mem — Mem;
S[slpo 2 o
where
o & o= {pc =o.pc+1}
(o2,) = E[s! o.pc]por
22T ERVEHD LADEKBEBTHY., X
ENE Mem ERDEOMEET.

€ : Lexp — Env — Mem — (Mem X Bits)

€ X UnTypedExp K DEHIN S, 205 &, T
s, UF. & LRAKCHLTEZDEKRER % 4T
D, £EMEFIC validexp_sem BREHSINS. LT
WEREROHMTH 5.

(CONVSX ¢ 1)
(RERIN

t,t1 € Itype A w > wy

E[(CONVSX t z1)]po £ (o1,bzw (zbwi))

BERRERICBNT, BEOEDICROBWEE

LIR : COINS 7 0¥ = 7 h O EK#EHEEE 25

an

. BRICHENS z; W z; € TypedExp T. i
ti, w, wi, 04, v; PEDTERBTREZESNTVWARWVWESR,
UTORBENEDOEBATHEALRD LTS, M., 2
DEHXRIEMEHDD 551 BN BRI HBIECLEIS A
ANCFMMENBZ L ERKLTWS.

A
t; = x;.type
JaN
w 2 #TIH
w; 2 #T[H]
(o1,01) = E[zi]po
(02,02) = E[z2]pos

(0i,v:) = Elzidpoia

LHEBREROEZ LD LRE c 235, £RT D
EHICERCBEBENBN B, ThiZBREIROH
STEARW, ETHRAICEBRDOE ¢, w, wi, 01,01
BEOBMICHEVEBZIN S, o ITH  HHREN
validexp_seme &% 35. ZOBHERUTOREEHENZ
DFERERICHEL TWB LT 5.

validexp_sem[(CONVSX ¢ x1)]
£ t,t1 € Itype A w > w:

HHRIRED R VWE AT validexp_seme 2 true T
H5., TORCEEC kDYWL, gle] 0T -
WREBENEZOND, HEEKREBANT. ZOEK
EHRICHER Unspecified BBEEHRT 2LV H
5., FEHEBOBRERTHETES LD RlHBEK
EEHETIILEHE. ZADHOBBORI-TIEAR
RF¥arvh246THs. BRERIT L RoNE -
VZEL BT TCRBEINTVEN, EDONE—-VILD
RYFLRW e IKDOWTI validexp_seme 2 false
L33,

A.3.6.1 Const &

ZZTIE Const RICKMT B & 2E&HET 5.
ASMCONST Rid Pure RICHTHEI LT W5,
(1) (INTCONST¢z) t€ Itype
2€Z BTt TRUEBRMEERT.

E[(INTCONST t 2)Jpo = (o,bzw 2)
(2) (FLOATCONSTt¢r) t€Ftype Abrwr # 1
re REM tTRLUEBEH/IBMEERT.
£[(FLOATCONST ¢ r)]po 2 (o,brwr)

WL ODNDBEIRFEBRTIEFTRANT Const REEY. 7
WBICEHLTWEDT, Const REMELEBEZZT
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E#ELTSHL.

mkconst: t:Ltype — T[t] — Lexp
mkconst[t] b 2 ifte Itype then
[(INTCONST ¢ 2)]
where z 2 zbb
else
[(FLOATCONST ¢ 7)]

A
where r = rbb

A.3.6.2 Addr R

22T Addr RIS T2 £ 2E&HT 5. Static
RF7O0—-NNLVZEHEDO7 RV R, Frame Rlx0—#
WVEBODTZ7RVARRTEDDEDTHS. Label N
I LEBonoyr—-YarEERT.
(1) (STATICts) t€ Itype
s € String CRENBZT OV SLATV EERT —
AAEYVD7R VR,

E[(STATIC t S)]po = (o, pzw (p.stafs]))

(2) (FRAMEts) t€ Itype
5 € String TRENDZATEY ML TV LR A
AOMTERENDT—ZAEVDF7 RV R.

E[(FRAME t s)]po
= (o, bz w (nb(rmread o(p.reg["OFP"])[t])
+p.fra[s]))

(3) (LABELts) t€ Itype
s € String TREN B0 —v a3,

E[(LABEL ¢ s)]po 2 (o,bzw (p.1ab[s]))

A.3.6.3 Reg R

ZIZITH RegRICXNT 2 £ 2EHTH. YVUD
BERRU-RFNERIYNIRENTOERBEST, AR5
VRIKHEINEVYZRRZD—-HILTY 7B AT 284
NHd. ZOXORWPH/PRVIREE, ROV I R
RDEHLVI AR E WD,

DFOEENEDN 5DIE Reg AW Set RDHE—
BIBUNT., ZOV I ZEPEML TWBIERZEY H
FTLVWIHEIAEDLNBE LI Set AV EHES H
TW5.
(1) (REGts)
5 € String TREN BV I XX D1E.

E[(REG t s)]po
2 (o, rmread o (p.reg[s]) [t])

(2) (SUBREG t (REG t1 8) n [& m] ) w <

June 2002

w1 A0<n<w/weN
EBIBTHEINBVIRAD n BHOBHLV Y
A ZDHE. m € SubregModifier K ZZ TR B
N, ZOET A 77 A7 DBRICODWVWTIE Set R
OREKEREBRBOZ L,

E[(SUBREG ¢t (REG t1 s) n [& m]]po
2 (0, rmread o(p.reg[s]+
subregoffset[t] [t1] ») [t])

Z ZIC subregoffset W& t; DVY RAAHT n &
HEOR t ORHVIZRZADATEY N EEX 2 Un-
specified BI¥(T 5 5.

subregoffset
:Ltype — Ltype =+ N =+ NN
A .
subregoffset = Unspecified

A.3.6.4 Pure R
ZZTH Pure RT3 £ 2EHT B,
(1) (NEGtz1) t=t:
45 )E.
EINEG t z1) ]po
£ (o1,bzw (—zbwy))
E[(NEG t 1) ]po

= (o1,brw (—rbv1))

if t € Itype

if t € Ftype

(2) (ADDtz1 2 )
.

t=1t =1

E[CADD t x1 z2)]po

£ (02,bzw (zbvy + zbwy)) if t € Itype
E[(ADD t z1 z2) ]po

£ (o2,brw (rbui + rbuwy)) if t € Ftype

(3) (SUBt.’lI1£L‘2)

t=1t1 =t

E[(SUB t z1 z2)]po

£ (o2,bzw (zbvy —zbwy)) if t € Itype
E[(SUB t 1 z2)]po

2 (o2,brw (rbu; — rbwy)) if t € Ftype

(4) (MULtziz2)
RE.

t=1t1 =t

E[MUL t z1 z2)]po

2 (02,bzw (zbwy * zbwy)) if t € Itype
E[(MUL t 21 z2)Jpo

£ (o2,brw (rbus *rbwy)) if t € Ftype



Vol. 43

(5)

No. 6

(DIVSt$1 $2) t=t1 =t2

BEOEREA.

(6)

E[MDIVS t z1 z2)]po

= (02,divz w (zbw1) (zbwy)) if t € Itype
E[(DIVS t z1 z2) po

£ (02,divrw (rbv;) (rbwz)) If t € Ftype
divz:w:Bitw - Z — Z — Bitw,
divzwnd £

if d = 0 then | else bz w (truncate(n/d))
divr:w:Bitw > R -+ R — Bitw
divrwnd

2 if d = 0 then L else brw (n/d)

(DIVUtxz1 z2) tEItype At=t1 =12

BERURE.

(7)

E[(DIVU t 21 z2) ]po

2 (02,divz w (nbwv1) (nbws))

(MODS t x1 2 ) t EItype A t=t1 =t2

HEo>ERR.

(8)

E[MODS t z1 z2) po
= (o2, modz w (zbv1) (zbws))
modz: w:Bitw - Z —+ Z — Bitw.
modzwnd
2 if d = Othen L
else bz w (n — d * truncate(n/d))

(MODU t 1 2 ) t EItype A t=t1 =t2

BHERLUER.

(9)

E[MODU ¢t 1 z2)]po

£ (02,modz w o (nbw:) (nbwy))

(CONVSXtz1) t,t1 € Itype A w > w1

YRR,

E[(CONVSX t z1)]po = (o1,bzw (zbw))

(10) (CONVZXtz1 ) t,t1 € Itype A w> wi
¥ ok,

E[(CoNVZX t 1) ]po 2 (o1,bzw (nbwy))

(11) (CONVITtz1 ) t,t1 € Itype A w < wq
BEOEWERA.

(12) (CONVFX t z; )

E[(CONVIT ¢t z1)]po 2 (o1,bzw (zbw1))

t,t1 € Ftype A w > wy

BEOBHWEZH /NI,

LIR : COINS 7 0¥ = 7 h O EK#EHEEE 27

E[(CONVFX t z1)]po 2 (o1, brw (rbuv1))

(13) (CONVFT ¢ z1 )
HEOBWEEH /N

t,t1 € Ftype A w < wi

E[(CONVFT t z1)]po 2 (o1, brw (zrbw1))

(14) (CONVFIt 1)
BN D BEA

t € Itype A t1 € Ftype

E[(CONVFI t z1)]po

= (o1,bz w (truncate(rbuvy)))

(15) (CONVSFtx1 ) ¢ € Ftype A t1 € Itype
o BENDS B /NBA.

E[(CONVSF t z1)]po = (o1, brw (zbwi))

(16) (CONVUFtx; ) t€ Ftype A t1 € Itype
FERUBEMNS BH/NEA.

E[(CONVUF t z1)]po = (o1, brw (nbwy))

(17) (BAND t 1 z2 )
WELH.

t € Itype A t =11 =12

E[(BAND t z1 z2)]po = (o2, bitop (Azy.
if t =1Ay=1then 1 else 0) v, v2)
bitop
:(Bit1 — Bit1 — Bit 1)
— Bitn — Bitn — Bitn
bitopf Tn—1°""20 Yn—1"-"Yo

A

A
= Zp-1---20 where z; = fxz;y;

(18) (BORtz1 x2 )
R BRI

t€Itype A t=t1 =t

E[(BOR t z1 z2) ]po 2 (o2, bitop (Azy.
if z =1V y =1 then 1 else 0) v, v2)

(19) (BXORtz1xz2) tEItype At=t1 =12

Pt By 3 LA

E[(BXOR t z1 z2)]po 2 (02, bitop (Azy.

if x = y then 0 else 1) v1 v2)

(20) (BNOT ¢z )
B E.

t € Itype ANt=1

E[(BNOT t z1)]po 2 (o1, bitop (Azy.
if x =1 then 0 else 1) v; (bz w0))

(21) (LSHS t =1 z2 [& m] )
t1

t,to € Itype A t =
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WoDY 7hRFPICBWTC., EV I, HYITROK
MEY 78 AT MR EOHZEDOHEIC LS. FED
EVIINMFERLYITINDORBEIY 7 NEND 14
Dl v, DRRICKS.

(22) (LSHUt z1 x2 [& m])

t1

E[(LSHS t z1 z2 & M) ]po
= (02, genericshift w (zbwy)
(shiftcount vy [m]))
genericshift: w:Bitw - Z =+ Z — Bitw
genericshiftwnc £ bzw (floor(n = 2°))
shiftcount:Bits — ShiftModifier — Z
shiftcount b [(snd)]
2 if co = c1 then c¢g else
case [dlof D=>c; U= L

where

f

Co

case [s] of S= zb U =-nb
fb

f(bznco)

> > 1>

C1
t,t2 € Itype A t =

BFERLUEY 7.

(23) (RSHSt x1 x2 [& m])

t1

E[(LSHU t z1 z2)]
2 E[(LSHU t 71 o5 & (U 5 D))]
E[(LSHU t 21 z2 & M) ]po
2 (02, genericshift w (nbwv)
(shiftcount va [m]))

t,t2 € Itype A t =

FE>EHY T b,

(24) (RSHUt z1 x2 [& m])

t1

E[(RSHS t z1 x2)]
2 E[(RSHS t z1 2> & (U 5 D))]
E[(RSHS t z1 z2 & M) ]po
2 (02, genericshift w (zbwv)
(— shiftcount v; [m]))

t,t2 € Itype A t =

FERUAY 7.

(25) (TSTEQt 1 z2)

E[(RSHU t z1 x2)]
2 E[(RSHU t 1 @5 & (U 5 D))]
E[(RSHU t 21 z2 & m)]po
= (02, genericshift w (nbwv)
(— shiftcount v [m]))

t € Itype A t1 =t2

June 2002
Lo (z1 = z2)-

E[(TSTEQ t z1 z2) |po
2 (02, tstrw (A\zy.z = y) (zbwv1) (zbv2))
if ¢, € Itype
E[(TSTEQ t z1 z2) |po
£ (o2, tstr w (Azy.z = y) (rbv1) (rbv2))
if t; € Ftype
tstr:w:Bitw — (R — R — Bool)
—+ R — R — Bitw
tstrw fzy
2 pzwif fzythen1else0

(26) (TSTNE t x1 22 )
thﬁ (xl # -'KZ)-

t € Itype A t1 =t»

E[(TSTNE ¢ z1 z2) |po
= (o2, tstrw (Azy.z # y) (zbv1) (zbwv2))
if ¢, € Itype
E[(TSTNE t z1 z2) |po
2 (o2, tstr w (Azy.z # y) (rbv1) (rbve))
if t; € Ftype

(27) (TSTLTS t 1 x2 )
e EHEK (21 < x2)-

t € Itype A t1 =12

E[(TSTLTS t z1 z2)]po
= (o2, tstrw (Azy.z < y) (zbv1) (zbwvs))
if ¢, € Itype
E[(TSTLTS t z1 z2)]po
2 (o2, tstrw (Azy.z < y) (rbv1) (rbus))
if t; € Ftype

(28) (TSTLESt 1 x2 )
FEOEHE (21 < x2)-

t € Itype A t1 =t»

E[(TSTLES t z1 z2)]po
2 (o2, tstr w (Azy.z < y) (zbwv1) (zbvz))
if t1 € Itype
E[(TSTLES t z1 z2)]po
2 (o2, tstr w (Azy.z < y) (rbwv1) (rbvz))
if t; € Ftype

(29) (TSTGTSt 1 x2 )
FEOEHE (21 > x2)-

te Itype A t1 =1t

E[(TSTGTS t o1 2)] = E[(TSTLTS ¢ 2 z1)]

(30) (TSTGESt zi z2 )
BEOEME (1 > 12).

t € Itype A t1 =12
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E[(TSTGES t z1 22)] = E[(TSTLES ¢ 2 1)]

(31) (TSTLTU ¢ z1 x2 )
HEl L (2 < )

t,t1 € Itype A t1 =12

E[(TSTLTU t z1 z2)]po
£ (02, tstrw (A\zy.z < ) (nbv;) (nbvy))

(32) (TSTLEU t =1 2 )
e U g (xl S xz).

t,t1 € Itype A t1 =12

E[(TSTLEU t z1 z2)]po
£ (02, tstrw (Azy.z < y) (nbv1) (nbwva))

(33) (TSTGTU ¢ z1 x2 )
HEkU L (21 > o)

t,t1 € Itype A t1 =1»

E[(TSTCTU £ 21 22)] = E[(TSTLTU ¢ z2 21)]

(34) (TSTGEU ¢t z1 2 )
e U g (xl 2 xz).

t,t1 € Itype A t1 =12

E[(TSTGEU ¢ z1 22)] 2 E[(TSTLEV t 25 z1)]

(35) (ASMCONST t 21 )
BRIE ¢ CALTH 5.

t =1%1 A isasmconst 2;

E[ (ASMCONST ¢ z1)]

isasmconst

5[321]]
Lexp — Bool

. A .
isasmconst = Unspecified

Z ZIC isasmconst & VY ANBPEHERZEHMNE S
M %&HE T S Unspecified BETH Y., ATFDRMAE%
WX hghiEas v,

Ve € Lexp isasmconste — V& €;¢

z € ConstExp + StaticExp + PureExp

(36) (PUREtzy - - & ) 21 € IntConstExp
BIEHDORWERDOHE. HREH.

E[(PURE t z1 --- z)]po

N

= (on,pureapply[t] (nbv1) [v2, ..., v,])
pureapply: t:Ltype — IN — [Bits] — T [t]

pureapply = Unspecified

Z ZIC pureapply i B nby; TH SN 2 BRICHI
B [va,...,0,] EEAERREFHET S Unspecified
BEHTH 5.

A.3.6.5 Mem X

ZZCHE Mem RICHT D £ 2 e&ETS.
(1) (MEMtz; [& m]) t1 € Itype
F—ZAEVDF7RVR g, CHBIEtOAT VY

LIR : COINS 7 0¥ = 7 h D EK#EHEEE 29

AL TWAHME. m € MemModifier M ETEL .
m=VOEIIME Y Mem RiT volatile 7V = ¥
MNERL. ZHARAB DL -2 CHEIH. HEIT
HWAREBEL 2 5.

E[(MEM ¢ 1) ] 2 E[MEM ¢ 21 & W) ]
E[(MEM ¢t 21 & m)]po £

case [m] of

N = (01, dmread o; (nboy) [t])

V = random[t](addtotr o1 READ [t] [v1])

A.3.6.6 Set R
ZZTHE Set RICHT 2 E2EHTS.
(1) (SETt(MEMt z1 [&m])z2) t=t =t
F—=RAAEVD7RVR 1 ICHBH AT VY
M gy DIEERATSZ. m € MemModifier W HTE
L. m=VOREBIIME Y Mem Rid volatile #7 ¥ =
JhERL., EERABRN PV —-RICEEZIN 5.
E[(SET ¢t (MEM t' 1) 2)]
2 E[(SET t (MEM ¥ @1 & N) 22)]
E[(SET t (MEM ' 21 & m) z2) |po £ (04,v2)
where

o3 dmwrite o2(nb i) [t] v2

> 1w

case [m] of
N= o3
V = addtotr o3 WRITE [t] [v1, v2]

04

(2) (SETt(REGt s)z1) t=t =t
Reg ANFBT VIR RIC ¢, ODEERATS.

E[(SET t (REG t' s) z1)]po
2 (rmwrite a1 (p.reg[s]) [t] vi,v1)
(3) (SET t (SUBREG t' (REG t1 s) n [& m]) z1 )
t=t =t
SubReg AN XTIV Y AR ¢ DEERATS.

m € SubregModifier A HHEL . m =N DEIIAHE
Y (REGt; s) TOHEMIUNCTFHUARRBMENAS.
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E[(SET ¢ (SUBREG ¢' (REG t; s) n) z1)] 2
E[(SET ¢ (SUBREG t' (REG ¢1 s) n & S) z1)]
E[(SET ¢ (SUBREG #’' (REG t1 s) n & m) z1)|po
£ (ou,v1)
where

a p.reg[s] + subregoffset[t] [t1] n

> e

o3 case [m] of
S=o01
N = rmwrite o3 (p.reg[s]) [t]r
where
(o2,7) = random[t] o1
o4 2 rmurite o3 aft] v
A.3.6.7 Jump R
2T Jump REHTE £ 2 EHT 5. MR
DEH, ZZOBKRTBRICBWTIUTEEHRT 3.

. A
Ji = Elli]po

(1) (JumMp 1)
SANVRA || TREINZOF -y aryAIvYrTT5.
A .
E[CuMP 11)]po = (jmpoji,0)
jmp : Mem — Bits — Mem

. . A .

jmpoj = o:= {pc =nbj}
(2) (@UMPCxilil2) xi.code € TstOps
Tst & 21 DEN 125 ;AN 0R-RD [, NIV
5.

E[(IUMPC z1 U1 12)]po
= (jmp o1 case nbv; of 1 = j1 0 = j2,0)

(3) (JuMPN z1 ((e1 L) ---
Itype A i#j — ¢ #£ ¢
BERX g, OFEN ¢ e ZKFLTLE [ AVYYY
T, EDTRINT [(ANYY YT T B,

(Cn ln)) lO ) tl €

E[QIUMPN z1 ((c1 ) -+ (cn In)) l0)]por 2
(jmp o1 if 3% ¢; = nbv, then j; else jo, )

A.3.6.8 DefLabel &

ZZ Tk DefLabel RICK T2 £ 2EHET 5.
DefLabel it L ZB D LabelEnv 2E2E®HIC
mklabelenv THRIN BN, £ TR HEICERINS.
(1) (DEFLABEL s)

E[(DEFLABEL s)]po £ (0,0)

A.3.6.9 Call R
ZZTR CalRNICHT 2 £ 2EETD.

June 2002

(1) (CALL z1 (z2 ---
Itype
1 DI vy TRINZTOFSLAETVIC L BEE
o.pnv1 (# Lifue) DB EREL . ZEBEEL LT
DR Flopmor ] CEIBEESX . HROZMHEE 4; I
RAT 3.
E[(CALL z; (z2 - -+
= (00, 0)
where
(00, [b1,- - bm])
Flo.pmoi] p vz, ..
t; y;.type
b} mkconst [t;] b;
(ohus) 2 EI(SET t: i b)) pot-y
A.3.6.10 Interface &
Interface RFHEAMWIC TV — LR AV X DB R B
ETHheh., ~BARFBTOEHRTEEHRKT VAR,
A.3.6.11 Special X
ZZTId Special RICXH T2 £ 2EHETSH. UT
DREHTIEMER 2, & z; 1<j&T2)DVHEAL
TWBEAE., TRbBA—DAT VIV NEEEL &
SeLTwWaha. ROBIMER ¢; MEHTHD LW
SZLHERLTWS,
(1) (PARALLEL %1 --- ®n )
Zi,...,c, ODEVEH ZREICITRD.

Tn) (Y1 0 Yym) ) t1 €

Zn) (1 - ym)]po

., Un]On

> 1> >

E[(PARALLEL z1 -+ z,)]po
2 (0:=[o1+0,...,00 +0],0)
where

(0i,0:) = Elzilpo
(2) (USEr)
VYRE p AEHENBZ L 2 RT. BIERANRE
RIEZASBNTWARW,
(3) (CLOBBER z1 )
XD g1 13 Set RDE—-FIRICHZNZ2DDTH
V. ZZEFHUABENALZ L 2 £,

E[(CLOBBER z1)]po
= E[(SET t1 z1 A ]po2

where

(o2,7) randon[t;] o1

> >

c mkconst[ti] r

A37 LERVANDETYTAY IR (A)
L&MEY AN g €Llalist DEY YT 1Y 7 X Ald]
EBIEDITY MUY SR (c:EntClass) ICHKAEL A
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(EntTypec) PV I—R T, ENRXFFNHZDOWNWS
WARBHEEZETEBOLI—-RNCH 5. validalist
OHH/AS LEBYVANOZ YNV IEHLETY
MUAEHRELRVWERELTWS., AAETRESZ
EBT 5.

A.3.8 LEBOEYYT AV IR (F)

ZZTEHEREE FEEHT H. ZIIC Args,Rets
BENENBIHEBHEOETH S, L EBITIZIERN
BlaDT., BAHED Bits DUV A NMICR-oTWS,

F : Lfunc — Env — Args
— Mem — (Mem X Rets) |

Args,Rets : Type
A .

Args = [Bits]
A .

Rets = [Bits]

L BI® f € Lfunc D EIK F[f] T &RIE. E58.
AEVERRITFEY, BEShEAEY LSMEHEBE L
TOEAEOHEEITEBTH 2. LEBAD L&
MUARTO—ANKEZTSIATWE 7V - LEHL
VY ZRIEBOEITHOREET S, 70— LEHK
WICOWTI Interface RICE BTV —LRAVEZD X
VFFYRILEY, ZAREBRINDS. VY RRICD
WTIHEAF @ Unspecified BE®IC & Y. Prologue &
D w, NMANEF VY RARATVICHERT )T %
#"y 5.

newregframe RMem - N — N

newregframe 2 Unspecified

Z ZIC newregframe VY XX XE VU m:RMem &
NANE n 2WY. £E RMemAddr — domr ¥ D i
LEanNANEHZHETHL. 20T VF7D7 R
VA&EEY. T25D 5 newregframe M LAFDRMAf%
WEIRTAE RS RV,

Ve 0<z<n —

newregframe m n + xr € RMemAddr — domr

UFE FOEFETHD. f_newenv IC & VBN
DEBEIEY. Prologue X% £ THMLTIV — 4
RAYEEREL . f_args i< & Y EFEERFIEIC
fRAL. f_exec KK YRMEELEITL., f_retsIC &Y
Epilogue XI5 2 BAED L AD LD & FML T
% fl% %5, Epilogue X% £ TFML TT7V —LK A
VEERT. RBIC f_newmem IC &Y., B—HIRE
E(ZFV—LEVYRZAEV)UNOERE & Mk
BEAEUEREY, ZMEOEHAELHICL TET.

LIR : COINS 7 0¥ = 7 h D EK#EHEEE 31

F[(FUNCTION name alist seqQ(pro --- epi))]
plai, ... an]o = (o6, [b1,---,bm])
where
(PROLOGUE (wy wr) &1 - Tn) = pro
(EPILOGUE (wf wr) Y1 - Ym) £ epi
0 £ f_newenv p o.rm alist seq wy
(o1,v1) 2 Elpro]po
o2 é f_args

[(x1 -~ zn)] P o1 ]a1,--.,an]

o3 2 f_exec seqp’ (o2 := {pc =1})

(04’[b11-"’bm])
£ f_rets[(y1 - ym)] P 08
(05,03) = Elepi] pou

A
0¢ = f_newmemoso

ZDEHET where ATD f_ THEHBEILT
O—ANTHY., HASESEEIARWA, KO
EEZNLEUTICHTTCESET S.

o f_newenv X IFUHL fiid 5 DBRE p & ~HBIE
U. LEBTo-—Ava LEREES.

f_newenv:Env — RMem — Lalist — Lseq
— N — Env
f_newenvpma s wy
= p:={reg=r, fra=f, .1lab =1}
where

r . RegEnv

>

TS newregframe m w;,

+ (A[a] REG).offset s
FrameEnv

p.fra := (A[a] FRAME).offset

LabelEnv

> --

f
f
!
!

> --

mklabelenv seq
o f_args WHIBOMEEITRD.

f_args: InterfaceVar List — Env —
Mem — Args — Mem
f_argsf(z1 ---

A
= Op

zn)] poolat,-..,an]

where

ti

a;

zi.type
mkconst [tl]] a;
E[(SET t; x; a})] poi-1

> e e

(o3, ji)
e f_exec I¥ Epilogue RO Ef % T H47.
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f_exec:Lseq — Env — Mem — Mem
f_exec[s] po
2 ifs! o.pc € EpilogueExpthen o
else f_exec[s] p(S[s]pc!0)

e f_rets i¥ Epilogue XD % & 571 .

f_rets:TypedExp List — Env —
Mem — (Mem X Rets) |

f_rets[(yr -+ ym)] poo
2 (om, b1y bm))

where
A
(03,bi) = Elyi]poi-
o f_newmem FHBIFUOHLHZDO L AEV %R, O—

HANVICEBEINETF—ZAEVLUVIYRAZAEYDRN
ALV ETD g DEDICHIERITBZLICLEVIES.

f_newmem: Mem — Mem — Mem

f_newmemo'a
2 . — 4/
= ¢ :={rm =o' .™m|4on o.tm,

.dm = G’-dm |domo'.d.m}

June 2002



