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B ERLMELREFRSREAAH. FHREVEERYERELSEHEE
B AT ES P IEBUR R 184 BT & LR & BB HTETU LR L NEE. &
PR HY X LT B P R T — D ERATIE S TSI B R BIME N T — R 5 A B4k,

FARRBENEFLRBGHAERIEREIEGENER, ATHEITENER
SEfT, BT ENEGHERRERREN XEEIIEHEHRLAE, Ha0H
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B R LIS AT R A BN AT, — SR A T A R B L 2 BUR A &
A SN R T URAS MR AE, LUK R IE B 3 4155 5 40 58 88 (handle), &
FUEREEHEM, HANFRIBSEREEFFEOERAD. HHELE
KBREEE B EIES £ BEALIRE, MRTHBEAEIE 4T
BRMNEE, AE—HRT, BDUSELHERE F SR ERERENE G
HEYE AR EAE, BT LI & A M R SN RS T A48 5] E 58
B B RRARAS LTS % PAT, (5 38 0TI 46 M0 T R S AR 75 L M 0 X 22 8 91
i, ERAHEAP, RERELHESRRTLAE R H AR R 0N
P, BN R EH TR BRI ER L EARRE.

MARERANGEBETREER, SR% SRS E W AR RITIR
F. BARESTINARM, —HERTEES MBS R A
U0y, MBRXREHTESETENERERYHEHELRFHERE
VO R4, WO IEAEE L ETR, AL AR B 3 XK KR BY
FRERKEFEE. BREBT 10 R4 M08 IE S 3 247 % B0 IR 2
. TR I SRR S TSR, BT REX 10 &Y
AR — BORAI AR, BIAETREY U0 BAETTEELIER 1O BIERMMA.
MR BT ATIER T SERADRBENE, NBAELRETHER
FT B4 A e i, MRNHERXSEHENTHERSR V0 WER, 3
BES A OIS BROE AT SR V0 IO TRAE, X AKRH
T RACTREABINPERE. B3 T BLA HOR H0 05 SR 00 0010 U B 3 1 P A S8 1 TR B0 25
BAAXKHBRENEE, FUBENFLEERES, RESEAESBE
FITF /M2 1O BRRE. XA HIL T 154 A9 A9 T Rt

5 — ARSI HAR G E B £ IR W R T B RS, MR
RIS BER N RSN, TEE4RFIUERSEUNET BEFES, U
IRAFRBAEN. ERPARLFAAFRAERRUAEBFRBERRESER
B, B S D AR S R I P B AR 8 SR AT AR PR A8
.

B 1(0)BF R 5 — R A G E S S PIZE I Talisman: el TiAS o 0 5
HEABN" (RCBedichek, HAMTERIHENHL TR )N LEFHHL
. XRENEBOHREN, CTUHESRATRELETHI Rk

14
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4. Talisman K E UNIX #ERE.

R H(O)FAET B —FHTEES. E%LF+, AT FER Macintosh 78
HLEY PowerPC #4bTE 8852 47 4 Xt B HEF FiI 68000 F& 5 CISC AL ¥ 2F 1R 1T #Y B AR AL
REEFE, BEZATREPA Macintosh 1 E YL, XHEGHENERNITHEERERAHN
R F e 754 RISC A FE 3849 Macintosh i E YL LiEfT. EMB R, B FABRRF
FRELBSENBEREEST T ELAESE LW BInBRERKN AL
. KEHRFEERMARFMNAXERRERABRRERNESTBNE
AHEBRETREREEBPITHES. TRERERE TR I HENNFE
LM A/ R E4AEO.

{BRFE RISC BB RAEE RISC HENFESHMAXMNREESEEERT I
CISC #ABBARBZTAMYKRKMER, HHBERERBELSRITEANESHRBR
TEVSEHSFT S ER CSIC BERZAGZME L. BEGERFLIEHRNAER
HEVMAEARENBRESEIAAEH I REBLANBREREREER. ITESD
{HE 28 ™= £ AN B A5 B R 18 4 B9 B I 0038 4 3F 7 4 X 28 i 900 4 8 o
FTRERAEIEAREOEE XETHHREERARLAE BREAE
HRERFEBARKN T I 4t.

HTS5E I(0)FEETHRENRENEE, UXHFTRXETHWEGERRFET
EERIE®. 5 RBERUAEFMERBERENSLZERELSHRLNELT
ESIER A HEBRIMITHEAHMNZIESSHNE T ERNERH LM
ERIRFZIT. BR, HERGLAEB) BN AR BRATIRERENE
MRE HES—BHIRERLTAMEFEIRSBEAE. &=, HEBLAR
M EEERATHFEEMRE /O RENELSHERTFHLEBHFEES, TUHRE
RELERENESNBHNRR. RE, HES[SUTRELRFEREHRRESH
LRBEAHERCAFBEMRABRBZAINEGHREE. MEXLERNYESHT
HEFJMETEFLES EABEEAMAHOEANFAEIRFAEMNEE LT
BTEMMNBAEFEERLES EMNETEE. AABTERERTRALAEEL
M4z —RIBIFL. EHERLT, XM EREEERETHS M EBiRit

NARFHENRRERAMERAALNELT, BERICHERNMAE.

ERIF R E-REFTLER LHEEHNABRFRERT %, EhEE
LEN-RIERNABFRETREMME. BirNABRFIESRAE

15
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%, ZRABREXERSTHIFTABESMEIRERENES. ELERIETF
W&/ FM Alpha RISC 4L #8238, MIFVRMERGEAMMBEBNT., AJLUEXFHESL L
EITHIME—8 B AR IR A £ R Windows WIN32s A #E X 480 B4R X86
REBSETIRITH 2 U BERF. AT FREZENBERBIERRILEEMRIR,
EATEOT L AR E S, FTUBESKETUES T ERTHRIES, MAEE
BAERFWERIT AWE BIRARFEMMERER UL BB E&0HE
BRRB.

BREBRALER-MEERUARFETTEAES LHHRRSE, B
RE—REEHFROEL. EXHEATHERGETTELABITHLNAERF
MITHFMERIERE L. ©HEEXEBMRNARFNEHESE NFESEE R
FUHEBRMERERFENERNRE. EAEENE, ZRER %ﬁﬁszu
Windows MW FIRF, HAENE X6 MARFFAAAGMHERR 1%, MEZES

REE—HRERGE L, memmNTLLﬁmﬁEF;mxwﬁﬂﬁﬂﬁﬁ
HMABBREREMBITHWHLARSE. BARSTRAPHEMZRNSNAS,
RRHREFREREE. BREFERTESHLBEREFEANREAES
T X86 4L 2.

EE 1e)FREA—MFRTE EMRRGERIAFEESENTENL
BITAR—HLCERSHUABRERS. SHEXNBTERE—RHBFAE
B, B —1TNAEBFN—FITEVAEBHED S Rt B R G L. BRI
LB AERFH X BRETHESRN U — L ERTENTRT. HE
WG EES, BXEESBENTUEEN LETHES, HEBX
IRCHFAGEENERSAEBRER. IHDESTENEEEFTLUERN
BT ETREFR. SREXNFES-BRSRERETE—REFH, UR
REESTHOEREFMEANZITER. RETLRNE B X BARIED RS
B RHETAIMITRF

ATHENBLRFE ERINMA TN, XREBNGERS TN LW ERER
GHELETT, BEE&T ETRERERBEMEBUESF, FEE TN BERGHNIHTE
VINRERRB TNBEGRBURATEEEZTNEFORME XHEGENRER
PAEFIRT T E VAR T B ¥ B H HIB R 2 .

MEBTEERESRERSURT—LRBHES, UM GEHE

16
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MEFENNENES IFEEHRERENEIISHLESR, FEFENE
SENRESHARTRANE L EAEEES. SREXHELN, AT ELHE
HMEEBNRERER, FUXEREALEENES. WRHBXMERL,
AERVFTEEHEFETUREFEENEFORE. BEERAIMGESEY
FEFREETEFRBERS, BERAREHMENAIEESIBHPERE SR, Hilt
Tk BREIEAT B AR ST PRI A B K8 — B 4.

HMTHES BRESTHXHINBI TN EREERSEFNEFRE
BEEFBESS IS L, EMEGERRFETREMNSRLAEER, B
HXAEXREAGERFANRE. B, EFAEEXMFRASSENABEE
NEET/ESRAFENE, BITBNEBHRHEBETE~E TR
BOPLaE LR ATH B HEEE RIS LRE®ZITHAE. BHRTHERBU
Sb, RFMHERHGERGTIERBEEL KL ERENNABRFRBETERRZE
BRMA RS LM E. XFHERGHEFAEBN “ Shade:A Fast Instruction-
Set Simulator for Execution Profiling ” (Cmelik 1 Keppe)#) X EHH Frig K.

Al RBEMNERE-FHAARS NOMLES, CHAAHROMLES
EREFE, HEXS5HIAEBARMAEREIT R AREZRLET LI 1R
MABFEERE.

HE, REEMNRRU—FHEASL TRUENTAESRELCEFTLBSEHE
AR EBREMNESIFAHFRESR, MMER THERNEREE.

EHAE

BHFEAANENERDNERFRITHEAENTFEBSATHEETRRD
AL SR A IE R

LAFEANFZENNRMBBENONEEN T EEE THEFRECTEHES
RELSMIBTEFHESERE, ENEZLEREBERESBRENTESHEIRN
W B0 B 4k FRMLFF 7= A5 S SR B AT 5 7 4 T S B8 10 U B 038 ) R 40 10 3 BR UL
FEMNFESATEBNERRLE, WU T FES0IAEES I LERT—1
EFRFEFRBANFRENSREFNERRLE URNEBERTATEE
S04 4 B 1 (] R A () S R = £ R B N A R R R 4

B AT B EX R R AR T U E B E R XA SR E S

17
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R, 7 B AP R A 8T R A AR (] A9 AR

HERNEERH
B 1(a)-(e) Wik BRELA AR M BUL B BB F R EE.

2 b BB, A EE 1T A R R AL T S8 M B IR
M 3 HE 2 IR MALE S — A R B .

B4 NBRRXAOER, AFERXERATE FRnMLES.

B 5 Nk A R BRI TR B SR M AE

A 6(a)-()R T BFAFHASHELBBNE 3 FRMLESENIES.
B 7R T 3 BTR MALIR SRR S SHL Y ok

B 8 T 3 BT R AL SRSk RR 4 S B 5B — R R,

B9 K 3 BRI LR SR E.

A 10 HE 3 FiR BB K — R4 AT HE A,

B 11 0 3 fRhTE 25 o B 35 AL o 58 10 BE S E A RO AE .

B 12 90 3 FFRALTE 28 o B FIAE 4 28 0 SR AR AE L.

B 13 A Rk R BRI TR B 28 5 — B B ST ] BAE .

B 14 ok BB AR U Y | THIAE A6 108 v B2 45 — SCHE 4 GO RE .

IESHMAE

BUF 38 40 30 R 5 1 48 B X3 i AL B BB L BB FTE R R S ik
TR, SEBANKIEARBELBTBAZRARMEITERETEAER
AERHFTA., XEREFEMNYERGETYRRE BAFELE, BREX
BRTXLEYERRATUEN. Fif 44, HEMHEGOE s8R
FESEX. ATEERL IRREAMEE, XLESHHFIML. H. 2T
/e, FAH. W BFE BRABOARE, T, FEXLE REenR
EHSEENYEEMERAN BULE N ERR X LYIE R TR AR,

A, MR EaE% AEnmmER LRI XHARERR, EIN-H5%8
EARTERNBERIEATRR. ENREZANRKEHBRES, BEAROX
MENFARLATLEBERN, XLBERVBRE. TREZHBRENER
NSEAEEARFTENRRERLRE. EFEHERT, NEERHRYIHTEN

18
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MBEFESHATEESZZAMAIREXINN. EXAY RBRETENNS
EMER, XMTENAEEESEE@NIR. LHPBESLSE TR
FHYEEFS.

ETEMERFT, AT REBNHTRBEIZIT X86 MARF, FLURNT2H)
WAARIEHY, EFLEMATHEREREENE X86 M EITM IR
B BREEGEFTUNEFEERITENRS LR, EMNEEER
HEIITEAL, #1480 Pcode Hl. Postscript A8 # Java B L.

EHABNBEFR
FEBANTRRAGEEARFEN B ARE T - EE L REEAR M
WAL S E A MALTE S, TAEEIEIT AT (K B A SR AL B 5F AT LB 4T 49)
BRERGTHHRARE, BERENMEULTHRA AN BLES.
SRBENEHOBHMREEEFEGMERR, LEBREASH—IH
5, BELNAARAREESHABLHEEFEALBRSERRBBFHRA
“#)Z5 EHl(morph host) ; W RBFEKMERSEARBPHN RBEASIK
##(code morphing software ” ), “EZSHRALEMBIAREF ML E I IEE
FRAMHMLER. ASINE MO BEANBOLEE, YREBIFLER
ZHRN T Y BMRE H ERRTEN MRS, TAEASLKGEEFRFENES
HiEAASENMASENES, HEFERBERGBFREMAE THEREU
VRS E AR, AT ERMESHERE. RDASLREET U aER
BUABEENSHTE. SHEEERRNTAEHAMOESE S RAE KR
BB AR R, B0k AL R4 B B I S AL SR 7 7T L S R Y B B2
SZ A B IE R E AR, (BE RIS K S R R AR AT R A
B TR B AR (B 4T 3 B b TS B AR 1 T 38 T BR T 40 A K Oty A 1 9 BB 4 SC
WAEN. EXLEE, E—/FH84E Pentium Pro ALTEIF M4 2 — KB (7 2%
B30 725 3 15K T Y AL T8 25 40 STAG 1 P, 24T X86 AL FIFE FF A9 FE B 4R F Pentium
Pro HAbTE 28 50 H & SR B A0 TH X 26 i FIEE Y (9 B s AL 5 58,
RBASLEGRET RERA, XLFAUNE RGBT AT HRY
HFESEGRAT. A5 TN EHREDS, SHIESTROMAR
BRALREREMIEEAR, X5 48R AT BAS K G EE R

19
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HAOWBEASTMESA, FEHE4EREIEAFRBEASAKGTHARLEN
EHEAR, XEFEAEEHLERFARES, BRREEGLESAMNA, RIEL
BEHMNAHN. SHEERMABERRTFINESEHHFEML, XERAHAR
R THAESHERE.

B, SHEBRASEVNLESHRBEASAKGTURAEFHIISENR
Hh ERESFIFENREFELHHEAMEFTEMASHEE. AT L&
EFHAFSEFEHEABERES. FUNURARCOHRARARREDSLES
PITERESCAFRENL R, FROTHEETEREARFOHMLESRITT
B2 BREL.

S5 M ASINESERNRBESLRERER BIFESHIENES
FUHESHF ARSI LTS TR BEFATHBREEHEERRABFHRAH
FEMS ), FRARERRESHBZIEFBTUERARESMERTES KR
TELAERFESH, EFETTEKNIE REREB-—FEFESRIASE
Biffs4, M EAERESETL. ERELES. RUELESFI, IEF
EEESHERE, HEASSBTEFHFANTRES —HERTHE—E
FEANE—BEELSFEFNENS R, BRES—BEHEIELERX, ERTUM
BEEnBNBERARAFNTIAREIZ=EXILEBAFNLR.

REHEBANTIERNTRELEEHEMLEBREFIITHE=ENE
SNE, WRESTHEEMEGBRERAV BTN ABRFN=£EIEHF &
MERI, HE AT ERLEENEHANITHENES, LAFREEINE
et EHRA ERRSRER. B EEHESREANRLEREBITREF—Hif
TRE URERTFHEIERABRE. REEIEGFHSTRELA R,
Gl BT UEA BN ERFURAE S — SR EFTREANSEERE
fe. 4550 B IRADEE 28 A0 & R RE IR E WT LI AR I B SR AR AR B SRR R AE U
ok, RATHBRESREMNERSHN ILESETEFEBEIEGF. AL
B BHREIRENESZEEERELSTRNIFHINBEETLEBSRL
PITEBIRENRE. BRNGELARE—ENZLEEIFHERIKE R XH
HEe ERALESIEH., AREARYLEXNIERHTENKEFBEIRX— .

HTERAFTEAMXERE, AMBRESFENFRET XKENEGFIGE.
XL A TEE (gated) FEE MBS ZH MM AR FFSE. Fodgm
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MEFRIURRFFRENGEURBRER —BEHFRESCHRE. FEa
FEBETUEF - QA B ETHSCNENRITEFFRN—EHBIRFHFHEUR
FEFLERAECTEEREAERF) MEXRE. BRERBFFHELE
REQSSRHSEMN TAFFSME TREQESRKFAL “BR” NREEHREA
THFHFENONEREECEZEEABITFFS FEBKN “BE" WBRERHE
ERXENFFRNNETRECERASHERN TEFHFR. NEFRENS TR
B CT1EBE” B RBR” — B TAEFESRSE, MEGTEE < HiKk
— ey EXFESRREREM, XLARMFRE HB EEHFME. ARBRAES
TR NIERE — M FREEEETEEN AR 0. FRYHEXFERMNE
FRENSEFEERENERTESRESE LT —H B RESHBFENE
TRRZE—EEH. |

FEEHHALASURGEREURET RO ERKESUR. B, WE
HEABREITHRERESCRIIBEINES THEOTMARRERIIEMSF, WHEX
ERSFEN T ETFESEEN LESFRRSAREEXFHSMERE iR
. XR, IMREAEFHECNZEBIME AT A RTEHBFH — &
—HERESHAR LN, TUEREEH(EAKNWEGTFFENERREE
KBRELEFERATUREILFESEHBARREOFERBTHER. 0
REENENEMHRZBFEINES, WITL-REFEF-LTEBIRBIEH
B9 B ARiE 4 ST R BIRBAL R B AT BARIS S IR BT AT B 5154, HIEH
TRBPITERERECN, TURFHEGFESHRES, FAEEEHREAR
BREINEHEEH EFEREE. BE YETERINBREAEIES
Bf, BARTEVMIERRSHIASENMN ERFESNFERESE FATUL
R EMAAERE AXBUEHRTENELRTRRERTURSEERL
HUEEM. ENEXM —RERBRAENENNEEEE4THIINECEE
RS, X RIS AR SRS EHE S A AL B 28669 L [R5 0 Bk
ERHRLEFERBNTIES.

WixiE HE, EFMAFTRANBLESKTEGERNIES, THLLR
EFZARRBATIIFN, CNRERRATRLE, flin—EAEHHT4
BENBGNBEREGSIE ZBENEHEATERREREEIEHLES. @&
ARHEBESIFHLERRERRABASMCEKGLSHEB N E4LET R
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FEF, LSS R A T AL E S R A0 B AR T R LI G R L
ﬂﬁ%ﬁﬁﬂﬁ%&#ﬁﬁﬁ%ﬂ@ﬂ%&ﬁMﬁEﬁﬂxﬁ%$#Zﬁ%ﬁ
EWGT. EUEHEL, FAMAELS RELIAETBEEZNETNE
HRETEERNE, YEHNEALEIECERERNEHBETROTHE
fh, HEESNEETAT S P BRSO SREE. SEENSERERE
SHEELEBELBEENE G EHREENBETNT—SK. BHRARX
2 B 3 AT Ll A 2 B O AL TR 2R A B M AL B,

AN, FEESNE G EALEG A AR ZNA RS, A
EOELE AW FE SRS F—8, TRTHNBABAS LG AR
W& FREI AR, ZE R T, AL AR R R LA 0 AR
EAE B ARRSRE B EBENERRESTENREFNBISERRE
BREAANFENTLOMELE), SRETRUTN, WENRGXBEE
-3

AAEHELFHOEESHEHRUIE, €5 REANEFEEF
GATUMER— SR, ATAE—FEE CHEREAEMERS 1O K
BFR, BE-MEE, CELRPBIS0EESH T EMEEE, SKT
UEBFRNREERER.

7 F DS 40 W T () A R 1 R 5 B W7 B SR R A P AR e
OYEY, AL A B 17 77 58 2 P 0 7R 7] 69 16 472 A 0 3 MO B0 185 R 52 AR AR
% Tk,

B2 HAAINEGNFER, CEEEASE 1)L CISC AEEMFE LY

MRAEF. MERE MAEREE R CEASLKERSNEERELAS
ENEH. BRI ARRE B FESRARBAS LKA LSLEERYASE
MBS TR T HLIS S, SHEN, HiFRERKEIoR S B iR AR
HHAAREERBASAKE. ARLEBOBETHNAT, A5 ENE—H
BRIESFVLIWIESE, HTRit RS ALMEE. B 6(c)RE T XMLE
S84 B R

EE 6(a)-(0)F it TEMT CISC 47228, RISC A2 VLIW LS8
S, BACISCHELEEREMNFBTTUEE S LT HA M8 /EF 1o i f 4
. B—FHE, RISCHSEREKEMNFHEIEREAE/E. AFRY VLIW 4H
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FH—KBRIESEIE CISC Ml RISC H4MENEAELHBREGIIME. 7
5. BEMEM. LB BEEEMER) NE R, SREXES—EWR
—HEEESE, FREXESSHEEAESHTHEA VLIWABERE L
SIFRAE TR EE PR — R BN S A2 AT, FiTH
ER A G REHFE R ZE LR O FHFE.

AERRAEENEMD VLIW LBREH FRRTHHEAFTEESNLE
%, EAESRUNERKTFENERAEETHF. RUNEHNTHESESH
B SETREAANRTEGNARFHARSRERAGERREETERM
RABFMREAHESMHY, XESITUERBNITHARAEERNLEEE. B
BXHAREBT VLIW L2, 50 RISC A > KT E AR AL RH T
LB R ER.

A2 iR SO EASHERGEERENES, X B AEFN
L HHITIEN, BERESHENASENBBRITHESLEES, KB RE
THRORME BELESEFHTFNEFTHNA T A EVLA VLIV 354
B)FMATE VLIW 4. B 7 BV RERER, ERE TRERSAESGE
B LE.

ATHECBERBASHREN RS TEFOMABENREERE, 1
B2 iR, KEBASKEEEEHEEME. — P XHRAMEIFEFER—F
DEFRBEAFENREBESN, ERFRNIEAPLTURBESGEEE
F. ABEEENSBEMEES, FHROEETE I ERESHNTEBHNDER &
MR, —BFEHEFERESHMEBOEELSBITHMA. EFHEFMEL
ZH, RN FERSABEFHEMFETRN. ARBFERN TS H
FEINT. MRFELVRTALEENFE, WELANBEEIAS 7%
B RIEL R IER &R T IR B A% BNIR 4 2.

WME 7 R, BN REFEA BRI S at 09 A B 23R A b R {4 Y fe By 48
RREEHEETHIL FIERESETELEE. NREHESRERE N
ERZBEMECURMENERES, FAREIMNED. BRI HEETER)
b, EFFFAEFTHEIFNIHEER, FaHZVECNEREREEH
A, ITFATR, HATUXBREMRE. EFEEBPRIE Kb 55
HEMELBEMNRAR. FINMEFHRFEFRE—HEACER, TEELETFR Ei
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BT ZABOESE. FEUENRALTRERNAERNGEERNULTHRFHER,
R EREUELCTARARN “BR” F5M MAE VLIW Brs it
REEHEABERFUEHBASERFEFFTHRST.

EETHARE R L EFBIREN BRESFEIIE, HEMFZpEAR
FEBFHEASHFHIMRTMEFEE. KL EFFFREEFHFIHE. ARATE
BAEAR, BAHE-—FAKRFRE-KFHRTHIE. TEEREPREPREF
AERES(E-Eo LT8R WEIRER RRHES-KEEZE #EH
BHAA LS RGIIFEG, ERESES, MUEBEES, BHEFTHIZER
BSHEHFEFBATEETUNFTERYLEF AR #TAREEERES
RAEREGRIITESHBLIFG, ER EFFEFNEHLZHERES,
FUEBEMRKBS THITERES RO IEEFARS T AR ML EREN
&

EERAAXLEABTEALERITERLAEFIFNSRZE, £&H
MBLERERTAAEANRE, XLEREFEIXREIESENELE
7. PIMBHRMAESNE LR AT LR RSN ARFBEBET
AR, BRHTELEBRESH, SIRAASHALRIIBSHLERNEIE
HREGBENEHRSSLBRFESH BIRLERTRMBERNZ, FLU—&
HERBEEZITHABFEEHES. Bl EXKEINFH6T HIRALE S8R
SRERMA. B, BRNNERRKRSHEITERE: RELTEFL, EFS,
HEEINEHTULBMYLENTZATRAERPRES, XIEBLEUENER
BTN AR FF.

HESENEFLE THRRZAEN S TEERETS. B3, 45 RHTRLE
MRS, ATERERRNHEFFSVERRKS, BEEGRET -HEX
HindFFRkrFEARGTENARFOE T LERNTFERS. BHRTFHFS
LEEESMNEAET. EAERATMEERTETH, SEEXFHFEE
FEMBER TEFFR—ERMAASENESOEFFREGEN—FT
BT, WMBEAFN - IRATBRETHES 64 M TEFHFEME
FRBETAESE 32 T 1AEFHFSE. LHEACEET-HERERFFHR B8
BHARBELEBZRENZEZ UM ERLERFFS XCERSEHFFS
MEEERMGTRRSABAEFTS.
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MEEENE, REASINFEOEELEEFER, BiREIFITE
SHHRMNERN ABRFRNE K ERESHRELRREAE,. Flin VLIW B4R A0
B 6(2)-(c)FT R 37 BT £ & CISC $5 4 30# RISC #54. FwiAlzs T H KR T,
BT REBHESARUSHAS ENEAN B R FEERSEASUEN; HE
REFENERTEEBATESR. B, NEMLABRSEERTERESHE
GEBEN-RITUEFHAFMEFLHN EHBHEOHELRES, N HLE
RFHPITEHENIESFTIN, EXERFEREE - RERELETHIE
FEAERT R RREN B AL ESFEREENE. EREDS EVFRIT
B4 E, TASEREFHRTIRANE RN EFRERENE. B
HRE— BT AFEERENEASERBRTEENMARANE EREATIAES
HEARENEMTEGABRERE L. ENTRABEMES AR EE
FNESMEEENTHA X ARENY. —EFERGFEEENERS, T
FEEFEHHERZHENEHEORNESHEBRSWEMAE. NRHT—A2H
B EHROTIRZEEAEL, NEXAKLSERHEHT TIEFFRERE
—REEEERBRTER(TROEERESEHBER). ERALHAMLE
28, XHEBALETFEHONFHIIBERMOT KRN AIRLSRKAS
ENMAERE.

RI#, B S BT SC MM o 0 | 14577 5 08 v 28 7 B B o ah T 88 00 BE 14 R
REHBERBERME. REMERSAES N ET, BMEYT /M
BT, AREERBERBENRLARE. TETEENENIRANEGRLE
(B 40 538 5 44 48 e 58 ) 01T 330 26 88 5T BT s SE A U A AL BRI B I = 4%
THRFFSRNT. SAEARTRS NFEEE N EESEEINI T HIEsHt. 5
I TBO4E §1 T (B FERE SRR AR AT B ERA0IE 4T, $e4H RS LM B R AE
SeREH), AFABEEESRITREFRESNET. FEETAGTIRSE
WS Iz A FEBEEARE AR ARATEE ML CEHATEROE
FEETTARLT AR SR Z 805 R ARk S FEE, 73 BiS S T mEe
H PO FERE B FEAE O o B B TG R R IAL S T HLIAT 35 S R A TR A B
MRBRTEEIE S P RAFRBEUNAR G BAI S, BHMEEBEES
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—SHEAZALNEH RITETHFFSANEE. AR, MERTRTIES 111
AR EELEBREH PR ETFFRAF A AR ETFESNIESHR
BFFIE L33, M E 6 TS A i 8 HE 7T 684 78 (259 57 51 3047 B 4 A
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AT R LS —HF—5.

EMRAIEERIEE, R AERS0N BB SFS 11 ARE-B
BT 3R R 47 ) 7 25 AR E R HEAT INER A AR 400E, RS BBHBETAN LR
%8 113 ShbF 8% 112 M. EBEHR, et 113 AFEMSFEUums bt
HIFHEBI I MM B M TR B R 35, RIS TR PR B ML 5 F AR 58
L2(RERIBLMEH LA R R R T FESD) AN 7T LR, WREERHAR
L —EHEEG. RBASLKGRNENESF, RRFESEL ST
BT 111 RAER—ERBE. XTUMIE RO

RBASAKEFELREY TR THEEHEIE4. IERRER—
B, M LHEF P RE DB EF T, RITETHFEBAREFMH 3
& W, XMBEF RN EEESSHTETEFFREENR—BAMEH
BEERBRIIEFHFEFNEFTHIMRABMRTEATFES LI EHBRE
FHEBNHENR B, FEAXMENEETAFER AR LN FRENESE
FAAT B TC I A 25 B A M IR B A 28,

RSN BT 58 U e N R MR BB, b TFHRTETS
728 111 PRSI T BREHT IR B A TR SR 1t B AT BT, BT LA LU R BB R B AT 77
BESR ML OB AR, TEXMERT, RS 113 RUEIEAREPOEEER
HER; FANMEAIHERRTEENIEE. EHNEHEBER—-SERS
FREEZMEFESNNEBEEATES 1 UEFSES RESEFER
BT R TTHF AR RIEE B AT URRIBHA. XY R BEARABMNEH
. BiE,

A8 25 M0k 3 0 T 91 2 LA G T PR AR A A R R 7288 111 RRAE AR 283
B0, TTREH — NSRS BB R S AN A S
BMAABRT—AER (BAER), EEERFRRENZRATES 111 5%
BEAESEMI AT FFSORIEEE S ASRIPOEME S

B—HE, EFEERBIERT L AR TS 11 BREESBI 6
FRIRAESE, ARRRATULT—HERX(EEHER), NxER HFEEST
FHBEEARBEFIRTRER UL T RE A ER. EXHERT, SA
FrERmit M5 TR B EEFRFENTAT RN AN 2 55 8
—¥. B—FH, EXHERT, AEEREES B REERP L B EH,
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M A EERBE RS NRFNEEEH ASHTETHFFIRHN
BiE—H.

B 12 "B TEEHERF 120 MRS 2 B, B4 120 ARG
BHRMZRPFESBOBBEMBRAFHRME. LESH 120 BB IHFHET
1I22(BHRRRET—1), BUARSHFHESOIENZRIPFRESBIUEQORA
O, IR s HFHRETHETRAT. S MEATNESIESEZHENUNE
(B30 32 DYRFEFHRETHYE M, FYRBEAEHREN. RN
BRAZRPFEERBADIIMMBRRFESHLEEFERRENA. MK S
R, LB 120 PRATMNFERETHE—TB5E 10 IrnFEes 112 %K,
MTE S 828 120 HAEE 10 HFFRE 112 M LB2% 113 ThEE.

PEBEBEEEINLFEETFS 124, BRI ZEEFEROFTES 125,
P& EEFFR 126 FAER L EBEERIEREIMENM)AFFLE 127 URE
B AR TR 128

EHREP, ZRVOYEBAERFTRBE(RABEVLBHFTIZFRIFY
f)— BFEFHERATR R — P FEFEETTA. XYM TR 64 (7898047
Fit, FYRRNEMURAZHIE EEBES—NFT. ZRPHFEEATE
TR EFEHFEREFFR 124 I EMRR, EEFHE Y AR EBIFN, FF
% 125 AR ZIFFEE 124 NWE. EFREKES P, ERFFSE 240F
KRB F A28 LFr L A B AT 122 MR HENL.

LEFFe 127 BN, REFHFF 128 BTIHREELINLZHEF
BERFYEFMERBUNFITREFAXRRNFESNRNFHEOFES
i, MREXRENBARS, WRERARTETTFRRENZRIPEMEL
W BEEHFERS, BN REERS MRE T IR - TR RN
BHAEBRE. BREMEBEAREELITHERTETEFE 112 ANK
BEH, BHLHTHAXEFHERE. WREREEEESIAPAL EHEF
TRBERALEFEELRS 120 RENFHESBUEMRREPFT E, RS
PR ZESEGURIE AER T HFHERE.

B—FHE, MEEXREHENERARE, WRALHLEARERXERE
BINBR R A RS, R F S BB, BESL
AL T RN DA B IR M RE. A, WMEMBRFEMEE
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TR0 3 BT TR BRI BN AR T LR 120 RIFHOFF RSt
MERPFH L, M LBRP LS L EIFH.

PR T R E RS BEBES S LTS 126 NIRRT B LUEE
SIRBSAFEHRML. BERBASAKANSERNFHLER, =L 0K
FE H R SN T LA B B A I AR B (. A B I R 578 B AT
HESRAMERT IR TRBTFBAERBRAOREF T L. TEEHE
TR 124 $PRTR BB F A 125 FTRFFHORS.

B _E #5387 SR 0 40 B 4 T LA 70 I B R A 0 0 A3 LT
U MBRFF R B E TR NERRHRE. EHEFHA
FEEMBFRI VLIW Z I THITRBMLE L F I 5 HHRAE.

BRI AT RS MEAF AR W T, RENRAFROER
RLWEHF TR XUBT RHEEF AN T R EE MR RERENRD
REH.

ATRANEARNRB KA, BOCE AT LUE N B BT R 5 SR L
T RN EGEINE 9 FIRITEN. SMHR, HlsbmeE AT IR X6
FHPLE, ETLAIAESLASERBNLRRNEREE FREMLL
B R R RGN EFEBONE, CRETH SHLER—REMNH
BEEFFHWE. FHBMELEHAMTRET WE N PCl REERHBBRN Y
B, B BRI U0 REMTIHE. BENHTEIRGRET AR
585 5T AR 00 SR A T 28 — R P L B

AT R b IRER M BAE AN RYAT I 0977 3%, X B K HIRH X86 AR
B S REGIBES EBXES. KOBRTH X86 BT BEHAS L
SRR, RFANNLEREFEOEL. ERFFRERLHENSRE. B
AT HANEE, ATMRNEARAR S LERA R B RLE S RITRIE S HH
HOSRAE S AR 28 AT BB IR RAE 2 [ A0 2 5.

i CEERRBASHRESHAT M EN BN RETRIE. YGUER
FHB—0ZE 0> KT 0”0, B "o FHERH " RANML
A, BTG 1 b2 —
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Original C code

while{

)

(n--)>0) {

*S++=C

E- P P P P R Y 2 e L L g e e R

Win32 x86 instructions produced by a compiter compiling this C code.

mov
mov
mov
add
mov
mov
lea
mov
and

jg

$ecx, [Yebp+0xc]
teax, (Yebp+0x8]
[seax]), $ecx
Seax, #4
[$ebp+0x8]), teax
$eax, {¥ebp+0x10]
secx, [Seax-1)
{%ebp+0x10], ¥ecx
%$eax, $eax

.-0x1b

//
/7
//
/
/7
/
//
/7
17
1/

load ¢ from memory address into the %ecx
load s from memory address into the %eax
store c into memory address s held in %eax
increment s by 4.

store (s + 4) back into memory

load n from memory address into the %eax
decrement n and store the result in $ecx
store (n-1) into memory

test n to set the condition codes

branch to the top of this section if "n>0*

LB E— 54, PITA C B BAE X MBREME L X86 ILHRIFFHS
FCRESRAENCRIR EERESEREEEERENSH. BLECNE
BB THRE., SROROBTRFET Uk B ERRE BRERNIT
B4 C BS54 MIEIRA B &£ITHE S 154 B FUIFT. BHilt, IREIFHIT 100
W, BRI K154 A FTAAT 100 K.

_Shows each X86 Instruction shown above followed by the host instructions necessary to
implement the X386 Instruction.

mov

add
138

mov

add
14

mov
st
add
add
mov

add
st

‘%ecx, [%ebp+0xc]

RO, Rebp, Oxc
Recx, [RO)

%eax, [%ebp+0x8]

R2,Rebp, 0x8
Reax, (R2]

[%eax], %ecx
{Reax],Recx
%eax, #4

Reax, Reax, 4
[%ebp+0x8], Y%eax

RS, Rebp, 0x8
[RS], Reax

// load c from memcry address into ecx

; form the memory address and put it in RO
i load ¢ from memory address in RO into Recx

// load s from memory address into Beax

; form the memory address and put it in R2
i load s from memory address in R2 into Recx

// store c into memory address s held in keax
; store ¢ into memory address s held in Reax
// increment s by 4

;i increment S by 4

// store (s + 4) back into memory

; form the memory address and put it in RS
; store (s + 4) back into memory
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mov  %eax, [%ebp+0x10]

add R7,Rebp, 0x10
1d Reax, [R7}

lea  %ecx, [Y%eax-1]

sub Recx, Reax, 1

mov [%ebp+0x10}, %ecx
add R9.Rebp, 0x10

st [RS],Recx

and %eax, %eax

andcc R11,Reax, Reax

jg ~0x1b

nost instruction key:
1d = load
sub = subtract

// load@ n from memory address into %eax

; form the memory address and put it in R7
; load n from memory address into the Reax

// decrement n and store the result in %$ecx
; decrement n and store the result in Recx
// store (n - 1) into memory
; form the memory address and put it in RS9
; store (n - 1) into memory
// test n to set the condition codes

; test n to set the condition codes

// branch to the top of this section if "n>0"

add = ADD st =store
Jg = jump if condition codes indicate greater

andcc = and set the condition codes

FT—ZBHRTHT CBESHANRA—BREFES. BREEKEFAR
AT ETIHTEMMBESELHHFERA-REFBHEFEHES, HF
EATHEE X ER TR VLIV A, NZEENE, BERXBRFH
RN TR X6 FABLHAEM “ R™ RR, BHMHLN Reax KRS
EAX E3 B iR fFae i XM THE & FF 4.
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Adds host instructions necessary to perform X86 address computation and upper and lower
segment limit checks.

mov %ecx, [%ebp+0xc) // load ¢

add  RO,Rebp, Oxc ; form logical address into RO

chkl RO,Rss_limit ; Check the logical address against segment lower
limit

chku RO,R_FFFFFFFF i Check the logical address against segment upper
limit

add R1,R0,Rss_base ; add the segment base to form the linear
address

14 Recx, [R1] ; load ¢ from memory address in Rl into Recx
mov %eax, [%ebp+0x8] // lead s

add R2,Rebp, 0x8 ; form logical address into RO

chkl R2,Rss_limic ; Check the logical address against segment lower
limit

chku R2,R_FFFFFFFF ; Check the logical address against segment upper
limit

add R3,R2,Rss_base ; add the segment base to form the linear
address

14 Reax, [R3} i load s from memory address in R3 into Ra
mov [%eax], %ecx // store ¢ into (s]

chku Reax,Rds_limit ; Check the logical address against segment upper
limit

add R4, Reax,Rds_base ; add the segment base to form the linear
address :

st (R4]),Recx - ; store ¢ into memory address s

add %eax, #4 // increment s by 4

addcc Reax,Reax, 4 ; increment s by 4

mov [%ebp+0x8], %eax // store (s + ¢) to memory

add R5,Rebp, Ox8 ; form logical address into RS

chkl R5,Rss_limit ; Check the logical address against segment lower
limit

chku RS,R_FFFFFFFF ; Check the logical address against segment upper
limit

add R6,R5,Rss_base ; add the segment base to form the linear
address

st {R6] ,Reax ; store (s + 4) to memory address in R6
mov %eax, [%ebp+0x10] /! lead n

add R7,Rebp, 0x10 ; form logical address into R7

chkl R7,Rss_limit ; Check the logical address against segment lower
limit

chku R7,R_FFFFFFFF i Check the logical address against segment upper
limit

add R8,R7,Rss_base ; add the segment base to form the linear
address

ld Reax, (R8]) i load n from memory address in R8 into Reax
lea %ecx, [%eax-1] // decrement n

sub Recx,Reax, 1 ; decrement n

mov [%ebp+0x10], %ecx // store (n - 1)
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add R9,Rebp. 0x10 ; form logical address into R9

chkl R9,Rss_limit ; Check the logical address against segment lower
limic

chku R9,R_FFFFFFFF ; Check the logical address against segment upper
limic

add R10,R9,Rss_base ; a3d the segment base to form the linear
address

st {R10]),Recx : store n-1 in Recx into memorxy using address
in R10

and %eax, %eax // test n to set the condition codes

andce Rll, Reax, Reax ; test n to set the condition codes

T fEREAEFBIFESNERFESNE, KBS L
REFESE BRRARENLL. NEEENE, ERL~EHSARERARE
ALK A M A TR M A AR R i AR R BEH T AR
e X86 WALESS M B ES S, Mt RA AR AR E
. EXMLHEE, TeARF AR, BTRTHE HFEEMAEEFRE
ARG He it (AT B8 B ST R A3 BB TE S B ) X86 B FF .

Adds instructions to maintain the target X86 instruction pointer “eip" and
the commit Instructions that use the special morph host hardware to update X86 state.
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mov  %ecx, [Y%eebp+0xc]

add RO, Rebp, Oxc
chkl RO,Rss_limit
chku RO,R_FFFFFFFF
add R1,R0,Rss5_base
1d Recx, [R1]

add Reip,Reip,3
Reip

commit

mov %eax, [%ebp+0x8]

add R2,Rebp, 0x8
chkl R2,Rss_limit
chku R2,R_FFFFFFFF
add R3,R2,Rss_base
14 Reax, [(R3)

add Reip,Reip, 3
Reip

commit

mov [%eax], %ecx

chku Reax,Rds_limit
add R4 ,Reax,Rds_base

st [R4).Recx
add Reip,Reip,2
Reip

commit

add %eax, #4

addcc Reax, Reax, 4
add Reip,Reip.5
Reip

commit

mov [%ebp+0x8], %eax

add R5,Rebp,0x8
chkl RS,Rss_limit
chku RS,R_FFFFFFFF
add R6,R5,Rss_base
st {(R6] ,Reax

add Reip,Reip,3
Reip

commit

mov %eax, [%ebp+0x10]

add R7,Rebp, 0x10
chkl R7,Rss_limit
chku R7,R_FFFFFFFF
add R8,.R7,Rss_base
1d Reax, [R8]

add Reip,Reip,3
Reip

commit

/! load c

add X86 instruction length to eip in

// load s

; commits working state to official state

; add X86 instruction length to eip in

; commits working state to official state

// store ¢ into (s}

; add XB86 instruction length to eip in

’

//.increment s.by 4

commits working state to official state

; add X86 instruction length to eip in

1

/{/ store (s + 4)

commits working state to official state

; add X86 instruction length to eip in

; commits working state to official state

// locad n

; add X86 instruction length to eip in

; commits working state to official state
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lea %ecx, [Yoeax-1] // decrement n

sub Recx,Reax, 1

add Reip.Reip,3 ; add X86 instruction length to eip in

Reip '
commit ; commits working state to official state
mov [%ebp+0x10], %ecx // store (a - 1)

add R9,Rebp, 0x10
chkl RS,Rss_limit
chku RY9,R_FFFFFFFF
add R10,R9,Rs5_base

st [R10]).Recx

add Reip,Reip,3 add %86 instruction length to eip in
Reip

commit ; commits working state to official state
and %eax, %eax // test n

andcc R1l,Reax, Reax
add Reip.Reip, 3

commit ; commits working state to official state -

ig ~0x1b // branch "n>0"

adad Rseq,Reip, Length(jg)
ldc Rtarg,EIP(target)
selcc Reip,Rseq,Rtarg
commi t

ig mainloop,mainloop

i commits working ‘state to official state

Host Instruction key:
commit = copy the contents of the working registers to the official

target registers and send working stores to memory

EXRGIRE T HAEET L HSNBE MM, ERITT RRELET KSR
B?JI?E‘%\E‘E%?IEECBﬁ%ﬁ%ﬁ%%ﬂﬁﬁ%%W#W%ﬁﬁ%ﬁﬁ&/\ﬁﬁ
#. B, ESHELT, HIr SR RES TS5 FHEBRep) A
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BEARI. BEEDITIEKIES. ELES, AkESMBREMXERBRE
FaNE - TEFESNNESTEREEE TEFHE B BN
ENERRAREEREZN BT ERXSEBEBEZEATRENRAR
fE38,

EMERME L ERETHNESRENEANRBEERLHETHRONE
HAOBRAENES. WRBRREERLEL, NEFEHESHHEBHERK
F HFESHERAR 6 5), 3B HITHEE BT B R BB HITeE. 8
B et MR A H TS ER S, RUNEFEH.

WRHEFHSEAREF—K, NERELSHE—SEFHFARLTHHR
75 i BF () BT BEAR T LB AT BR R A06T ), MRXE, — RSN MLEREE
WALE L BEE, FHEBIEAR, MERTERESURERT AL B/ S
R EELHAT, EFEFRCHASBRIEEELRERENEIEREY
HITZRBEFERMN. ANEIESLABIESARATES, WBENRG
BEATH ST A SR R — S EN A BN (RSB T ERTH. B4
4 (REB)BREEBEADASLKSE, aXFTTRESRFEHLUR
EMETFZESRENRERL. B RRTHREIRTRENETESML
BRI HER U —EMERERE— S5 TR P BB S RAT, FHR%e
ZEFHEMERES. SRLAFEBRSTEANESBE TR B—RFE
BRI — R BERB M THESHETRA, FIINEEERN 154 REZTRET
EREH LS.

Optimization

Assumes 32 bit flat address space which allows the elimination of segment base additions and
some limit checks.

Win32 uses Flat 32b segmentation

Record Assumptions:
Rss_base==0
Rss_limit==0
Rds_base==0
Rds_limit==FFFFFFFF
SS and DS protection check
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mov %ecx,[%ebp+0xc] // load ¢

add RO, Rebp, Oxc
chku RO, R_FFFFFFFF
1ld Recx, (RO]

add@ Reip,Reip.3
commit

mov  %eax,[%ebp+0x8] // load s

add R2,Rebp, 0x8
chku R2,R_FFFFFFFF
14 Reax, [R2]

add Reip,Reip,3
commit

mov [%eax],%ecx // store c into (s]

chku Reax,R_FFFFFFFF
st (Reax] ,Recx
add Reip,Reip.2
commit

add %eax,#4 // increment s by 4

addcc Reax,Reax, $
add Reip,Reip, S
commit

mov [%ebp+0x8],%eax // stcre (s + 4)

add R5, Rebp, 0x8
chku RS,R_FFFFFFFF
st {RS],Reax

add Reip,Reip,3
commit

mov  %eax,[%ebp+0x10] // load n

add R7,Rebp, 0x10
chku R7,R_FFFFFFFF
1d Reax, [R7)

add Reip,Reip,3
commit
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lea  %ecx,[%eax-1) // decrement n
sub Recx, Reax, 1

add  Reip,Reip,3

commit

mov  [%ebp+0x10],%ecx // store (n - 1)
add RS, Rebp, 0x10

chku R9,R_FFFFFFFF

st {R9),Recx

add  Reip,Reip,3

commit

and %eax,%eax // test n
andce R1l, Reax, Reax

add Reip,Reip, 3

commit

g .-0x1b // branch "n»>0-

add Rseq,Reip, Length(jg)
lde Rtarg,EIP(target)
selce Reip,Rseq,Rtarg
commit :

jg mainloop,mainloop

ALHRETAUMARAERRLBRLANMUESTROE—HE. EHRL
BB, BRABEASERFNFZRERE—F BRERARLERN. FED
HRAREREEDD X86 RN BREETFHBRYRENBIFURABEFERN
R UBFHSGERFER. BSEERER, ARSI X86 RIIMIMTEE
BHEMLEBRRRIIFELE.

MRBEAIL, WE X86 MABRFTHAANRBERR EMARL M2 8.
XERTLUMA X86 M ELBRB/HETTRES. EMHZR, REFHEHHRE
AE. BE HEESOBERTENE FELRERENRATHFMSE. M
BEHITERESTHESNBHELTECP, BERTHRIRARESEMY
BREMRESMIMITE. IBLTATHREILYENBRBRELELHR
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MERFEEMR, SHAUFENLABFEETRA 32 LT EFHESEEE
HE, MRARXHEHER, NETEEFELANBHBILNEHBEBFEG
EHFEHIBERS B BRALE, FUELEZAHR. BHERITHNE
RRME. INEAEFZEAFLEMATERTBRRENREAEETEAY &
X R, BN, REEERAR X" BRAZ2Em B .

Assume data addressed includes no bytes outside of computer memory limits which can only
occur on unaligned page crossing memory references at the upper memory limit, and can be

handled by special case software or hardware,

mov  %ecx, [Yoebp+0xc] // load c

add RO, Rebp, Oxc
1a Recx, (RO}
add Reip,Reip, 3
commit

mov  %eax, [%ebp+0x8] // load s

add R2,Rebp, 0x8
1d Reax, [R2])
add Reip,Reip.3

commit
mov [%eax], %ecx // store ¢ into [s]

st {Reax}, Recx
add Reip,Reip,?2
commit

add %eax, #4 // increment s by 4

addcc Reax, Reax, 4
add Reip,Reip, S
commit

mov  [%ebp+0x8], %eax /7 store (s + 4)

add RS,Rebp, 0x8
st [{R5], Reax
add Reip,Reip,3
commit

mov  %eax, [%ebp+0x10) // load n
add R7,Rebp, 0x10
1d Reax, [R7)

add Reip,Reip, 3
commit
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lea %ecx, [Yoeax-1] // decrement n

sub Recx,Reax, 1
add Reip,Reip.3

commit

mov [%ebp+0x10]}, %ecx // store (n - 1)
add R9,Rebp, O0x1C

st (R9], Recx

add Reip,Reip,3

commit

and %eax, %eax // test n

andcc R1l1l, Reax,Reax
add Reip.Reip,3
commit

ig ~0x1b // branch *n>0-

add Rseq,Reip,lengthi{jg)
lde- Rtarg,EIP(target}
selcc Reip,Rseq,Rtarg
commit

ig mainloop,mainloop

Host Instruction key:

selcc = Select one of the source registers and copy its contents tec the
destination register based on the condition codes.

LRXFARETRUE RO TR, PN HNBIREBETEMELR
AROEE, ZRAXNTFRUTHFESRIZS ATRNEEES LU ROREN
REARER. BEAREGEATAREIRBRRNER. XBSTHREES
HEBRERERESCAA—TEFHLOBRNE. XHECEEURNFAENE
E, MABFEMA 32 AHEFESERFAMUIESBRATEN. mELR
BRMRUBEAIRE, NLERTHERESMELAN HABEEHEE

Detect and eliminate redundant address calculations. The example shows the code after
eliminating the redundant operations.

mov  %ecx, [%ebp+0xc]) // load ¢

add RO, Rebp, Oxc
1d Recx, [RO]
add Reip,Reip,3
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commit
mov  %eax, [%ebp+0x8] /7 load s
add R2,Rebp, Ox8

14 Reax, [R2]
add Reip,Reip.3

commit

mov  [%eax], %ecx // store ¢ into [s]
(3 [Reax] , Recx

add Reip,Reip,2

commit

add %eax, #4 // increment s by 4

addcc Reax,Reax, 4
add Reip,Reip,S
commit

mov [%ebp+0x8], %eax /! store (s + 4)
st (R2], Reax

add Reip,Reip,3

commit

mov %eax, [Y%ebp+0x10] // load n

add R7,Rebp, 0x10

1d Reax, [R7}

add Reip,Reip,3
commit

lea %ecx, [%eax-1] // decrement n

sub Recx,Reax, 1
add Reip,Reip, 3

commit

mov [%ebp+0x10], %ecx // store (n - 1)
st [R7].Recx

add Reip,Reip,3

commit

and %eax,%eax // test n

andcc R1ll, Reax, Reax
add Reip,Reip, 3
commit

ijg ~0x1b // branch "n>0"

add Rseq,Reip,Length(jg)
ldc Rtarg,EIP(target)
selcc Reip,Rseq, Rtarg
commit

ig mainloop,mainloop
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FLBIRET T HPamTHANERESRETR. REME,

EERB _KBIRERECHN, TEFFE Rebp(Fr X86 LEBERESTFH
B THEFFS)ANESHBE S HMHAMAZTIAFFER. SLEED
RE, BRTHBINESRBATIEFES RS LIS, SEMEMNES S, BiRERF
EEES S WHATHRR—BF. BHIEFEEES S RTHEIETFFSE RS
ABRANEEEFETIAFFS R2 P. IFEEHEERESES S HTUSY

BE ENEEIE <

BIGHFF#ROERHNIATHEFFRRS A, @, HTEH

FEHBREFRES LM T LIEEFF2E Rebp WESRBE 0x10 MK Z$
RABGREBEFHFERTA, FUEEFETELSES ST UABREL R,
BZEEHRIFAEAEET RN, BEFAEAUAEREEFHHIE.

Assume that target exceptions will not occur within the transiation so delay updating eip and
target state.

mov

add
1d

mov

add
1d

moyv
st

add

add
moyv

sC

%ecx,[%ebp+0xc]

RO, Rebp, 0xc
Recx, [RO]

%eax,[%ebp+0x8]

R2,Rebp, 0x8
Reax, {R2]

[%eax],%ecx
fReax) , Recx

%eax #4

Reax, Reax, 4
[%ebp+0x8),%eax

(R2),Reax

// load ¢

// load s

// store ¢ into (s]

// increment s by 4

// store (s + &)
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mov %eax,[%ebp+0x10] // load n

add R7,Rebp, 0x10
1ad Reax, [R7]

lea %ecx,[%eax-1] // decrement n

sub Recx,Reax, 1

mov [%ebp+0x10],%ecx // stere (a - 1)
st (R7],Recx

and %eax,%eax /! test n

andcc R1l1l, Reax,Reax

jg -0x1b // branch "n>0-*

add Rseq,Reip,Length(block)
ldc Rtarg,EIP(target)

selcc Reip,Rseq,Rtarg

commit

ijg mainloop,mainloop

EREFIFET—HEASE CHUGRENEFRENESTBIRESH
BB EARE BN E4HER TR, WRAFEHUER, UEHERT—
ZEREAEONE—TXEHBLFIERNEFEXBGFFEREARST
EREH A REROERER URRRUAR, NWAREBREFRESFIGE
HHEFERERFERAAREAL —KEHEAE. XTUEREARTE—
EXFIFHEONEEERS. ENE—LEFER BRTFHFEFHRALTREA
FRBEAFHESBNEELESAE.

EMBAMNE, EEHRAUBREHLRATERERNTN. WRBURFH
HE, Bz R5AABEHERERARKHRE. EERFRITERESFE
AFFIMERTESHFEI—NRIINTAUNHE EEFECERAN. XH
ATEESTFREESTFEAMASENLATETKENRE. ATHESH
HAbkEE, FUTURERERRHMNAL. ERNRAURLLAF EERTRE
RE & BN, e TEALRRTERSFIEA RERAEKRME, HTUE
REFEFENERBREVEBHEFESFIFEHNERXBIFRS. NE
SESRE RO RERRERALOE#HAT, EEAFFHEETHEFFE
HEFFIFHREEFHREFRELES. SHEFBER—KBEE—FEHES,
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FEEREREZEREFKLINEFIBEZEAEHFEXRS. HERITH
i, HZEFABEIBRSFEABIFEG, TFERER BARFFEMFMEY

EHBRRERRITEIEH,

in summary:

The comment "“Live Qut*
correctly prior to the commit.

possible.

=========ls======:====a=l-==========x==:====::======================

acdd RO, Rebp. Oxc
14 Recx, [RO]
add R2,Rebp, 0x8
14 Reax, [R2]

st [Reax),Recx
add Reax, Reax, 4
st {R2],Reax

add R7,Rebp,0x10
ld Reax, [R7)

sub Recx, Reax,1
st [R7],Recx
andcc Rl1l, Reax,Reax

add Rseq,Reip,Length(block)
1dc Rtarg, EXP(target)

selcc Reip,Rseq,Rtarg

commic

jg mainloop,mainloop

// Live out
// Live out

refers to the need to actually maintain Reax and Recx
Ctherwise further optimization might be

LENBSERETRALIBEPLFRURHRENEEFESFI. ERE
IOIRE T BIRE SIS (EIP)BFIW4EY, BR 4T LIEEHEM BN EIP
REFA - IHEELATESRNGES BRI EHFFIREEL EP.

Renaming to reduce register resource dependencies. T
more effective. From this point on, the original target X
between individual target X86 instructions and host instruction

add RO, Rebp, Oxc

1id R1, [RO]
add R2,Rebp, 0x8
la R3, [R2]

st {R3}],R1

add R4,R3.4

st (R2).R4

add R7,Rebp, 0x10

14 Reax, [R7}

sub Recx,Reax, 1

st [R7],Recx

andcc Rll,Reax,Reax
add Rseq, Reip, Length(block)
ldc Rtarg,EIP(target)
selcc Reip,Rseq,Rtarg
commit

ig mainloop,mainloop

55

86 code

// Live out
// Live out

his will allow subsequent scheduling to be
is omitted as the relationship
s becomes increasingly blurred.
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FEBIRETEERATEREGHN T —TRAER, KPR EEHAEEE
FHESFINFRAT—IMULMBRENTEFFENRETAXRATFANREM
THEFFRUBNERFZIRSEREAR—ESF. Hit, FlnE LABEEFPH
F_REFREZBESCRARREAEGRFTFFS ECXWIEFFFSE Recx. FT5HE
EFESUERTEFFS Recx. BIHREE - FEXELSFHBRENTE RO
MR ETHE M EFEE TEFF2 Rl P ARFHFSE Reex B, BLTHAH
AeERAR—FFE. B, EN FEMNENKIERESENEES FHE
RILIEH 2% Reax; EUEFNEFERESHEANEREHO LIEFFRERI U
BRLETFFR ReaxMEASFTEEE S FEHNE R B AN THEFFERIUER
2% Reax, MET ENEHR—EH.

After the scneauling process which organizes the primitive host operations as multiple
operations that can execute in the parallel on the host VLIW hardware. Each line shows the
parallel operations that the VLIW machine executes, and the “&" indicates the parallelism.

adad R2,Rebp, 0x8 & 2dd RO,Rebp, Oxc

nop & add R7,Rebp, 0x10

14 R3, (R2} & add Rseq,Reip, Length(block)
14 R1, [(RO] & add R4,R3,4

st [R3),R1 & ldc Rtarg,EIP(target)

1ld Reax, {R7) & nop

st [R2),R4 & sub Recx,Reax,l

st [R7),Recx & andcc R11l,Reax, Reax

selcc Reip,Rseq, Rtarg & jg mainloop.mainloop & commit

Host Instruction key:
nop = no operation

LARLFURE THASEN ETHEEXESHTH. ERLH+, B
FERENA VLIW bR, BRT AT AR RS9 5 (41838 349 LS,
AREVNEARRCLBETHIHR I BEAMERBALDET. E—TRRAEN
BROEMES, BENTHFEASENL—EETT. EMHR, ERLHF
ENMEFZMEAZELIHS. BT NOP K4S (HREBRER T —#%
LVMA—MERE. NOP ELRFAFAELYFLETH U EHR—ERN
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FIESFURE—RETT. BEMERT, REFARHTHEIHMT IHGELE

ELRIRATIRE 10 K EFREL.

Resoive host branch targets and chain stored translations

add R2,Rebp, Ox8 & add RO, Rebp, Oxc

nop & add R7,Rebp, 0x10

14 R3, (R2) & add Rseq,Reip,Length(block)

1d R1, (RO} & add R4,R3,4

st [R3},R1 & ldc Rtarg,EIP(target)

ld Reax, [R7] & nop

st {R2]),R4 & sub Recx,Reax,1

st {(R7},Recx & andcc R11,Reax,Reax

selcc Reip, Rseq,Rtarg & jg Sequential,Target & commit

FXPEF ERTA-—EEEFHES RTHOCAERFHTHRIERREN
HEBRIT-KH—KRULE, BTHEHBRBE()ESAERERES —BIRESHE
FIEERAB b, HEIBEESFIIBE THESIEANTERT

tZf:gk 202
Advanced Optimizations, Backward Code Motion:

This and subsequent examples start with the code pPrior to scheduling. This
optimization first depends on detecting that the code is a loop. Then
invariant operations can be moved out of the loop body and executed once
before entering the loop body. '

entry:
add RO, Rebp, Oxc
add R2,Rebp. 0x8
add R7,Rebp, 0x10
adqg Rseq,Reip,Length(block)
lde Rtarg,EIP(targe;)
Loop:

14 R1, [RO)
1d R3, [R2]

st (R3],R1
add R4,R3,4
st (R21,R4

ld ‘Reax, (R7]

sub Recx, Reax, 1

st (R7]),Recx
andcc R11l,Reax, Reax
selce Reip,Rseq,Rtarg
commit

Jg mainloop, Loop

LREFRETEXRSKREENFT - EEANFREUER. TLB
ERRUMBETNRE HRERREF LS URERIFEABEE S >4
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FAME R, XS NEFHAERELRRT—K, BEBAFFRA AL,

FREFEBNNEREZEATAREHREITES.

Schedule the loop body after backward code motion. For example purposes, only
code in tha loop body is shown scheduled

Entry:
add
add
add
add
lde

Loop:
px-|
14
st
14d
st
st

RO, Rebp, Oxc
R2,Rebp, 0x8

R7,Rebp, 0x10
Rseq,Reip,Length(block)
Rtarg, EIP(target)

R3, (R2] & nop

R1, (RO) & add R4,R3,4

(R3].R1 & nop

Reax, [R7]} & nop

[R2]).R4 & sub Recx, Reax,1l
{R7].Recx & andcc R1ll,Reax, Reax

selcc Reip,Rseq,Rtarg & jg Sequential,Loop

Host Instruction key:
ldc = load a 32-bit constant

& commit

Wox R E H M350 MWIEIF + £ BRI B3 FFI#T R EETRT, 2K
£45 FREFTHIESHEE. BT R, EEFE—KENE R 5 eE

SERRHIT—K, HEEEFHEA

TR TS ERARKRE EIEFE

4. BRBTEABHRESHTL. BITHEMN 10 RESCEARBEEN 7 M6

(6] .

EMBR, NEFRFERHSREBEFESR. IHELEUHMLERN
ABEEFFF R —Kuat; B, st ERJ/UT—K. Z—FHE, X86
B ARAL IR 55 40 B0t P 4 BE A L UE B R IATIE SR B P s k. SRS AT 100
W, TS WA T 58 Q7 A — Wb aE T B AR B B — it B4 100 K.

After Backward Code Maotion:

Target:
add
add
add
add
lde
Loop:

14
1d
st
add
st
14

RO, Rebp, Oxc

R2, Rebp, Ox8

R7,Rebp, 0x10

Rseq,Reip, Length(block)
Rtarg,EIP(target)

R1, [RO}
R3, [R2])
{R3]),R1
R4,R3.4
(R2),R4
Reax, [R7] //Live out
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sub Recx,Reax, 1 //Live out
st [R7] ,Recx
andcc Rll, Reax, Reax
selcc Reip,Rseq,Rtarg
commit
ig mainloop, Loop

eSS T T S TR R E e I S S s T S S T TS I T I A SN N T S S TS SN S RRESIIISSEISI TS == ss=S

Register Allocation :

This shows the use of
that allows variables
starting point is the
optimization that can

First the loads are performed.

register alias detection hardware of the morph host
to be safely moved from memory into registers. The
code after "backward code motion”. This shows the

eliminate loads.

The address is protected by the alias

hardware, such that should a store to the address occur, an “alias” exception

is raised. The loads

the main body of the loop,

in the loop body are then replaced with copies. After

the alias hardware is freed.

Entry:
add RO, Rebp, Oxc
add R2,Rebp, 0x8
add R7,Rebp, 0x10
add Rseq,Reip,Length{block}
ldce Rtarg,EIP(target)
14 Rc, [RO] ;First do the load of the variable from memory
prot [R0O],Aliasl ;Then protect the memory location from stores
1ld Rs, {R2]}
prot [R2}],Alias2
14 Rn, (R7]
prot [R7).Alias3
Loop:
copy Rl.Rc
copy R3,Rs
st [R3]1R1
add R4.Rs. 4
copy Rs.R4
st [R2},Rs,NoAliasCheck
copy Reax,Rn //Live out
sub Recx, Reax,1 //Live out
copy Rn,Recx
st [R7]).,Rn,noAliasCheck
andcc Rl1l, Reax,Reax
selcc Reip.Rseq,Rtarg
commit
jg Epilog, Loop
Epilog:

FA Aliasl
FA Alias2
FA Alias3

Free the alias detection hardware
Free the alias detection hardware
Free the alias detection hardware

3j Sequential
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Host Instruction key:
protect = protect address from loads

copy = copy

j = jump

FA = free alias

EEFIREHERARLEREANENREHNNAT TR, SRFLHR
E-AKFIFSEETIA 3 FHEMESCIERAM A TTE, KB EFH
EFFIRITH A S, B Ssbn FFAERNET UAFEFAER LR
ERAFERUBINTEIMNAT. EMEZR, IREZEFES 6. 810

PR, EEST.

9 11 F, BNFHESBIERSEROEHZEGMER

PHRICHEFFRHERT AL EFRBRA XL, FUAMRLEALERERS
SIAEIEG. e, SEPRAERFHERBIUBHEEOMBRREFREAE
BHFRFREFERZEANEHBRE ILAFRESBUANBEERRTS. U
ZEEHE, —BEFHRTEH =0, WLAERENFHERBIE EORT AT

LAE R & AR

Copy Propagation :

After using the alias hardware to turn loads within the loop body into

copies, copy propagation allows the elimination of some copies.

Entry:
add
adad
add
add
léc

1a
prot

1d
prot

1d
prot

Loop:
st
add
st
copy
sub
st

RO, Rebp, Ox¢

R2, Rebp, 0x8

R7.Rebp, 0x10

Rseq, Reip,Length(block)
Rtarg,EIP(target)

Re, {RO)
[RO),Aliasl

Rs, [R2)
[R2],Alias?

Recx, {R7]
(R7},Alias3

[Rs],Rc

Rs,Rs,4

{R2),Rs,NcAliasCheck

Reax, Recx //Live out
Recx, Reax, 1 //Live out

[R7},Recx,NoAliasCheck

andcc R11, Reax,Reax
selcc Reip,Rseq,Rtarg

60



97180942. 9

v B ZE53/551

commit
jg Epilog, Loop

Epilog:
FA Aliasl
FA Alias2
FA Alias3
3 Sequential

FEBRET TSR, BRPREEABEL-LHF RO MEBESH
BHECHELEFHLTUEE, B, NERBTFEREFERZEANEH, U
EERBRENFFRORANBECLHFE. NREXLE, TUEE—FESA
RBEMAREEHMBEOFTFEN, BETUSHBEHSRE EMFR,
BT E—LABEFDFRNE— B, FAMBAEREHS, i, BT
EEFELCFHANFFRELTURNRREANFFESHEAS. X4 fiw
HEBE—MNE_EHIESH, BEFHECUANERFEREN TASHES
Re(M AR FFI RIE S BEFBALFRFE I8 TR F7E28 Ry(MIEFHSR

& add Rs,Rs,4 & copy Reax,Recx
& sub Recx,Reax,l
& andcc R11,Reax,Reax

& jg Epilog,Loop & commit

R3)FR/RE 4k .
Example illustrating scheduling of the loop body only.
Entry:
add RO, Rebp, 0xc
add R2,Rebp, 0x8
add R7,Rebp, 0x10
add Rseq,Reip, Length{block)
1ldc Rtarg,EIP(target)
14 Re, (RO]
prot (RO}, ,Aliasl
14 Rs, (R2}]
prot [R2),Alias2
14 Recx, {R7]
prot [R7],Alias3
Loop:
st [Rs).Rc,
st {R2),Rs,NAC
st [R7).Recx,NAC
selcc Reip,Rseq,Rtarg
Epilog:

FA Aliasl
FA Alias2
FA Alias3
3 Sequential

Host Instruction key:
NAC= No Alias Check
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IREFFRETEREOERS. HESBD, ERITRENER, FIHFRH
R MELSTFAERBL2FRRFEMANNEFBRESHTHITHNGE. &
HBETHEEEMESE RS, FRETHEANERENEEESTHITEE S
IR BB E.

Store Elimination by use of the alias hardware

Entry:

add RO, Rebp, Oxc

add R2,Rebp, 0x8

add R7,Rebp, 0x10

add Rseq, Reip, Length{block)

ldc Rtarg,EIP(target])

1d Re, [RO) ’

prot [RO),Aliasl ;protect the address from loads and
stores

1d Rs, [R2)

prot [R2].Alias2 ;protect the address from loads and
stores

14 Recx, {R7}

prot ([R7).,Alias3 ;protect the address from loads and
stores
Loop:

st (Rs},Re, & add Rs,Rs,4 & copy Reax, Recx

sub Recx, Reax, 1 & andcc R11,Reax,Reax

selcc Reip,Rseq,Rtarg & jg Epilog,Loop & commit
Epilog:

FA Aliasl
FTA Alias2
FA Alias3

st [R2],Rs ;writeback the final value of Rs
st [R7].,Recx ;writeback the final value of Recx
j Sequential
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EELBFANBEXRCATNEBHUNEERE. XTE TR ENSFE
# B REERERBHET. 58 10 ZERELSHE, IBFEFRENFES
MEBRBE 3 4.

SR EEDIHFIHBRT ALY, ERESHEAEAANRTUAERREE
RKAEEMEHAOMRE T EEAELEHERMES. FMmEREZHAEEN
B X6 L BBHHE, BREEHLTUNATHM R EAREBLEHRITOARRRF
t, BTUATEGERHUN EBRITHERS, #IW Pcode. Postscript & Java
F%. HitEZ8HG T EIAERRE.
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