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X TR A A5 R A T

ABHER

AP EBIERIERS . HRiESR (compiler ) SRR 5 I AR HATE M F, X
PR R N %81F ( compile ).

SEBR I iR AR A C i S B 4w+ GCC (GNU Compiler Collection ), Java i & B9 4 155 4y
javac (Sun AF]) %,

BIPER XA A AT, AU EGE A — T RARMELE SRR Y, P LAA 34 KT i
HIVE—T 1B S B gitdr . Bt SLPriiscrt . fIVEgRIES:, s ideds ™ AR BAR . K2R
o XA SR R R, AT S i E S

ABEIERI RIS

AR ARG LTI HIME CbY X | 1B IR IEAY o

Ch JREH AR BRITIIET , A Lol LIUiE CIEFMTE. B CIt 5 AR LT T
i, JEMAT —Lem %A ThaE, i 5 ZEEN TR TR ILRA S . BH R
i CIEFR, (U2 CIBEF MRS TS R EEEARAIEFHE, L REHsTT. XF
Ch bR, 55 2 TEATRANEI .

A Ch e g i H AL EAE PC 1Y Linux P65 Fiafrhy, fir, Bl
J KNOPPIX 4%, Linux RO ARESEE T . HILHE —C LR Ch giifindnid i)y, I

SR T

b ]

FELEFRA T B A G iR AR B0 IR
BERA PR — T HFsss 2 — M arr b B, X LI GCC A BAUMTE H 1.1

D b AT GEFR ), AR HEIRE G, —— A



11 EBwmE | 3

B CIE SR BT . SCPrgiid PR, FeEE B %edE GCC.
REFELR 11 hello.c

#include <stdio.h>

int

main (int argc, char **argv)

{
printf ("Hello, World!\n"); /* T PBIE */
return O;

ABEE XN ZIEC 25 CIEF MR, PFrRl B4k CinFRF . HARKE L,
IR — N IR AR, i GCC B AT IY, &M AW T4,

$ gcc hello.c -o hello

BAEEAE R T 2440 hello WSO, B2 NRIHUITXE (executable file ),
EEWMA PGS, BITRIAER) hello s

$ ./hello
Hello, World!

AR EAERIBTRFA BB TR, NS RRE, bR — LRI T .
o TTHITXH R BRI XA

® goc 6 R AT A AL AT BT S Y

o IHFTXH hello REIBES BRIZITEFRN

WRANKKE — T LIREEN]

AT

P GCC A=l ] $A 7 3 A A

VEEIECAY Linux ARG R HATSCMF, 8% 23847 & ELF ( Executable and Linking Format ) X
PR EE AR . 1s. cp iX2e454 (command ) X R AY SEAR SCAR#R IS AT AT SC 4, il
/bin/1ls # /bin/cp 5.

i file M2 REEER M REFTG ELF B, i, ZAF /bin/ls XHFRARE
ELF, 7 shell Hfig A g4 Rim]

$ file /bin/ls
/bin/ls: ELF 32-bit LSB executable, Intel 80386, version 1 (SYSV), for GNU/Linux
2.4.1, dynamically linked (uses shared libs), for GNU/Linux 2.4.1, stripped
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MR FE /R ELF. ... .. executable, BURRIZIIH ELF BYaJ AT/, HAERT
#1689 Linux HLESEIATE, AIRENL K ELF 64-bit, MAJREE /R ELF 32-bit MSB, XLLHfiE
ELF My n] U7 3014

ELF U & TR (D) LR IS T2 R 7 A A5 B (ool ). #y (0RS)
WEHLESIES ( machine language ) M95156 . HLESIE F JEME——FP CPU BEWS HIZPUTINIE S, A
[FRhEHY CPU il AR LA 5 o

Ban, BAEFEA A A TR AR JE: Intel 23 R 486 1X 3K CPU 1Y )5 L2 i,
486 H 5 H C L RIMHLENE S . Sun A A SPARC 2741 CPU i F 2 HAB AL 2§55 . IBM A
H] Y PowerPC 351 CPU fifi FIf U A —HEMINLANIE 5 o 486 MINLERIE T ANREFE SPARC LisfT,
St A SPARC HIHLERE F WABETE 486 [isfT, X #ifE SPARC il PowerPC. 486 fil PowerPC
th—FE,

GCC ¥ CIBEF WRIF A AIWLESE T (Bhn 486 MHLEHES ) fidkmfy . BILERES
(FR P4 B ELF SRR (0 SO s A SO, 75 30 Al rT U 7 3

FiE

A4 gee ar 4 U hello. ¢ Fadh hn] $hAT 30 HWE?

H hello.c XAER A SO BT PAT SO, Bk RTREHIT—IR gcc s, {HAE
Pr b H LT T 4 o BrgALEE

. T Aah 38
(X)) BIF
D4R
gEdE
R AL BT UG RR R i, H R ES 2 B BT B SR S A R AR R G
B, A2 5 It R g, Fe R U, X 4 B ECALERIRAT TSR A build,
TFTEXTIX 4 A Fr B AL BRAA/E A T T R A 1A
Ak
Citd M E e FiAbIE SR (preprocessor ) Xf #include Ml #define JEF7ACFE, H
R, AR, K FTA M RIT, XHtETRALIE (preprocess ). T4k FH Y3 SCHE pre-
process, HUERTAAFEAYER , XA B BT AZATE? MERERPFEZN T o
AL AL T sed Al awk T2 X FERVLESCAREAE, A5 E CHEFIBERME L.

A 0w N -
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XX W) 4RiE

Fed, iRaxt B B O A T A e, AEGC4RIES (assemble language ) LAY, —
MRV, e S AR S 4402 <. s”

T4t 7 A AL 35 e R ARG B SCAIE AR & o Hlavif S 2L CPU 1Y
PATRRNE — BRI, ATHRRERR, B bit #A ACE X, AZMEXE .
ik, —BEMHSIENE S BN ML IE S, VI E AR
L4

SRIG, I gmiE 5 RIS HIC 428 (assembler) 5 APLEIE S, XA HES AN IC 4
(‘assemble ),

I g (R4 AR BARSTE (object file ), — ki, HERSCHRP BAZ “.07.

Linux ', HARSCIFLE ELF SCF. BESRHRIE ELF UM, B AT R B bR SO 2 n $0A T
W7 XAEX AT T2 XA . ELF XA F TR SCHF2epgbrds. i,
M file kA A HbRSUF, 28 FHXAEE/R ELF. . .relocatable, JEIELREGS AN
AIPATSE X 3 o

$ file t.o
t.o: ELF 32-bit LSB relocatable, Intel 80386, version 1 (SYSV), not stripped

gz

HARSCHEAR SRR I, TR B TR EVE NI EE (library ) SCEFJEFHARAS AT
Vho 4 BRSOG4 e 24T LU B U A FRAR R 9582 (link ), BT EMER T, &
TEX A B BEAL FEAR P E A i 2%

fian, ik Hello,World! #/¥ 2t gt MNL AL T HFR X hello. o, ## hello.o
BIAT AR AT BA TS AR AT B T ST R BRI SR 2 O a . out, FTDMER] gec #n& iy - o ik
TURAGS S 1 ) SCA 44 -

RS — T, AL B AR R AN — R AT AT SO, AT DUR TR Y S, R IP I
SCUFAHOC I TR AR 2R 19 S rp AN Bin
build T2 245

bk, CIlEFMME WAL, Hik. 109, BEHaX 4 DB, FeZ A4 ]
PATSCHE B 11 PURES T SAB B SCrE, IRATHERIRIA— T .

AR 4 AL PERY B BR AL B2 AN 36 . T dm AR TR
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CiEE %S

‘ FahIE

TANER f5 B R A

¥ @

LHIES MR

} s

BARX

‘ s

AT
B 1.1 ERATHUT R

[ 2riEisiris

build? (31 B LARE KA, (AR MUURIR T build MR, 82 % build 2GR
FPg TR BEAISE R T AE. MRS | i, AT RN ATEs, B Lh e e R R A1
HbR. #52, WS SERITSIRITROETT, ISR AT B (8 1.2),

_ BT, M.
build i

*F =) THTXE = R e (4R

B2 #EFiEfTHEEE

JHTER T build M FEZ AN, AR FIAEEN AR FIE TR R R eI R AR
BT, BT TR R HTECR R

46, BB PAE build R, WURE TR, IR ATE ihis TR
JPmE, A S kA SIS IZ N EhASINEL (dynamic load ), Bl —Fiefs fir A 4k 42 b il
Bl S e BN N o WA R e

HK, 1R Java il C# X FMEF BB T A ARA BRI B ( Garbage Collection, GC ) iX—
SERRIIIEE, ZIREX T a1 A B AR K2

TR, 7E Sun 1Y Java VM S5 B RFRVER) Java (s fTHRE i, N TIREsiTHE, AT
JIT 45i%28 (Just In Time compiler ), JIT ZiiFas BERITIBI TR TR, BT L
TSR . WU, Java 1B S SRR TR TR

@ build A “ME” AR FiEk, EMFERRAAELAT, BIRARRETEUAL,

FHE
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BESRW b 1 X RERGTE AL, AT fif build AU RERAEHY, W0 T R F RIS T T . A

R E BTN AR, BAREUL R T RIFMEE. S5, TG RIEER T
S E RS, AR T build BB AT HRE AR AR

CO
¢ RIZEEMIETA
4

HERSHRFHRTHE, BEERHTHTORR, DAOETHGHE, ERETHRE
SWFk, BERE (interpreter) REXH—MITF, RESTHEFRANHNNES, TLER
E1To B120 Ruby 70 Perl 89755 A IS8 2 FA AR SR SR,

EFEENTRTFR— T, i, CiEEhTLARERKBENT, Ruby 0T UHEMA
BES R Java P, DREW, FEBSSHETFRTHUEGER, Fit, HERH
i, BERDLE, BELBHZTHFEETSNFEREZ—, ERARBIFSLESE ( programming
language processor )o

BR, REBSHNHE, HEAFRAES. TESWES 2i,. —MFH, AHEXDRS
(static type checking ). BXEBTRMOBRTEMRENIR, 8K, FEBSXBRSE. 3
REMNERSTEREOERT, NERRRENH,

BEXBREZIEERFFBETZH, WEROEBENRSRHLBHTRENNE, 5
4B, BT R BT R AR B0 H D BALEMRS ( dynamic type checking o

XEREN HA BA EESLBROTBPEFUI, FURFIE. W (BE,
BEIETETRFMHTRLAE, WE "HA", REE—HEFRF—DIHTRELE,

7
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X — TR XA SO G I 1 N AR AL B AR EA T4

//"7 SRIERT 4 NER
Be SUI G KECRT 43 R THT 4 BB o
1. 18R DT
2. 1B X AT
3. £ iR
4. RIDARY

KOO X 4 BB T B

Eya b
— RV G S T, R AR S R AT 3 SCAR SO A 8 C Fl Java iX
K, DICAIE S AR Ak Ui 5 T B2, (HIFAE S TIHENERE IR, i,
R T is4T C F Java BURRIT, 1 CEEXMCRSH#EA TiRAT, R ALY TR AE R, XA
(IR (parse ) WHKHIBEDHT (syntax analyzing ). fEHTACHS RS P ALK N fEHT 28 ( parser )
iBEDHTEE (syntax analyzer ),
W2 G FitEAmAIE" 5T RERNIENE? IBPUEFRNIEER (syntax tree ) 1)
o A S, IEERGRRRR AR . K SR Ao TE IR i B & 1.3 B
RED 1BER
AT

X=Y+72

x/\+
V/\Z

1.3 HEH
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BN

WAL AT AT E ARG, BE R EMITIERN, REAZRONE, BMLENFEER,
AN SR IE AR (Abstract Syntax Tree, AST) XFE—FEHa 454, LR ab HE 218 X 457
(' semantic analysis ).

AT FUR XU ARG HAT AT, 18 oM WA R G Z MR o3 AT oA . 284911k
Ui, ST RS LUT XA

¢ XNTEBNFBEELXRZLHEE

o AT L EHNAE ARSI

o TEBMFEANKEKE

o KEASIATEZAREHT T VG

° KERPIEHRREXERE T

R AL PR AE SRR 2 W B R rh o T T AR B TR TR R U AU A A i R R
T, W AT E R A PR L TR R BN, FEE RS RTRE L]
AR, OE I IR S S, RN 2L AL, AR s MI
MG . AR 535, TERRIEE ARG IS 1

[ &mrhiattas
A G U, e 0 S A 2 R P T 0 o ) 7

( Intermediate Representation, IR ).

Z USRI A TR S, BRSO T S MR S LA S

B, GCC AMUZHr CilE, Wnl LIRSS C++ Ml Fortran, CPU J5ifi, AU Intel )
CPU, i&HT LIAE BTN Alpha, SPARC, MIPS 4442 CPU MBLARIA & o UNAE X Bui 5
CPU (&M AL Sl I VE S i die, A 28 K B I RURIAS ) o Intel CPU HIAY C ZiFeds . Intel
CPU HIY C++ 445 . Intel CPU FHI¥ Fortran 24y . Alpha FHI C gaideds - ZERIE R i
AR R R (& 1.4 ),

C Intel Core
C++ SPARC
Fortran MIPS
Java ARM

B 1.4 NMEATERBEIER
NS RE BTAT 2 R 75 SE e A LRI A ] AR, IR ARSI — il & s—Ff CPU, HE
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wim—p A gk 7 (B 1.5), WikZfFefiis C Intel Core

8¢ CPU My 4 e a (F FH i AR 2 LU IR G E . ] C+ b RS SPARC

an GCC i & —F 4 4 RTL (Register Transfer  Fortran MIPS

Languange ) B[RS, Java ARM
HR A 2 P AN TR, AR AN 20 v [ AR 1.5 (A ERIAER

FAEMINGIEIE R A LS BT OL. ABHITER Cb S ik frisc b BeA (R, Rk
B P AR i , ACRS A AT e AR VR AR B e — 25, BT AA DR e v e A
FERT AR A i GRS S LR N, RN IR SR AU AT ( front-end ).

CRBEERL

SRR ARSI TE =, XA B IR EB AR (code generation ), T 3EXA%E
AR PR K AB 4 R 88 ( code generator ).

AR A B S T U RSB A MR AR TR 5 AN GG 5 Z Bl 225, — B S, g feis
o, ILgE S E BRI B L —2e . N, C F Java A] LA TR E YRS R, i
TCmE S TP RENS 45 Jr i A4S B F 74 HAA A3 30 AN E. . A HR AR 1 it A AN goto
TEARES MR BR LR S o TEXCRERIRRE R, B LR A RE e ) A 1 SN TR A T e
it

B T ZRIRAN 4 NEBLZ AN, BRI A SRR (optimization ) Bt

BAEROTT AL, B AT, ARYE R PER AL M RE RN, 18478 Bt 2 B 1Y)
W, TR AN 2R, eI Eg e, S B — R 2R T B M
PRI R R T PR

AL FT AAE it 0 A IR AT o AT DO G A R AT Ak, R LAXS () RS i) A
HEFFRAL, AT XA S LR & Tk, #E 2ok, USRI, XL s
T3 s AR PE A ARt AR T LA T AL

SV

Zid Bk 4B, LISCRIE AN E AU RREON TIEGE S o 25 B2 4e 6k
R TAET .
AR A BT 4 ) i T BB B3R 4 AN B B A B
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£ CbmiFHitiTRIF

AT RATR T fE—F Cb Gt i ik

[ ChimizstnEHiE
51T Ch PEARITA B HOAKPEAT I 3 90,

1. Linux
2. JRE ( Java Runtime Environment ) 1.5 I Fira
3. Java BiFes ( EnZE)

A, EAIETT Ch 4k build MRRF, 5 ZHE1T1E Intel CPU (f4F AMD 251 [7] 4244
CPU) Y Linux, iXHXF Linux M RATHUAREA RN BESR, REA DIEEEEWAY Linux &17
WA SR 22 ARAARXS Linux 19222507 - A7 .

TAh, BRI B DIAE 32 A 9 Linux iz 47 M ande, Haad i 3R A s, 64 1Y
Linux tH ] LLZFT 32 A AGREE O

51T Cb Hiifdns 2 JRE (Java isf A IRET ). ARFAXT IRE (2T 30T, IER S il
FH Linux &4 7T RRAS BAR 22 7 ik A T ae e

i, ABHIER Cb guikds e Java SCERY . I build Cb 4iikas A B 775 Java 1415
o WAR IR Cb HidenyiG, WIATTE Java Jiikas.

[ %= Chimigss
R Chb SPRRRITEA i, TG RTTSEZHEAF Linux Al Java JE1THREE.

5 T Ch i jar SXIF 2,
THEASCE] tar Ml gzip ITERAARY, TEMHTANT a2 7R

$ tar xzf cbc-1.0.tar.gz

@O % T Linux #9& 24X, # 4AF http//www.ituring.com.cn/book/1308, % 41, L3 vA A% ubuntu 64 15
Z 4T 89 cbe iR« https://github.com/leungwensen/cbe-ubuntu-64bit ( #24% docker 4214 ). iFHE
@ 477 http://www.ituring.com.cn/book/1308, %& “KP FH”, THCb H#FE.
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B AN cbe-1.0 WH S, #EAZH . #54, WTHUHIEBEIHM S (root),
iZ17 install.sh, XARLIMTER T o A RSHFREH2AKE] /usr/local WIHET .

$ cd cbe-1.0
$ su
# ./install.sh

VA root AR P, dn] IZE3E3] 4 O i) home H3E Fiff. @1 NigfT install.sh, %t
A PRS2 6 5] $HOME / cbe H sk Tl .

$ prefix=$HOME/cbc ./install.sh

Cb#y Hello, World!

LA Ch g iF g i, 1B TR ATk L 5 build — F Cb 1 Hello,World! 2 JF 1L, Cb 11
Hello,World! F2F WAL 8A 1.2 Az .
RAELEE 1.2 CbaY Hello,World! ( hello.cb )

import stdio;

int
main (int argc, char **argv)

{

printf ("Hello, World!\n");
return 0;

build SCEFRT, JEiEA hello. cb FrFef H %, SRIGHE shell AL A4 Elm],
$ cbe hello.cb

Ml gee RFBYE, cbe NG EHAALATIED, fithHSCIF4 8 hello. Mk, H% cbe
A IERER, NIZEEREA T T30/ hello., Ik hello C&AEMYA, W FBITIZCE

$ ./hello
Hello, World!

MR /R T Hello, World!, #EiiHH cbe diifaniatriEw . JH FiR hello %
AR Linux JRA N R, 7E1%H 2635 cbe 1Y Linux AL FWal DOER &7,
T Ch 155 A cbe FEATULI



Cb#1 cbc

AEBY A BRI RIS R ESTIAIBRET
A,
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AP G A PR Ch X FIE S g M HLAE S o AT B SEXt Ch il S ML A T fa] B
L

Cb#Y Hello, World !

Ch /2 CHETF MR, AW T CIET hBIREME L ELISEEE . RGN TIEE, SC
ARSI IIE T, BARANL, Chb R E T RIS SN CIEF MEZM . Wik, P
T Ch By AR, WA Y TH T C BF Mgt f2.

TEFRATFERFE— T 1 Cb i 5 %5 14 Hello,World! 725, UL 2.1 s,

REE 2.1 FA CbiIEE4HSH Hello,World! 25

import stdio;

int
main (int argc, char **argv)

{

printf ("Hello, World!\n");
return 0;

AR C I LR BeA 220, A ZA UM import BUT #include, fUHIME .

B H R B CTEA R OS [, BUA BRI AN g ik SasATi” o IREef G
EZAVILBR RS, (CREME R Brhon iy “Bh” 165, XHBTHFLZRATE L. WX
MARSRGE, CHHRFEE gmfein 5 240w RA S R, mCh W 8n T Ciis . I,
HE T Ch, X THSLARE R oA BRI BA

[ CbepimaaThEE
oy THERPERRAO AL IR, F XL C i MSIREAR X BUAE Ch .

o THANEZS
® K&R &k
® SEEH
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® enum

o MR (struct ) BIRZER ( bit field )
o FEMEFIELEIR (union ) WA
o FEIAFER SRR EE

® ESKRIAR

® const

® volatile

® auto

® register

T b 16— T MBS F IR RERY I A

T, Cb A CIEF I RMZERAT Ch 1A WA . INEHLHIVE C i 5 I TALBERS 24
et ZHIHEFIRG 01, SEMJCHE & TR BN EE— s,

B2, PN T HALEESS, FTLL Ch LT #define Ml #include. Rl & AREM]
#include, HIEFAZALE CHREURR, SXORARBIN, R THIZRE, Cb TS
Java 5 import KT . import JAET NG FE S UL

B ALy AL T — 2R

HE, MR TR SEHOCH A DIRE . PR BT WS e, B E WA
PEATSEEE, AR FARB IS, et HRREGT .

HR, BT CIEF N enum MR FRGESR int BAREINEEAT E AKX, Fitk
J T B IRAR LA S AL, XD ILNER . B TR G, FEWEH BRI HFR
WAL, A MR 7 2RI HIR AN S SO 1 DI RE

volatile fll const B H AT, {HKE N cbe JLEASATIAL, FFLl volatile /R
BIHEARKE L . const 1] LU A Hi R Elcr - - A2 A3 B 5 TR St

), auto fl register MUM ML, W HIFIESE, FrLLEHAMER T

import X§2=

T Cb A import FEE T
Ch 7EiEL LA CIET A ZS, mHBA WIS, FrABEE M C &7 1k 3.
T BEE MANBRE R R S AE X, Cb #E T import T, import WITEEEIN T FIR,
import SAXH ID;

T HGEHEARER B

import stdio;
import sys.params;



16 | %22 CbFcbe

FAMEMT CIEF Ak, gk 7T E T ry R, AR DL SRR E L
cbe 15 stdio.hb, stdlib.hb. sys/params.hb A, SBRWTIHCHESFA

3

AR ID E RIS IER C.nb”, JEH ¢ BURBS PRI R C\T SRR R,
Bl s A stdio.hb B9 ID 24 stdio, A sys/params.hb 1Y ID 4 sys.params.

SRS

THEILFRATE — TS ASCRIE T, cbe Y stdio. hb BN AE WCHIEIE R 2.2 Fis,
REBFERE 22 S A stdio.hb

// stdio.hb

import stddef; // for NULL and size t
import stdarg;

typedef unsigned long FILE; // dummy
extern FILE* stdin;

extern
extern

extern
extern
extern
extern

FILE* stdout;
FILE* stderr;

FILE* fopen(char* path, char* mode) ;

FILE* fdopen(int fd, char* mode) ;

FILE* freopen(char* path, char* mode, FILE* stream);
int fclose (FILE* stream) ;

HA T HX LEH B REA IR A SO

® I A

o TEFI (FTEEVBEMNENX )
o EEEX ( XBNRINBEVIBE)

o SMIKTEX

® KEREX

® typedef

PREI AR P A I OCHE T extern, JRHAE Cb iy, pRELRMIHAYZERL, 282K
B ZRAYIARER
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Cb4ii¥28 cbc BI¥RE

DA — R ARSI, 7 SE B w2 A E AR AR F SR ARSI A X — TR XA
PHIVER Ch HiEas cbe MRS H A TR

cbc BB

cbe SR Java bR H R8540, BREBAEE B 67, BHEDF S 342 4E 4 (package )
L BETZE, R ARSI, e, EHE A AN E U4 52 loveruby.net, W14 L net .
loveruby 3k, #EHERBIFIHAK cflat, HNHEHEIIE cbe B, RS H 4580
Kl 2.1 it

net |

loveruby |
cflat |
H asm |
H ast |
H compiler |
H entity |
H exception |
n ir |
H parser |
n sysdep |
x86
a type |
o utils |

E 2.1 cbc HEHEX

MasmButils B 114 HE, & QXN E RS WA, WlkEUL, cbef 11404, FF
H cbe BZEHRE TX 11 MEHIHE—1. cbe NEFHZAE net . loveruby filnet . loveruby.
cflat FHIEZ,
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[ cbe e
cbe FELEINA IR 2.1 Fn (AW T EAETZ net . loveruby.cflat ).

%21 cbcHHE
a (2Ll ES
asm RIS ESOES
ast EiiiESEDSR SIS
compiler Compiler 25 451% 88 Btz 0 3K
entity RREBNTEEE LR K
exception FEHE
ir cha R ED A 2
parser S
sysdep BEK#HT OS MR (LRSS )
sysdep.x86 BEMWHT OS #1 CPU H9REDAZE (REDELS )
type FR ChoyE R Bk
utils N T R

TEXLEAIZ 1, asm, ast, entity. ir. type X 5 EAT LIALE AEHEADC (BEeAE)
BZ5, H— i, compiler. parser. sysdep. sysdep.x86 iX 4 Mun] UIHZE f b FEAH
K CHATHAERN—T7 ) 2K,

FEARACHS s R gE Ay it B B A0 compiler £, HAFAULSE T cbe ity am i T A
WS BN, FRiEasFET A pREL main i XAF compiler fHY Compiler JEH1,

compiler GRS

AV HKTFE—TF compiler WHIIZ, compiler WM HZAIUNFE 2.2 PR,
% 2.2 compiler B EERZE

4 ER

Compiler 4 HAth pir B 2584 facade 25 ( compiler driver )
Visitor

DereferenceChecker

LocalReferenceResolver BXAITEXNE (F9F)

TypeChecker

TypeResolver

IRGenerator M ZIBERE R R (11 &)

Compiler FUEGE cbe MMM HIIZE . HIFAHIA LKL main W7E Compiler FH
o

M Visitor 23| TypeResolver FAREE AMTAI SR . SET X B MERTIG LR 9
TR UL
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)i, IRGenerator MG EIEMEAL RG2S, HHIESHE 11 5,

main FEEHISTH

RSB, FM1—EE KM E—T compiler ZEFIE, Compiler 25 main PR
AR A A 5 58 2.3 Ff
K #LiEER 2.3 Compiler#main ( compiler/Compiler.java )

static final public String ProgramName = "cbc'";
static final public String Version = "1.0.0";

static public void main(Stringl[] args) {
new Compiler (ProgramName) .commandMain (args) ;

}

private final ErrorHandler errorHandler;

public Compiler (String programName) {
this.errorHandler = new ErrorHandler (programName) ;

}

\

main PREH, i new Compiler (ProgramName) ‘£l Compiler X4, Kand 115
B args 1584 commandMain FREJHHIT, ProgramName J& 7 H % & "cbe",

Compiler ZEMMERELT, #E ErrorHandler MEIPKHIE N compiler MG .
ZJ5, e AR I B I 4

commandMain E{AYSCI

WE B —T 715¢ cbc FEALA) commandMain PREL (fUISWEER 2.4 ), JEARKACHD P4l
TERZR NN, EEB, it B HA2 2
REGiE# 2.4 CompilerfcommandMain BIEZEE#F 4> ( compiler/Compiler.java )

public void commandMain (Stringl[] args) {
Options opts = Options.parse (args) ;
List<SourceFile> srcs = opts.sourceFiles() ;
build(srcs, opts);

}

commandMain PRELH, HICH options 25 parse PRECEMNT 1124 args, FHH
4 SsourceFile X HFIFE (list), — SourceFile XX — IR AS . SZPRY build &5
4%, JerH build RECRSEMAY .

Options XM AR UNEE 2.3 FiR.
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% 2.3 Options X &M R

ZEE 5 ER

CompilerMode mode $27% build 4NB A4S 1E

String outpuFileName Farth 9 XX

LibraryLoader loader EIE import I &

boolean debugParser A true, NEHRATESH debug log
boolean verbose & A true, MFRTRFDE ( verbose mode )

Options X R Ak A AR R, PO AU A A . I gds . SRR ARAE,
I ASEA 47 E R R A T U

Javab iZ&!

Al REA LR E X List<SourceFiles AL FRIAZIA LR Az, rllix AR — T .

List<SourceFile> F/n “M A MK K SourceFile FI ", ] 5. H 15 5k 2
“SourceFile MZMHIEK", FJ2SE 1.4 M1k, BAFTLIEE List, Set FEASTILREXNS
FIZAL, M Java S TP, ATTLUEEEEE S < R A £ L > KIGEITLE M AL,

R HAX GV, Java G iEas st HIE TR M2EAY, TERUE TR X R AT 2 T
et T,

XANRERE XTIl AL PR T REFR A Z B . 7 Javas Bt iY DI REH, AU HTE
HKICHITE, AT ) — I DR

build EE#9CH

A1k LA 17153 build fAASH) build pR%L, HACK KLU CASIE 5. 2.5 .
KAGER 2.5 Compiler#build BIFEZEH 4 ( compiler/Compiler.java )

public void build(List<SourceFile> srcs, Options opts)
throws CompileException {

for (SourceFile src : srcs)
compile (src.path(), opts.asmFileNameOf (src), opts);
assemble (src.path(), opts.objFileNameOf (src), opts);
}
link (opts) ;

}

56, HH foreach 15/m] (FYMEIH ) ¥ SourceFile MELZENHH, JF38H compile PREL
TSI, compile PREENTEA Cb X 740 1F, IFAE BG4 KRR PR

155, M assemble RECRIZITI G, KRS SCIF A8 ARSI

B, M Link eRECE BT PTG SO RIRR P PRRES .
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AL F RS FES 1 3 rhAUA R build YRR 258 X N 1Y

Java 5 Y foreach {56

X B A4 —F Java 5 o BT B Y foreach i 4], foreach 1 ), 7E 5 UG It vl LI B i
“for...”, fﬂj_ i MY4E foreach iHH],
foreach IR i Iterator XMRMIERMEIIEA . FlUN, 7F build sRECTHA N
T foreach 15 5)

for (SourceFile src : srcs) ({
compile (src.path(), opts.asmFileNameOf (src), opts);
assemble (src.path (), opts.objFileNameOf (src), opts) ;

}
XA foreach 1FAJ4E R F T I AOARAD .

Iterator<SourceFile> it = srcs.iterator () ;

while (it.hasNext ()) {
SourceFile src = it.next();
compile (src.path(), opts.asmFileNameOf (src), opts);
assemble (src.path(), opts.objFileNameOf (src), opts);

}

i [ foreach 1H41), i JJ1 91 SR SF A5 A HOARRD S ARG AR w73, PR AR - Hof R e
foreach ln"ﬂ—JO

compile FEEAIEM

G HANTRE — F N3 IFN) compiler PREUKCS, TR assemble PREUH 1ink PR
BOBAEAR TSR 4 F 0 - T

compiler PREUT WA TIEA M B L UG 15 IEAC BRI SE, SR e £,
JIr LAk B AR PG SR B SR U R, AR B 2.6 BT

R#GiEH 2.6 Compilertcompiler BIFEZEERS ( compiler/Compiler.java )

public void compile (String srcPath, String destPath,
Options opts) throws CompileException {
AST ast = parseFile(srcPath, opts);
TypeTable types = opts.typeTable() ;
AST sem = semanticAnalyze (ast, types, opts);
IR ir = new IRGenerator (errorHandler) .generate (sem, types);
String asm = generateAssembly(ir, opts);
writeFile (destPath, asm);

}
B, WH parseFile RECHCHIEITIENT, SRIARIMER AST X5 (HFHZ LR ),
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I semanticAnalyze FBRECY AST XL HATIE LM, ERIMEIEEM AR, HE,
V&M IRGenerator 25 generate BREAAL IR X4 (EMRAD ), ZE bk R 4w 1R AT A B
iAW

ZJ5, Vi generateAssembly HEA I 4RIG S MAE, JHEd writteFile S
Ao XA A GRS ) SOl AR BT o

T —FTFG, FRATPR AR B3R5



K5

£38 BEOHAE
F45F EESH
£55 ETF JavaCC rIEtheaadiig

E6E

IEESHT




IRiE D HrRIERE

RELBEMNB—TRERBOFHINEESHT
BEXAR, EEXEA cbe BEHTEEFTEA
B9 JavaCC iXx—T BRI EHTI5E .
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BRI A X

ARSI W B — BT R A T

B HThRgIEIER S

A5 ) 53 B AT AN & P8 1 7 kst T DAy . iln, Fig—1F Cishmsal, Cits
Y 8+2-3 NOZERE N (8+2) -3, {H 8+2*3 [IGEINIIZfHEREN 8+ (2%3) o AT AR, —
EEZ RITEAMLER (operator precedence ),

CIEF RIS HUF M 5 T DU A R s . 25 R oc 2R B0, EREnT LUE R
BORA . XFXFp 2, giikas#RULiRens b B

mA, TRE BEEERSOIN, MR GIAETES, WATZELA, FEE, Hi
PR PN EAN I, GRS B R I R SO = A i 25 5

mEpriR, EargmEsE S M ARIEeT, FEZIERSFEE, WifdEw T

B —ER IR

N TR ARSI AR A SRR, A2 T A By, Bl e g il 5 a0t A e
ZRCEEINARA — BTG . HEOEE— oI, 2 R 2B g il = AR RERZ IR 04 .

35N, ARORE R R RO RERS AR — O A AT AR b, IR A Z e YA P2 2 )
B2, ChtRXMBITI—FiES . B C IR ARSI T — B E R 2547 18k
K, il TS AR B

BemZ, Chifi & TS MGt A — B X LA B A AL . 8 Tk LV B9
WA, DABRJEOR BRI A A A — X LA B, 5 SORE A 7 2 B BE M

[ TESHR . BEDHT. BN

B, ATHORBAR T — TACRS 73 B i) — oA . 55 1 S 4@ 3 T AU b il o ik
IR AR SO IRy . — BRI, TRIE M HTIL AT LIARZEA 73 LR 2 BBt
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1385

2 ABERSHT

R — NIk,

THIESH (lexical analyze ) MUK E N — A2, AT LIFR A (scan ), 2
B, LT LR x =1+ 2 RAEMFRF AN “x7 C=7 17 U7 27 XRE S L
JERTEIZE R, S AR R A R P B SR 2 SR Sk . IE PR R TS T IR
AT, TR A AT DL E AR BEA R SO ], T S R fR A

TR T AR PR A IRE 4 #788 (lexical analyzer ), X Fx333i88 (scanner ),

BRI DU B RNE 0T . SRR T I SCAHTIX 3 AR BEMUR 3 ANk AR R, SRR
RSN (HSEFR I, X 3B BOFARE# b BT . BUA MRS S, AEk Ak
SR TR . 1 SOOI M A I RO 2 0 PRI, A SRR AR S DASS R fRT i
K EbR, FERIREIATE 3 B BRI L, TR ATE .

AATEIVER Cb i PERS IR BT b Sz e, (R LM I — 5 oK AR T A B 1Y)
B RSB

“EESIT” —ERZ X

XEF-RBEIR, KL EEMT ARESX. H—, BEBESTPEEMTIASME
DARMA BEMTT BT, EWES 1 BPRINKXBIERNE 1R, WESTIRIEEDT
WESERERA "BEDT o

BRHBLREFRE, ERERELTOERZEBXHI N, 18EDTFIEESHAX HIE,
XEH WA RIEWESTNNE D, BEXBIEEDT. BZ—AE, BESTANRDE
R, SRS ISIHILE, NN EEBEEMTEANT X ENBEN T, ABEN EX LR
BRAETED, GMA BEANT . ERBEBRHEX DN, =8 "EXEBEM A T XH
RN KR

[ sassssanznte
AT, IERRATE AR T — FRTANE . SR CEDRS BT 2 ) 45 HIF I,
LI Ch ARFSHB,

import stdio;

int
main (int argc, char** argv)



31 mESWHITE | 27

printf ("Hello, World!\n"); /* FJTNBIFIE */
return O;

RHIE TR Hello,World | F2/¥ o 9l Re e A Q20 0o G A9 Bl

import
stdio

int
main
(
int
argc

,
char

printf

(

"Hello, World!\n"
)

return
0

)
TEERMORL, RO T2, BT IR, — B0 R, 28 R AR
FEIIHE ST B (AL TN

BRI HOFPEANE B

AR TR 73 B aa], 7505 R e s e JuRl Rl e, JF i
U INTE A

AT RS I R TE TR L Yo, Bl “sa” R R,

EXAE (semantic value ) F/nHiaPT EATRYE Lo Flhn, 76 CiFY, Hin “s4” myiE X
h“BUE 547, A “rstringt” IESCH “FAAE "string"”. “printf” Ml ‘17 i
A REERE S, AR ES

FIrLL, T FRs B SAT, FRER SR EIE “sa” BN XS ] B i SO B 547
XEERME B %5 B2 iE UEH, Hid “rHello\n"” MIFMREFZFFE, BIMBYE XEN
“H7 Ye” 17 Y17 “o” TR X 6 NFEAF (J#3.1),
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B 31 BRAMIEE

FiHh, WA —SC BRI B ANAEAE TR SUE. AN, X TR int kUL, “fRET int” X
FERIRPZE(E B O 28 AR RN TE X, AT ERIMYTE L H.

token

ERPE T ARG D, RATE “—AiE (A )" f BT “HSUE” SRk
token, i Hff A token XA, IR ST ER BRI AT AU AFHTICES (#4517 ) JF2E A token
J¥51

LINIAFZ4 1) Hello,World | F2F7 R, cbe M4 #n H 1Y token JEANUNEE 3.1 R

% 3.1 Hello,World | BJiRES TR

EiF (HES EBEXE (ZIBEXERNEAD “-")
int REBZF int -

main FRIRFF "main"

( ( -

int REB= int -

argc FRIRFF "argc”

char {RBF char -

argv FRIRFF "argv"

) ) -

{ { -

printf FRIRFF "printf"

( ( -

"Hello, World\n" FREB "Hello,World\n"
) ) -

return REBF return -

0 %& "0

} } -
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cbe P - -dump-tokens I AT LI B RAT BACHS I FIHEZE A token 751, B KHE—
FEHOIREH cbe - -dump-tokens AAHISRAIL, FH— T4 N/EREZE

SIS AR S

G R T B A S TR AR BT A A T A R R AT ol R AR A AU token RS, IR A AR BT
XERLFR RUZSAE, RITEYERS . BUIHBIE, AT 750k nl DN B AR B IEm, (X RER 7 IA 1R
THUNR GRS, AT LA S

TEE R MITER  SE XN, B LGN C 1 5 B 515 735 L K ik 2 M o Y455 5404
FAEESCTERA R o HR, QRA7 5 IR S EARRA PR B S, I SEBR BRI oL T
SN IR IS | SRR EORIEN . WRURUL, Bbra P IIEN, B
TRTEIER

T HRE ML SN GARIER, ARERIE AR, DA 8 R R TR, AR s
= (node) HYBHRSSHLALETTM . JH Java REGHIE, — 55T LUH— 19 fXGORFR
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Py
W30

W'3.2 YR-TEELT

ARTTHA G 1k A Sh A R TR TR

4 BRI e

TN oS A AR BT a2 —PFE R Jo B , R ETE T A S S W
Rt i BT30S A AR SR AT 28 3, RARME R ZE AT 1 58 T R — PP BRI

PR, S A AR R AT Sk 9 T ARG BT, AR B Bl A A A R AR AT 2 1 v
PEAT TS . AR AR I RE P FR 3345 28 E BLES ( scanner generator ), A= AT 28 FORE AR N
fRtTER 4E R RS (parser generator ), HFFHE T LN TRIL, S48 a8 A8 A R 45 26 e st
REA U AT AE R 1A A G

cbe ffi 440 JavaCC 1Y T H kA B 28 FIFEHT 25 . JavaCC e ELAT 2528 s M AT 4%
AR TIRE, IBRIEAE —A ORI R 25 AR 25

AR 2 LE B SRRy Rhak

IR A RAR RIS A AR WA TR . BUAE BAT AR O A A 4 A 1l
a3l LL SR ER £ B 2R A LALR FRAT 23 £ AU 2R 2K

AR 3 PR AU 2 AT A% A RS RE RS AL BRA TR E ) RE . b s A= AS I IE REAE AL 21
A, AELASRRRE. ATRIUGX AR IRIERY ], BEAE AL BT aiE)

— BT A A AR A RPN 3.2 7R e REHT LIS %R B BE T I . — sk
Ui, REMSALBRAYTRIEIE ) AR BT & AL AR LR AN a2 i o (EUR AN LR AT as A s
AR BE AR A GeA%, BT LG B 0 36 Ao folc i T Ak B T 12 DR AR R AR e AT 2 i, TR
HUE LALR SN @R Enias o 10 LL SEHT &R nas [ LALR f#FTas A= i ae gt g e . 30 1
i, AT AR B AT ILE R
R 32 MITARERFRHFE

GES AT R IE R SE R A
LR 4738 A AlEs I —%
LALR #4884 Al 25 LERS PSS —
LL @48 £ pliss BE Rk
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LALR a4 A BES Ab IR TE G e LL B2 0%, I B 4 iis = LR
T LALR 5, UGN 84 s K LR AUZ DL LALR f#Efras A sias 3. AR MR
LALR f#Hr e iias w24 UNIX /Y yace T,

(R T ISR 25 00 5y B R AT B E R, LL b an A A 38k IEFER A . AR
M) JavaCC ST 0] Java ) LL b ilias o

[ fEiras e R R

6 JavaCC 228k, EATRZIAMIMT AR AR % 3.3 9U2 T 4538 75 LT TCRHE T
IR
&R 33 BEMMTIREME

LN CE BB ERARNIES Tl AbER IR R RSE
ANTLR Java, C. C++ £ ZHiEs LL(*)
JavaCC Java LL(k)
jay Java LALR(1)
yacc C LALR(1)
bison C LALR(1)
kmyacc C. Java. JavaScript. Perl LALR(1)
Lemon C LALR(1)
Parse::RecDecendent Perl LL(T)
Racc Ruby LALR(1)
Parsec Haskell LL(k)
happy Haskell LALR(1)

e TR ENEERITEE” —8h, AR LALR(D) 34, FRiE T (1) XFERECE . X3RN
REAZ R AT 1Y token %, Horp (ko) 5 (*) ZORAEMSHIATSIIL AL A BT IO XM
TR A A AR Y DI BERUBGR . WAURUL, [FIFEN LL figdras A iids, Heik LL(1), LL(k)
B LL(Y) ZH R, A C token AR N EORAES 5 FElbAT IR

J38k, cbe HeHk JavaCC E M A v L AR B AT AR 4 4,

o RE T RNRRRENINE

° EITAMMNBITSENARTELINE

o R STI LA R

o ERHRISEE R oI

TR REAETIERT R AL R T JavaCC, BRI Ml br as A= i, 2720 HiAlh
AT E A AR A5 1o AT B T JavaCC MBS, WiFREGREDTE— T
Hoptu A s o
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| #£3% BEMIOEBE
)9
f{, 4 i mIERS

B NG RTS8 A B R ARIFESHIZRIFSS ( compiler compiler ), JavaCC 8y CC th2 “Z4RiF
BHLRIXEE" MIBEFR, yacc B9 CCthE, XEMBE—T "HEBNFFEI" XNEE.

EBX, RERNRFRSIEEMFRFRNORFR, LEHRTREDS HOMEF CPU KIEL
1, BLAEAEMMEXA CPU AN FERBEIES NFHFR, X THIF[DNOHFB[XINMEE, REM
20 #22 60 FRAMNHFFETHR T o

BT REFESRORIFE, MEHRMFERZES, EEHE, EANGHIERFRNRFESOEMHF
FEEHENERE, L IREANRERNEERESHREI,

BEAHIERFSNRFBNFRAR, RIMNENEREB TN —BHITUENEZEHE
Mo “TMENZEZ B EMNI " HERHEBFABEITE, ATRFFBORFS[S—ELEEAN
LR A, TR B E R EEARATES A BB ELL, NGBS G, 38 & A 2SR
SRR AR A GRIR R RIREE T

BELE, MITSERSIERNSHEIES, FFIERFS, FEBFRITIERBRARESRNR
FEMBERESEELT, BEMZABITBEMBLLEESE, EVEZFSXANAN,
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AV
> 9
v 3.3\" JavaCC HI#I &

AL Ch i AR 44 0 JavaCC Y T HRA ST & . AT BEXT JavaCC AT fi] HLAY
i}é‘ﬂﬂ o

H4E JavaCC

JavaCC J& Java Wfidr s 2L s e iide AL ilids . 4 JavaCC IR 1B AL, JavaCC i
RERS A AT LA iZai i i e A dir a (nofResd) 1.

JavaCC J& LL f#HT a8 A as, UL LR ST a8 25 As Al LALR P 8s - nles, ©A A
AT AL AR B AR A B o (B — 5T, JavaCC AN a8 2 THfR . &) T
IPEHE . Jidh, BREET “TCFRACHY token BRI, i LA AT AR BRIEVE VG FIR A 1Y) [a] o 7%
B ARG R, X — RS 5 P4

[ sEsik it
SRR e S — RN <337 SRR, VIR B #. cbe if

TE4 R Parser. 3 WSOl ARTE
— RO, ERRGA S N Z R IR B

options {
JavaCC HJiE I
}

PARSER BEGIN ( f#8834 )
package 8% ;
import EH ;

public class f@ifraeks {
EEH Java R

}

PARSER_END ( fRT88K% )

EEEECL kP

BTSSR
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TE AR SCF R 3K 2 A JavaCC 111 options B, XHA LIEWE

JavaCC H1 Java — FERE i B 25 09 N 5 8 LAE AN 26 h, <5 7F PARSER_BEGIN Al
PARSER_END Z[H[#iRiX N ARAMICHZ . X LIk package i, import FHHHL
FAEE T

TR Z 5 AT A BRI AR AT 25 0038 . XA I N A AE DUS B9 15 e i i, X
B HAWE

"”"" B ERRIR SSRYBIF

TR 58 A A ) ARME R A A IR SO, P B2 — AR5 T B . A
31 PR, ROR A HREARHT IR RO 8 BT TR A AT SR TR AR SR, TERK
R — T, HZXTNASA KRB T T 7
RLEE8 3.1 Adder.jj

options {
STATIC = false;

}

PARSER BEGIN (Adder)
import java.io.*;

class Adder
static public void main(String[] args) {
for (String arg : args) {
try {
System.out.println(evaluate (arg)) ;
}

catch (ParseException ex) {
System.err.println(ex.getMessage()) ;

}
}

static public long evaluate (String src) throws ParseException {
Reader reader = new StringReader (src);
return new Adder (reader) .expr() ;

}
}

PARSER_END (Adder)

SKIP: { <[ ","\t","\r","\n"]> }

TOKEN: {
<INTEGER: (["0"-"9"])+>

}

long expr() :
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Token x, Yy;

X=<INTEGER> "+" y=<INTEGER> <EOF>

{
}

return Long.parselong(x.image) + Long.parselong(y.image) ;

TE—JF 0 options B, B STATIC EITIXE N false, FFIZIEIIKE N true WG,
JavaCC HE BT B b3 S 7 iR e U statice

#i# STATIC I E N true, M EMBPIENT G CEAEZ LB IRE T, Fitk
GIETINZ BRI BN, false, HWEMRGIAYIE, STATIC EWBIAMESE true, FIHICHE
BMEZIET, A A Bl false,

$%%, M PARSER BEGIN (Adder ) #|| PARSER END ( Adder ) ZfEHTASISIIE Lo T
AP TFEE S TR SR B, TSR R AT Adder JERENEIZTT, X HE X
T main PR%L. main PRECHI N AOKRE S IR

ZJ5H SKIP Ml TOKEN #B4E X T HHigh. sKIp FnEPkidasts . HlFRG (tab) FiRfT
¥, TOKEN F/RfIi B8 A7 IF A4 A token,

M long expr. .. JFIREIESG TR E LT SLIENTAY o BXTBIANT token P8I HAT
FUHEE, cbe A UMGIETEM, (2 Adder P MM GIEEN , M B TR R W

45

&7 JavaCC

HH JavaCC K ALFH Adder .5, FHHUIT javace iid.

$ javacc Adder.jj
Java Compiler Compiler Version 4.0 (Parser Generator)

(type "javacc" with no arguments for help)

Reading from file Adder.jj . . .

File "TokenMgrError.java" does not exist. Will create one.
File "ParseException.java" does not exist. Will create one.
File "Token.java" does not exist. Will create one.

File "SimpleCharStream.java" does not exist. Will create one.
Parser generated successfully.

$ 1ls Adder.*

Adder.Java Adder.jj

BT HH ERIE B 2N, &A% adder . Java AR HEIZE .,
BN Adder . java, HTFE javac A RIAT . f AT iy 20E 17 9015
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$ javac Adder.java
$ 1ls Adder.*
Adder.class Adder.java Adder.jj

AL T Adder . class 1.
PERAT S BiEIT—T o Adder ZEMMAITSEGRBO A ZGF T M, HeeT 2L
W X FE A AT AT TR ORI T .

$ java Adder '1+5'
6

$ java Adder 'l + 5"

6

$ java Adder '300 + 1234’
1534

] ILE SRR A AT IR IE Y T .

2z JavaCC FRAREHORERITSE

EARNEERE, AR T — T main B, 56, REIBER 32 PH-RAGHT
main PRELIACAS .
DB 3.2 Adder#main &% ( Adder.java )

static public void main(String[] args) {
for (String arg : args) {

try {
System.out.println(evaluate (arg)) ;
}

catch (ParseException ex)
System.err.println(ex.getMessage()) ;

}
}

R T A i 1T BB A R E A 2B, KK evaluate FiEdE 7T
B BN ASE "1 + 3", evaluate k&R 4, Z )5 R H system. out.
println JiEgmHE5RRIAT

THFREE evaluate LR,
RLi528 3.3 Adder#evaluate 773% ( Adder.java )

static public long evaluate (String src) throws ParseException {
Reader reader = new StringReader (src);
return new Adder (reader) .expr() ;

}
BOTEFAET Adder 26 (FENTARSE) BUXTRILH], JFil adder XK (f#lT) =
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AT sre.
FLEAT JavaCC A WA S, T2 R 2 S8R,

1. A PR AT 28 S5 B X RSE B
2. AR HIX RIBATHEERATHIEC R B 8T

B — T4 1 K. JavaCC 4.0 AR F#AT & T BRE SCA AT 4 PR AR IE PREL

1. Parser(nputStream s)

2. Parser(InputStream s, String encoding)

3. Parser

(
(
(Reader r)
(

4. Parser(x x x x TokenManager tm)

551 MIE AR RBUR B S A InputStream STEORMEMENTAF) o XA PREUT
EVOERATAT R AS , PRI TCAE B b SO A4

e 2 MIE R ME BRER T Input Stream MR 224N, ] LIS A T4F 5 ) gt ok
A IR o AR SR AT S BES AR AT P SO AT AR B RO TE L A 2 RhEER 3 A
HERE HATN R, RIS ISR A, DR SR 1 R B AN

55 3 FE AR BREUH THT Reader XRITBEAMNE . Adder A Ti%IEA

55 4 PSR SN S BUL A . RS BT AT R BOCHE AR N ZS, O
il FZIE e 3 R AR

fATdR A R XA S P AN S AT R TS CIERR LR AR AT ) R Rk, X
B adder KGN expr J1HE, SSTFIARNT, ARHTIE 45 005 2R M1 L AE .

SR ol S e

T EH#E— N H JavaCC A A7 TP SCFEAF I AT BRI T 1

Bt JavaCC BEMS IERAAL R SC, B 5ETT ZoRBA A U/ opt ions MY UNICODE_
INPUT ST E N true, WAL 3.4 R,
RAGFEE 3.4 options B ( parser/Parser.jj )

options {
STATIC = false;
DEBUG_PARSER = true;
UNICODE_INPUT = true;
JDK_VERSION = "1.5";

RE L2 S i A B AT $ 56  UNICODE J5 FEEfTAL 3, UNTCODE INPUT 3£ N
false MYIEHL T HABALHE ASCII Y5 BBl N 1745 .
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7N, NI B2 ARG I s AR5 2 Fhalss 3 R, v AR T4 B DL B 2 A 2t
S 3 FIEMEIL T, 78 Reader ZEMHA 1S BRECH I 2 i

B T X L A0 44 BRI UL 3.4 IXAERIME AL & TS AT AU AE RS IE R AL T
®34 HEBHBR

4RAD JavaCC HIH3iE ek B et Bz 9 2 FR
UTF-8 "UTF-8"

GB2312 'gb2312"

GBK "gbk"




G

AEBENBET JavaCC MIFiEHHTAIEX
RE, ZEBNE ChAJIHRRAILI .
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HTF JavaCC #yf3a =2 it

AT LES cbe AR, SRAZIIET JavaCC IR 78 10 771 o

ASHER

%3 AN AR ER, R AR S R AU ) o i 1R, 1]
PR T B R M. 52, B4 token J751 .

B2 B [EHE FH JavaCC K HiI4E B bRl 5 5 257 JavaCC SR IEM KX (regular
express ) HIEHRI AT ZARHT 0 SR AL, I f o R I 45

TE 238 3O LR A A7 B0 B I OIE 5 . Linux A grep #54 . awk 154,
Perl 5%, fRZAFHCTARTT LAE HIE W Rk, PRI AT 2 02 E W 3Rk 2 N id 2 e 2 1 .
WA AAIA IE W k=, Wig el sitE %> —T.

734, JavaCC W IEMIZRAH grep S FHd M IENZk NI EDI REAH IR, iRkt o8
K, HEH grep FMIENFRAAGTE, IO BB E R 217, XAIEER.

JavaCC R9IEMIZEik=t

ARV —T JavaCC Bl IRV IEN A0, B YL, JavaCC AYIEN Ik AEAS i A A
XNk 4.1 s,

%41 JavaCC WIEEM K%K

s e
BEFHS ‘int

EE 'ABC" "XYZ"
FHA ['X","Y","2"]
FRESEE B F R4 ['0"-"9"]
RS 4 XY T
EE—AFH [
BHORABK (o)

E RN EPN ("o")+

EE n RE mX ("o"){1,3}
E- )N ("o"){3}
LB ("0x")?

b "ABC'|"XYZ"
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N EHEIF AN .
[ BE=%s

JavaCC "EHIA “FIF4F R B SRR i, aTRUARLG S () Sk, Bl
nint" ﬂEn ulongu iit:'éo

DAY C“PERC” 2 IR AR BB YT R HAT b I B AR B AT
AR, AT A AT H DR BAn A5 R mine IEECHE mint .

%' =
R vABCY ZJEHEE "XYZ IR R AGES T, REEE LB ST,
Biltn naBC ZJFHEE nxyz BRI AR

"ABC" "XYZ"

G o 4 SR SR I I ) 2 ik 2R AR 3% # (sequence ),

T ) TSR T E AT R R, NS R nABCxX Yz WR—REN . YA R RR AR
AR, R R AR E
[ =#=a

MEFR “FeE PP E—F5 o, WM S, R [vxr, vyr, nzn] XFEER
N, ZBEEAVCECAF x5 vy 5L vz SRR E AR E BRI FRFA (character class ).

WA -7 Skdg e T RITE L. Bl (o - o] FoRFAF vo ] von JEFE M
AL B I FATHBRERE VLI . WL, BF1 [mom, v, n2w n3n, ngn wgn wgw wgu wgn wgn]
SR

WA A 7 A <=7, BIARRAF R RS M7 (F4RE . B T RIZR ) v L
IR X AR

[uau_uzu’ WAN-_nZn o ngu_ngn u]

[ Hepp R =540

FRAALE IS ER ST TIFAREATAES, RZWIT DR EES PS4,
WEEYL, RERMIRE “BF Z M AT XA, AR A OY HEBR B R 4

( negated character class ),
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HEBR B AT B S AN R B, Sl H R TP A RTE -7
~[nxv, nyw, wzu]

XEERLRER R ko, vy vz DISMIFEAT
TR EEREIREE DT, RAER SRR B AT 4 B
~1]

07 RAEEAEMTRR T, HIeR R e S T AT

FE 1 XHBR

JavaCC BYIEM SRR REE A — MRS, 7 W EE 0 IKEZMEE 1 IEZ IR,
FATEMNEE 1 R UIHRIHE .
B, BT vxn B 1 IREEIK, ATATR AT 47

(l|xl|)+

e PN HE S TCIS TR R R AR R AT I, IR
I v A 1 REREZIR, HIFD “x” “xx” “xxxxxxx” GIUHL,

//"7 ES =N\ NEE N
WEREHGA T 0 a2, LA R IXFEEH <+,

(mxm) *

AT 7 BRI HE S W2 A TR A %7 “xx” “xxxxxx” UK YT (BF
£F) VLhc,

MZSFAFUCHL, St “«7 Btz Al ([RRH 2 IR ), Flin, P — L (ryn)
FIELF R xxx TP EICAL, AP xxx T—1 y FRAAEA, WSR2 AT R, H
SPRAE (nyt) xR xxx BUTFSRILREE, TR TATH xxx BT SL AT AR BE N 0 Y2 747

BRI <" ARE G P BRI S . e 7 BEEE, Z5E ML,
B AR AN BETE AN 28 T 2 (B RN A R DL AL

m,- BE nXE mx

“HERE O WREZ IR A CERE L IREEIR” WO R B BRANE E RS, JavaCC IEIZE
IRAIE AT IR “HE n REI m k" AR, ERRATESE n KE m ik, ATRAUNT R XA {n, m} .

("O") {3,9}
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B 3 AN 9 AT o AHVLEC, PERCHV AR A “ooo” “oooooo” “ocoooooooo” 4%
FWEHEEn&

JavaCC FIEN R E T LA “IEHEE n 7, WNFDR, i {(n) SRR EHEE n Ik,

([rom-nm7n]) {3}

AT 34 0 51 7 PP M ARG TSRO RFRIODITA 000" “345"“777" %
=7 T
THRHABE L 0 W 1K, EFRTLAENE, AT FBCREREA 27 BT,

(IIOXII) ?

EIREEEA T rox ERTAAITG (RTINS ) 1Yo R EEE A PRSI TE Y
BIANARZ 186 5 b RO T R RE S US INE S A5, (WAl U . IXAERORECAT LT
IR

iz*ﬁﬁ%ﬂ “5” “+l” “_35n %[Egao

4%
RIGHOREEUR R, BEUEHNIA A B B BIF C7 XA “EEEEE MU B,
fltnfig “raBct #iF vz, WURIXAEEAREL |7 RIAT,

"ABCM | nXygzmn

TR 7 BOUSERAR AR B AR AR AR, RNTE R R A R IR L F)
Wi HL ey 7

npnw ugn | ngn upn

IERRYE SR AR, RIAR XA L
(vAw wBm) | (nCt wDW)

ARG TR HJ2k B Flven MR A
mpvn (wBn | wgw) wpe

TR A BRI BRSBTS SRR
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iz AL R

AT THAFAT TR SE PR JavaCC SR HIAE cbe BY4H#
B YeRE— T JavaCC [ TOKEN fir 4 fiz fi] B BOARIRAT AR B 7 HEA T H I B 7 i

é% TOKEN a5%$
JavaCC F3H token BL N X AEfH H TOKEN %54 ( TOKEN directive ), 3FHFIC#k token
A FIENFIE

TOKEN: {
<token 4 1 : IFNFRIARN 1>
| <token# 2 : IENFER 2>
| <token % 3 : IENFAZ 3>

| <token®n : ENFRER n>

ARG AT B2 A BT A, AR AT S T ) 258 S X Y A 5B R A 00T 1 Y
token,

It H TOKEN g4 BHAE— SO A DU TR 20, BRI G AR T AR DG 7 id 2
TOKEN 14> LW o

TR ARES

cbe PR AR B 0 R i T, R R — R E — T X R AR R ]
(ARSI 4.1 ),
REGFER 41 PAFRRFMERBF ( parser/Parser.jj )

TOKEN: {
<VOID : "void"s
| <CHAR : "char"s
| <SHORT : "short"s>
| <INT : "int"s>
| <LONG : "long">
| <STRUCT : "struct"s
|

<UNION : "union"s>
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| <ENUM : "enum">
| <sTATIC : "static"s
| <EXTERN : "extern'"s
| <CcoNsT : "const'"s
| <SIGNED : "signed"s
| <UNSIGNED : "unsigned"s
| <IF : "ifUs
| <ELSE : "else">
| <SWITCH : "switch"s
| <CASE : "case'"s>
| <DEFAULT : "default"s>
| <WHILE : "while"s
| <DO : "do">
| <FOR : "for"s
| <RETURN  : "return"s
| <BREAK : "break"s
| <CONTINUE : "continue"s
| <GOTO : "goto"s>
| <TYPEDEF : "typedef"s>
| <IMPORT : "import"s
| <SIZEOF : "sizeof"s
}
TOKEN: {
<IDENTIFIER: ["a"-"z", "A"-"Zz", " "] (["a"-"z", "A"-"gz", n v wQuonwgn])ss

%5 14> TOKEN 2R TR FRURN, %5 2 4> TOKEN fp ik AR . O
SR IE I R AR A B AT AR AR, TR B . R R I E A nvoidn BAEAR
VOID token, &ML "char" il CHAR token:----

5Z M, IDENTIFIER MIEMIZAUEIR W 2. B 140 1 MR il R
R, 56 2 TR MU ETFRE . RIS R R

IR IR

P RS — TN RS, WA BT A L S E R IR 2 b ldn, RS RS A
voidFunction IS R token W7 BRAH A1 I 24 9RJE 4 i IDENTIFIER ) token, {H
FFLhY void #8431 vOID token MYIENIZRIAVCHS, i AT HEAE A VOID token.

S | voidFunction AEA A VOID [ token, JRKJE JavaCC <[l A2 VT r A 1Y
IEMGER, FREPEVE AL AT AR e K R . voidFunction Al VOID token 9 1E M| #iA= DT
BLAER A2 R 4 N7 void, T IDENTIFIER token fiF ikl voidFunction
12 A FAFLES, 12 DA 4 /K, LA T voidFunction, JavaCC 234 i
IDENTIFIER token.
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IR 2 AN Z2A> HEI] By 1 D) KA A DE E A 45 HR K BE AR IR B 1 00 T 2 BREE 7 1 anftas void
(), F1vOID token A IDENTIFIER token [ IFEZIAABILHD void X 4 NF4F,

X RE FI Z2 A BN ) 1F D0 3R ik S VE L A 45 FR K BEAR R A8 L T, JavaCC L e e 85 78
SO A SE Y token BN, L REJE A, WSR vOID token AYALII G 7E IDENTIFIER token
FN 2w, IB44 M vOID token, AN IDENTIFIER token HIFRIIZEE SLAYIE, WA B
IDENTIFIER token,

PR, Wkl IDENTIFIER token FURLINE SCEFELR B F RN Z /i, ARAFTH PR AR 2
YA IDENTIFIER token, FTLAFTA P& B RN 207E 5 7E IDENTIFIER HYRLIIZ AT,

s
YERE A TOKEN a2 195 —AM01 1, FRATEE— FHEFEEAICES . cbe FPARRN R AT

T AnARASTE 5 4.2 PR .
REGFER 4.2 PAFEEE ( parser/Parser.jj )

TOKEN: {
<INTEGER : [l|1l|_l|9l|] ([I|Ol|_l|9l|])* (HU")? (HL")?
| wQm [mxm, wxm] o ([mQou-mgm, mwguw_wfn o wpm_wpn])io (nyn)p (npm)?
| non ([non_n7n])* ("U")? (nLn)?

>

XA IEM A AR oA 252 0, A HAE R IR R
=I5 N e B a1 11w N 19 26 e N 1 I s 1 P i /I i IS [Ei5F S G e
T AR

[min-mngn] (

["o"- u")? L")?
non [an, nxmn ] ([ Qmr-ngn nan_nfn, "A"—"F"])+ ("U")? (nLn)?
ngn]) * u")? L")?

)

AN RN R R RRRCA T Ik e

[mim-mgn]
0 VASMEY | A2k 5
[mQu-ngn]

s
(["0m-mgn])+
AEEHHTF, 0153 12 HE7)
(num)?

T w49 A U
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("Lm)?

T F A L

["x", "xX"]

FAF "x" RFHF X

["Qn-mgn, ngn-nfn npn_wpn]

VAL F R a~f. ASF 948 & I AT (Fxsthleg 54)

([mon-mgm, ngun_mgn wpN_nEN]) 4

A FA AR AT

[mom-m7n]

0278 1 428F (NZEHFH)

([mom-n7n])*

NGEH FAF 0 123K % 125

("um)y? ("L ? EXPEROMRAFRIR . AR IR ERE IS AIE T (BT ) 5 Al —
HWEEN U7 BCLT PEEEAE ISR “UL”. AT DARI R AR R R B S AL 45 S 1)

W o RO

U L UL

O UARRHSEHK, LAFRER, ULAREAFORES, —FF
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4 pt token i i5]

ARATREA A3 2 AT AR A AN A B token 1Y T4 H3 B 7k

SKIP #4#1 SPECIAL_TOKEN &%

TR AE A token PRI, BIANFAFEE] "voidn £32EM VOID token,

S2ZHXE, g T AR AR AR B R AT R SRRy, BN As AR RS, X —R A
FEEEET =Dl Sum

BBk AR RS, AT LA {8 SKIP #5< ( SKIP directive ).

SKIP:
<token % : I >
| <token % : &= >

| <token#% : &= >

I TOKEN Ay 2 M ffi ] sKI P A4 BTE s A 2342 B token, PRIUILATH] sKIP A4 7] LI4g
% token 4% o

1] LI SPECIAL_TOKEN #5% ( SPECIAL TOKEN directive ) ¥kt token, SKIP s>
Ml SPECIAL TOKEN fip 4 iy XN TE TR PRAAF Bkt 1Y) token, f#H SKIP A4 Toikiilalhid iy
i, ffi] SPECIAL_TOKEN i St i) LA B F B4 19 TOKEN Xt R BBk i 745 £
FARL A I B AESE 7 TR UL

47 BEE = E5F
IERANHRE R — P SKIP A H1 SPECTIAL TOKEN A2 1. M cbe A1 CHEL H$HL
HBkid token ZIAIAYZS FAAFRGRRIN, QnfCRSYE L 4.3 FiR

RiZFER 4.3 BLd=BER (parser/Parser.jj )

SPECIAL_ TOKEN: { <SPACES: ([" ", "\t", "\n", "\xr", "\f"])+> }

[mn, wm\g", "\n", "\r", "\f"] %%i—\‘ non (:’fé*ﬁ. )\ m\ g (ﬁ?lj%:z?‘% )\ "\n" (f"ﬁff‘j‘
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FF)0 N\ (), oNEr (BRIAT ) ZPEEE—A>, R L “+" 3R ik 5 fhrffz—
1A s AN HE M 745 55

PR T SPECTAL_TOKEN fird, Bl bIRAZR R BOF Bk t2s s . HI2R4T . e
1 W% B 2 R — D HE AU A R

b, WA T SPECTAL_TOKEN 4 MMiAE sKIP Ay, Ak iyt ol L i
T Token X4 TN

[T B iEng
P — T 53— MR AL token (BT FHITHERER) cbe ORI 4.4 TR .

KAZER 4.4 BRid1TiERE ( parser/Parser.jj )

SPECIAL TOKEN: {
<LINE_COMMENT: Il//ll (,_,[u\nu, u\ru] )* (u\nu | Il\r\nll | u\ru)?>

}

BXHOSOHE TR, FRERA PR B — T .

II//II

FHRE

["\n", "\£"]

#A7 ("\n") Z=@E ("\r")

~["\n", "\z"]

FAT ("\n") Z=FHE ("\xr") AP F A

(~["\n", "\z"]) *

BeAr ("\n") X=F ("\r") AP FHF 0 MR EANHF

"\n* [ "\r\n" | "\r"

BAF G LORITH

("\n" | "\r\n" | "\z") ?

BATHE, T %

ST, R ITR R L 7 PR, B RTINS TAT, I LARATAT
SRMTFA R IEORUL, XEMIRIEN /7 TR EATAE N IR R . SO R T
REBCATHATAT, DIICHATAT 2 T LA I Y
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©
‘!L4

0N
4.4 EETTEFTTTT

Q/

AR KRG GRS BRI T4 Ep 7 X R R IG5 I EEAT 5 19 token AYFTHITT %

[ B rRENASHEE

WA TAE BE — NHIER (/*..ox /) WL EA01 s T AU T
AR, LEFA I ARE—T .
BRI TR UR IO IE A PO R

SKIP { <n/*n (N[])* n*/n> }

WERIXAES , IS4 EBNFRRALERT N IEE AR “ (~ (1) *” DUfC, T S hIRE
BRI A A R
import stdio;
/* ARRER—TRTE - */
int
main (int argc, char **argv)

{

printf ("Hello, World!\n");
} return 0; /* DURTS 0 53R +/
JEEAET “~ 117 AUEE—DFAFILHE, FrRAR 7 7 @ZCichy, JFH 7 s 3n]
REAI KA R TULRE, PUES SRR RS (5 2 4k ) By “x /" ZHTRGARIERICHAC 1.
XHEA R RE MR FAFERICE” O BRI IEEL RN (longest match principle ).
PR RIS O T B P R N R BRI E AR, (H— G B0 T S DERC I A2 A A
WA — 2 H AL R IE M SRR ST 20, H R e 3R TR 2B FH REAS 1 E RIS AT 1O B K DL E

[ S F RS0

N T RUAE © (~ 1) *7 AEBERAYTE DL T BEVERCRY RS, 75 2t T an M g,

SKIP: { <"/*"> : IN_BLOCK_COMMENT }
<IN BLOCK COMMENT> SKIP: { <~[]> }
<IN_BLOCK COMMENT> SKIP: { <"*/"> : DEFAULT }
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FiRfFrhE) IN. BLOCK _COMMENT ;2 iUARAS (state ), b FHARZS, AT RASEEE R4
ARSI —H 43 o
AR — ARSI, . BelE— T LRehiyss 117,

SKIP: { <"/*"> : IN_BLOCK_COMMENT }

XEEFER E PSR { X kAL YA, SEFRRICERG 2FE® (transit) FXFN
FPRZS . bl FH T304 IN BLOCK COMMENT HRES

HRERAET B BEARES G RSsSB4 %ﬁ%JJ"J WtiEvi, 75 Lk
H1, BRT IN_BLOCK_COMMENT RA % FHIGRLNIZ A, A LA AR 45058

FHE LHORAS T LB, TR N X BEfE TOKEN Sar A miin L < k&% >,

<JR%E4% > TOKEN: {~}
<JRAS% > skIP: {~}
< JR7S% > SPECIAL TOKEN: {~}

AR — T AR BT P RS 2 17F055 3 17,

<IN BLOCK COMMENT> SKIP: { <~[]> }
<IN BLOCK COMMENT> SKIP: { <"*/"> : DEFAULT }

HAYME##AET IN BLOCK COMMENT RN, XPMRLNAATRL, i FLA R 7 i
MRE TR TR
Ja R — MBI 3 17,

<IN BLOCK COMMENT> SKIP: { <"*/"> : DEFAULT }

ZATH I <v* /v > DEFAULT R RRESTR, BIEUZVCHEIBI v /v 535 5k i 58 5]
DEFAULT RZS .

DEFAULT #K7 ( DEFAULT state ) K74 g e UG TRIE 0 At RS . B R milFa ek
BIRNE ST RLNER 22 A E DEFAULT IR, W& ii, 245 M1k SRR R A5
ML AR PRAF AN L KA T B RN S B -4 T DEFAULT IRE.

<"*/">:DEFAULT MYRLEUR IR v/ T4 B [ B AT AR

[ MORE &<
I, FERMPOERARAS T R,

SKIP: { <"/*"> : IN BLOCK_COMMENT }
<IN BLOCK COMMENT> SKIP: { <~[]> }
<IN _BLOCK_ COMMENT> SKIP: { <"*/"> : DEFAULT }

B b EIRACHATISRAFAE A, b IR A S i e v 2k SO Y R A b2t BRARORE R
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R
B, XR X (FAAEREATDE ) 19 Chb A T 44T
int

main (int argc, char **argv)

{

return O0;
1
/* XHER

IR RAZE RC R AP R T QR AR P TR EE, BRAR RS LRSS TR
R Lﬁﬁ@%m, B AR FHRIA B3] AT AN, AN 2 H 7R AR TR 1R 45

REREEIRIRRZE TR T 34 skIp ap2 WL FEA T84 o AR IXFE43 1L 3 /\ﬂJ\'Hé@f
FH SKIP A4 iE, 3 NS 73 i B A X 25 Y token AYFEIAR, DAL DEFC BT ] — R
IS ERE NN £ S D Eﬂ{j@ﬁ%{}_*ﬂe*ﬁ S, AR TE A I ok . SEBRIE A 3
FNXT—ANE R TIRE S0, Fr A 3k 3 AN HUWH T — ™ XAHEmE B4
i

XA LI MORE 474 ( MORE directive ). @3 ] MORE 4>, A LLEF— token
38R 1 221 S A R R U DA i

TG, fiH MORE & el 5 B B A TRl 3 Hr R AN iR

MORE: { <"/*"> : IN_BLOCK COMMENT }
<IN BLOCK COMMENT> MORE: { <~[]> }
<IN_BLOCK_COMMENT> SKIP: { <"*/"> : DEFAULT }

B LATAIEE 2170 SKIPE< #i ol T MORE M4, XFEFLAEmMAFAME L [ L%
PN IR A A 457 Hog 2, W MoRE A E BRI SRR, sk s
MRLMPCRL, Bhas kAR

PR L MORE Air 4>, FEHRIREAY rhid 8 3 SC {45 Rk vl LUE R B RS 1R T o

‘%' HRiT RS

KFHGI I ERRMELTHe TRZ, XEFRALZ—T . MM cbe RIS EH A
PR REAER Sy, ARSI B 4.5 PR o
REFEE 45 BHTHRFRE ( parser/Parser.jj )

MORE: { <"/*"> : IN BLOCK COMMENT }
<IN BLOCK COMMENT> MORE: { <~[]> }
<IN_BLOCK_COMMENT> SPECIAL TOKEN: { <BLOCK_COMMENT: "*/"> : DEFAULT }

FAT T E sk T PRI
B, M (~ 1)« AR D TR RS, e R A A AT T S | K i
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JEVERELAS, I FRATE A TARSER S Hab 7ol

Hk, HAfH skIp a4 SPECIAL_TOKEN & #EA THIiiis , 7Ry rhid i 21| S0
SE RO IEMR R R . RS R 2 Sh AT T %0 MORE find, DUMEREGZ /R
HHEER IEAE T —A> token,

P T BRSPS, SERERS IERR PO RE, WRBUEAR AT ML IREE IR T

BIRFERIA LG e, (A EA AT AR SE 25 1 2 m) #B T LT 2E L0 07 ¥ A 44
WJE KA AR+, T ATE FE RIS R I MORE 441 FH i o

m' R E=EEE

TEFRATT R E —M1TFH MORE An 2 AUBI . $EBUR TR Fma: ("Hello %) AUHIHIL
N, aARES S B 4.6 B 4 B o AR B AT AR AT AL 4T, Fr Al TR
MORE A2 o

REELE 4.6 AHFHFEFEE ( parser/Parser.jj)

MORE: { <"\""> : IN STRING } // FR 1
<IN _STRING> MORE: {
<(~["\"m, "N\, M\nt, "\t 4> // AN 2
| <"™\\" ([mo"-n7v]){3}> // R 3
[ <"™\\" ~[1> // FN 4
}
<IN_STRING> TOKEN: { <STRING: "\""> : DEFAULT } // M s

B, MRS IERS ] LU 2 BRI token, SRR 1 FRIGSF <07 JEiTRH]
IN STRINGRZ, HAHN 2. 3. 4 EZRRE T AU

H, BR T EJERRIN 5 288, B 1 ~ 4 #EH MORE i 4K 24BN 44— token
KRR BALIRZA T JavaCCo IXFE—3K, 7E token FH B2 1 vk 45 R BE AL 45 HH IE A Y

RIS o

m' HiEFHaFEE
B RE— FAMTAFFIE (A &) MRS, PRI AR ARSI 5 4.7 PR,
REBFER 4.7 PAHEFHFFE=E ( parser/Parser.jj )

MORE: { <"'"> : IN CHARACTER } // H 1
<IN_CHARACTER> MORE: {

<~[wvw, w\\w, w\nv, 6 v\rv"]> : CHARACTER TERM // 2

[ <"™\\" (["o"-"7"]){3}> : CHARACTER_TERM // B3

[ <"\\" ~[1> : CHARACTER TERM // N 4

}

<CHARACTER TERM> TOKEN: { <CHARACTER: "'"s> : DEFAULT } // #05
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MARAD E 75 F A H3 S T 0 AR R AR L, (B — R 2 4, HHIR Z A 7E T4
FERIRN 1 p A4 <" ZJEiT M E) IN CHARACTERIRZ, (HZ G 8] — 7455l X
A5 (escape sequence ), WIZLiTF4%| CHARACTER TERM RA,

ZIERATVIE L RERERF AR RS, MEEFAFBILETZEKEREER, H
FRFF AN ARV —ADFAFR i, FIEM R0 NS e se 2 st X
BREERF <7 T, X HITHF] CHARACTER TERMRSHIFR “F— M8 R 2 L4545,

i AR ENEAR

ABRMNASERT ZMINRABIOERE, FLEAA—THUNEREBGEASOTR, ZAN
BRI TR,

SKIP : { < u/*u (~[n*nm])* (makmy 4 (__[u/u’ WAN] (L [MEN] )k (MkM) )k u/u > }

BXFNTIERFE 3 E,

HE, TFEH HLUER. NBOREFIEAN, RUREEREE—/ NI SKE "
FRETIXAF IR " MM, TERSTERBE 3 NMINESR,

HER, SHUARBECRELEXHELMENARMET .

RE, ABRNALEFHRAN, EREXBLER "HEIBRETBIXGER" XHNE
Ro EBRBPXHLERABERT, REAXHA-—TRUEARNIE, ERE "XH&EF
EXERHNTHSE" XHFNEIR.

EARSEIBNITEARVTREEREER R, MEIREREBRITEMER, RRFRMN
FHBXFREFRISTFNLERY token, BEARSTERRHITIH,



HF JavaCC Y&
SRR

-]

REBNBET JavaCC RIBTRAGHEIATTIE .
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&-TF EBNF & p#ik

AT TA PR — i Ch I F RIS, — ] JavaCC HlVEMENTER AT LA T 4

ASHER

B, AR B — AT R iR
GRS T RRAT 2 A AR PR AR 25 A2 B token JP 8RR A OB A . Bildn, AR paniEl 5.1
IR Y TERIERY .

54

a

KIAR

Eskaglchs

&R kSHlE )

printf "Hello, World\n"
B 5.1 EEREGIF
W 5.1 JoR, FAFERAFL (o) RS Y 1A, #E 2, SR REREAE AT
A 14 token BRI
Jy—J7E, “VER)T O CeRBORTT WX Z AR, BIXERN 2 token, {HIXAERYTRES
AR IO
W LRI 21 token A RLATETE SO FON IR, IERARHT S 20 TAE. 7F token J7
Fivr, HEUHIE T XSS RERT R kAR S, Tk AR token {7 E R
PR RI AT, AR AT 2 KHER) TAE,

HF JavaCC thiEsiid

TR YT JavaCC M token P8 H I “THA)” “FRikal” “pRBAHT SFTH
BRI
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HEN JavaCC il “ifih)” “FRIK” “sRBORAT XAFATEL 0245 & H B R token
FeoR LRy, SERE X I T 04T (parse ).

flan, TEFRATLL A B WK AE 2B AN R B — R o e fa] A IR 2 5 mT LA AR
RS e SRR WH HEZ, WRETE CREST Cr=n? SRR XRERIHES,
AR IR X AR AE JavaCC A7l T XA o

assign() :
{}
{
<IDENTIFIER> "=" expr()
}
assign () X WIR(HEFEIE, <IDENTIFIER> XL token FRHAF, "=n XFh " ="token,

expr () X FRLHX . assign () Fl expr () BEEMEHRAA T, A RZUIRME R A0
Wi assgin (), FiKAWIZE expr () o

& <IDENTIFIER> XFCAAESIMa HE iy token, TERGRMENTAS I AT LB 4G
HARA AR v = A A [ A HR A [FIRE AT LUK token, i DA REAEREI S ]

515, Fik expr () A HWEHZA token PR . XFEAYIHOL T 75 28— 2% expr ()
HYRLIN AT IR . e vh SORE s 3 T s .

expr () :

{}
{

expr () "+" expr()
5 expr() "-" expr()

5 expr() "*" expr()

B FEE U TR AN RN Z 5, BT JavaCC RUMRHT SR IR WA e T o KE0E
A — D RERIENSR TIE,

AR

X | DARTE, JavaCC HORIAR “1BA]” “BRBORA” “Fik %3E token 11
LR FR N IEZERFF (nonterminal symbol ), FERFAEZEmAF1R Java 1 pRECH FH—FEFE J5 TN 1
55 stmt () 5 expr () o

WESR A “dE” ZaunfF, HIRWAZmST. &5 (terminal symbol ) 7] LAHYH N token, fiff
FHTEH 2 P E X4 PR, WIS R <IDENTIFIER> B{ <LONG>, JfH JavaCC "% T 41
FE 2 e S token UGN, mam omgn oo oo SORE (8 SR B S T AU 0T DA Ry 2 £ ok fif
M(£s51),
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K51 KIHFFIELIRET

FES ax il
R FF token <IDENTIFER>. <LONG>. "="_ "+"
JELIHRF &I R HED A Al BB SR BT stmt(). expr(). assignment()

TEVH token I FEATHEE] T “token S HLial i 7ML BUA S SCAYLLE", X FLAZ I AF AR
SAFHREY AT ATLLUEZE & T AR AR A

WPRYL, KR “FF7 WAE P ERIAE O EIIRE. 250k UL, TRIEFR KGR
RLIRATREA 1 =1 KR FIREL, SO R 1 R AR 17 XA S TR
T SCHE RS ARERR N 477

W SE—, 2T N AR L AR L, RO AR R B I, 2803 (0 T 19
et aAS (2835 ), ARLSmAT i T2 i AR BB, P —@ A T 3k, R AY

JavaCC # EBNF &k

T EAA L — T JavaCC His ik N 548 vk

JavaCC f#i fH4% & EBNF ( Extended Backus-Naur Form ) 3RSk iR 1E LN . EBNF
AR P A I 2k =G 2E AL, H HE I Rk S RERl R B i B T

BYo, 52 BT JavaCC RYMAT v Ll as T 9 EBNF 2Rk
% 5.2 JavaCC HJ EBNF &R7Ri%k

(LES ¥

Lin T <IDENTIFIER> % ""

JELL R TF name()

i <UNSIGNED><LONG>
ERNUPN-EPN (","expr()

E-RIN-E N (stmt()+

brie S <CHAR>|<SHORT>|<INT>|<LONG>
o] LB [<ELSE> stmt()]

e avhd TLmATIARZ AT, TN 3 WY “E4E” IR E—T.
[ sz

BERIE IR EAT ARSI, I E RS A, HEREMN T B, HEERENS

Fln C1EF (Cb) ) continue IBAPEMREA T continue A5 a0HES . Soad>kvd, 4n
BT continue ZRHEE DT, MUHXE continue MiEHA], JavaCC Ff iz 5 Kl
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ﬁn‘Fﬁ/;i\ o
<CONTINUE> ;"
<CONTINUE> Z#R/RNEET continue WAWAT, " ;" SRR TAF H B LR AT . 143X
K, JavaCC "3l o [ B 50 5 5 Foon ik 2z
PRI ] LU At n] DURIEZOmAT, IR IE IR & nT LA .

ém7§ﬁ§02mﬁ§3ﬂ

EERN R — T UK 5 1R 0 a2k, EEEBMFINAFS X IFHEH B2k
AR

Fian, CiES (Cb) R tmterha] Lid#k 0 ek 2 E A HEY), FAPRIRER A —T.
THYEEREERR 0 M Z BN (stmt ; statement ) HEF

(stmt ()) *

FNEN R XAHE], * EFREE 0 IREEZ KRR TR, JF H AL stme () PIIIYHES
ANHEA W o

FREBE—MF . RIS EUEHIE SR %A (expr: expression ) HEFIMI ALK,
PR expr ZJEHEYE 0 NEZAHE S expr M4LE . XEEHLNTE JavaCC 5 i
T,

expr () ("," expr())*

R, o« RO S R IRE S S N A, wabiE i, XS RIE S
Ml expr XM . e EIRHINGERS R BL T XA AT 551 o

()
expr() "," expr()
expr () " expr() "," expr()
expr () " expr() "," expr() "," expr/()

FERBRAT R, IO OB ZUC AN WY, PUHRHERIA 15 A
A Tk
[ &5 1 x=zix

MIAFRANTE TEE 0 REKEZIK, JavaCC [RFEA] IR/RER 1 IREZ IR, FIE N F iR —
R, B 1 a2 WA + 5t FIEL,
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(stmt () )+

AR THEZOmAT stmt () BE 1IREZEK., IR stmt () JBIERANE, (stmt () +
A 1A s E A B HES

47 EEE

AR5 1R (alternative ), TEPRZIRTEZ MEETUHBERE | AR, HLUHERSFS A
HHEFS B,

#lhn Cb MZRAIH void, char. unsigned char %, WG M.

<VOID> | <CHAR> | <UNSIGNED> <CHAR> | -

Fl <VOID> B{ <CHAR> B{ <UNSIGNED><CHAR> By --++ B,

[ arazng

FLECRICATRE B 0 YKE 1 0k, BIAT LA IS o SR X RERYREURHE A (1.

PAAS R SE o 5E ORI i] LIS EAIR(E, (AR A BB IR oA .t
Yi, WIGERICHOE TSR . XEERTEOLT , 18 JavaCC W] LIS BN F g,

storage () typeref () name() ["=" expr()] ";"
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B = X HEF0 token BB RIS

AT JavaCC #EAT1E L0 AT ) T 38 21 i 2528 ), DA S Hf gy ik 2 ———
token [FJHERTHIHE .

EER— Mt

FL b, JavaCC IFAERES /MM T A b — 1 BRI 7% (EBNF) Frffiidigifid. JH7TE
T-H] EBNF iR iiETEA i FAA7E B = RSO

Z—ANH AT, ERMTAEZET CIaE P i HaiEk, CIEF MW i HRH
JavaCC [ EBNF AJ LGN R X FEA A

nifr o m(m o expr() ")" stmt() ["else" stmt ()]
H—Jim, VERFFE FR R B, FATRE — T Trps1.

if (condl)
if (cond2)
£0);
else
gQ);

LEFRATAR G WA AR 2 B T X Bef A
FRZTRUEME 2D if Melse BMAAY, X—RMA TR 1 ZMFZ T ML
IR B INR BR

if (condl) {
if (cond2) {
£0);
} else {
g();
}
}

{B5EFR b, AR B, AURIENIA RS — T, TR R T RERY .
if (condl) {

if (cond2) {
()5
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}

} else {
g();

WYL, X F 1 ERMAES, wT LA 5.2 3R A i 2 BB AN o ARG REXT TR
AR REA Z R R, IXORR TR ] DASAF AR — S

5.2 R AFRERRERIIE AR
WS — T, C i F H i 1 £ A AYRUNAEAE = PR IR U LI A 41, IR & else
( dangling else ),
[/ JavaccC wummRE

WA 925 8 else [, HERIETEA T FtAFAE — LIk, BRIz At, WAFTER Sl JavaCC A&
18 Jrg BRI TG T2 TE A AT A AR 0 o A9 5T TR A R T 12 I gl 2 i A S R )i

type(): {}
{
<SIGNED> <CHAR> // I 1
| <SIGNED> <SHORT> // I 2
| <SIGNED> <INT> // I3
| <SIGNED> <LONG> [/ 4

2 [, JavaCC 7EMBEIH |7 rFREIEmin, 7E0G2ET 14 token HYRS 25k 2% BEIE
AW, BYIRsIEL R PR

1. B2EL 1 > token

2. RBREINFMOREH B LR token 3L 891%E TN

3. FF TG IE A ZE T

WAL, ARYE EIAMN], JavaCC 7E32HL T <SIGNED>token HHLE. & i%+#E T <SIGNED>
<CHAR>, HIBETI 1, HULBEIES T30 2 Ik 3, 25 eBa 2 L. XA R R
JavaCC fiEFEiM 52 ( choice conflict ).
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ISEN A MIELEER S

ERPERYE, SRS Tk AR F b RIS OL T, 25 JavaCC A BHZIE Al b SC
PF, e i PSS HE . IR ICE  HraiRL, S LaferiE.

$ javacc Parser.jj
Java Compiler Compiler Version 4.0 (Parser Generator)

(type "javacc" with no arguments for help)
Reading from file Parser.jj . . .
Warning: Choice conflict involving two expansions at
line 642, column 8 and line 643, column 7 respectively.
A common prefix is: "unsigned"
Consider using a lookahead of 2 for earlier expansion.
Parser generated with 0 errors and 1 warnings.

ks, EEFUEHILT Choice conflict FFHR, MEUGHH & A T vE#EmzE,
fife e bR IR 5 A IS, Horh 22— R R R I A O 5 5 AR B R o DAWIAT B AR
WA, BRI X AERIA]

type () : {}
{

<SIGNED> (<CHAR> | <SHORT> | <INT> | <LONG>)

R R AR T .

B E) JavaCC HY LIRS FRIERE, 15 555 87 T USRI 57 i 7 ok b B, (Hik
SEAFAE T AR ICEE IR BRI, DA SR B0 0 AU AL BEAR H R 2R B NGO, X RERYTS
DU HEAT LA ORI “token MBI defiik.

token AYERIFIHE

ZHTHES] T JavaCC 7538 B BT ARPEZEUY 1 4 token AW BEREMES LT, F5L 13X
FUR R JavaCC BRIMAR IS B2 BUAY 14 token HEAT T, LELHAAFS 2, JavaCC 1] DAFEEHL
W2 token J5 PRI BEREME LT, X AIDIRERIARY token HIEHTHHE @ (lookahead ).

WA 5128 B R UL RE A token OB RTFARGEAT 08T, LR RN 5 sican F =K.

?ype(): {}
LOOKAHEAD (2) <SIGNED> <CHAR> // I 1
| LOOKAHEAD (2) <SIGNED> <SHORT> // I 2
| LOOKAHEAD (2) <SIGNED> <INT> // EIn 3
| <SIGNED> <LONG> // EIN 4
PUR &1

O AikA “ERTER,

FHE
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AN LOOKAHEAD (2) 2564, LOOKAHEAD (2) F/RME BN “2HL 2 /> token J&7, 0
SR token FIZIEIAHAT &, WIEERZEIT . Wt & v, 202 4> token, IR EATZE
<SIGNED> Ml <CHAR> i, BEREFHIET 1. [FEE, 55 2 AEmiiY R B2 2 4 token, UN5R
BAITE <SIGNED> il <SHORT> FUIH, mivk s 2.,

T ST Y token N ( FiRFIFroh 2) J2idad “Ha@ER Y token 21 +17 XAERYE
XIHEARRN, Flan, FARMN ki m3LEIR S <SIGNED>, HA 14y, K2
HIAAH 1Y token DNECHTESLEEAN AR 1, BP 2,

T A FERE S A U R e 7 PRy HESSE T L@ H 53 1Y token 82 1 4 token, #E—
E RELENARHSE A /1Y token, WRLZDEL, RRASILEIAS AT ARG A . 280 TR FERHfIA
Ja TR S A A T,

B E LT (3T 4) AFFEAH ] LOOKAHEAD, iXJEHf LOOKAHEAD ETELHE T 2 ik
TG, SRy TR P BB I A T fie

IEMZHT AR, JavaCC SRSEE FISERAR eI, Rtk 43555 193850 R & vk
HHADWBEAC 2 L5, HBE PG VAR T, 1R ATy, R fER
WA L o WA AR ] — AT DE B A%, I8 N BB  CRS A TR TR R T .

HJE, TCEESRA CILE AR Y token B0 MUIE LU RAETER o XAERB - DL RSk Ty Sk
TERS G4 RGBT X — Ao e .

AT AR ERANF S

BRCUERET LASh, BEFRRRORAE CnTRIAAMET B “HAE 0 R el ek .

AL IR R, 2k SRR IR RN By g, AR PRI 1 ik 2 e
27 BIMhOE . ZHIHRBIRZS B else wE— D HEARBIPI T 258 else BRI TINMIAY 1 £ TEATHY
else M R2MEME (K 53), WRNIA i BRI else HPEAEM, W else HET
WA 1 4], QAR I ATE S TAMIE) 1£ 1A,

A if 1BE & else 891EM A if 156 &8 else 891EMR

if (cond1) if (cond1)
if (cond2) f() if (cond2) f()
else g()
else g()

& 5.3 =& else [@)ERf0imse

75 5 else Fx ELWRYHIW e “else @& THMNMIA 1£7, HItiE M LookaHEAD SRk
TP, 15, A LOOKAHEAD HE4 T KT AL IUHE A 1 R s
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if stmt(): {}
{
}
i ] LOOKAHEAD ik fn 2 A Az BN &N R Al 7s o

<IF> "(" expr() ")" stmt() [<ELSE> stmt()]

if stmt(): {}

{
}

AARFT UL, FIWTr A B AR B, AN LOOKAHEAD (1) , BEFTLAfEE “#i 14>
token f&, WIRX token FF G RN ( BIANRIE <ELSE> ) MIAR4HE <ELSE> stmt ()7, XFEHLAE
Wt else IR THRNMIAY i 164, 258 else BYRIEIRLAT LURIR T,

ESFHhzE

HERNO T akd RN EERN T AR R R XA R
KE—DEARIGT, AR PR Ch 3R OB 2 1 IR

<IF> " (" expr() ")" stmt() [LOOKAEHAD (1) <ELSE> stmt ()]

param decls(): {}
i type () ("," type())* ["," "..."]
AN, FORTARRSE v, v ORSRT . JRR RN % HE FE
A IR, EREH type () J5GEE] v, v B, ASRATRER v, v type () WWATRER
womon oy, {H JavaCC BRIAMIET HEE 1A token, PRIBLTEREE] v, v Bk 0200 MR AR 2
AR R, FEEHARTS v, 0 A (L0 type () BITFL—3L, Ll JavaCC 2— BN
FEE (v, type () *, WHL v, 0w NSERRSBHE], SERR FASRRR B e,

non SEHATFERI v, v type () THE HTEIEETR
B FRR, AT LA %8 LOOKAHEAD

param decls(): {}

{
}

XA JavaCC TEAFIHIBTZ B A N 7R BEI 2 4> token 5 PRI RARZE B A, PRI 7E
AT o RS ORI v, v eype () APTECTBEH (v, v type () * BYE,

type () (LOOKAHEAD(2) "," type())* ["," n. . .v]
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BB

KT token RUABRTFIN, JavaCC Wil #2478 R RYEH ik, ZHT4#23]AY LOOKAHEAD 1]
PIFEE DA T LA token”, BRILZAMATTLIFEE “TEBUAF XA T A token”
LR E — T BRI LRTRERFI . 3EF T mEL

definition(): {}

storage () type () <IDENTIFIER> " ;"
| storage() type() <IDENTIFIER> arg decls() block()
PaN
RSE Ch BISEUE SCRIREE SCRIRIIN . ZEMIRHE o o8 24, W2 ul, XA AL
SRR . BT DI i S R HE o R e R, AR U AT P S A T
HIHTT
FHRERTHE RO B LR, BEE “HA 4 n 47 token ZAT NI Y, R R FE T 3L E 4
storage () type () <IDENTIFIER> HAEIEAUGFTS storage () Al type () o FEHAH
il storage () Ml type () SEBRXIR LA™ token, FTPATCIE FHIEHC “HA 4 n 7 token AL HH
X e AR A SR 2B BRI S X RN A BT AT token” SXFERYBCE . E IR Pk
T E] )l 70 2 storage () type () <IDENTIFIER> , PRI HZEEECT Ha@d 0 B 14

token, Bl storage () type() <IDENTIFIER> ";", SLAEAEIX I 2 30 1, R4 an
ks,
definition(): {}

{

LOOKAHEAD (storage () type() <IDENTIFIER> ";")
storage () type() <IDENTIFIER> ";"
| storage() type() <IDENTIFIER> arg decls() block()
DU &8
HIEFFR, U E LOOKAHEAD 4 15 - A SRR A MU P, 3 BER AT
AL REAE R b IX 73 2 SHET T .

B S SR

X L~ F token [AER HTFEI A G B850

RI{# 5 T LOOKAHEAD I IF — &2 i 44 M T X 2 ' #4743 M. ¥l LOOKAHEAD Jii
Choice conflict MESHEMNHIHEEL T, HELFR L JavaCC AN4X) LOOKAHEAD #ifiili 1)
WA EATARAT R A . 76 & A e FR vh 28 9 Hb 77 Il | LOOKAHEAD J& AP i /m &4, (LI E .
LOOKAHEAD A FHAHASE A A, FATHHTH C B,




5.2 BAHIZ MR token HUABRTITE

|
c

(o}
¢ SHOREHT R IR Tk
4

JLERT, HERITRANIEEIEZESEE vace ( LALR ), ERITRHTREHI T HE9HIKo
Hehz—2F0LL f@4res. LR @ATes KIS &R TR K Packrat f##Te5. 1R WPaK Packrat f4T
25, BEBUW TN,

1. XL ROBRI

2. ERX AP BN, TU—FHRS

3. ARRPERBNFFHENKE (RIENKE ) R
A BRL XM (R REZR else K0T )

Packrat @428 o] Wik 245 B 8975 11

HEHI 7T BEFERAREIES KRB AN 7L, B4 parser combinator AR R H F > —,

JavaCC AR T Java IR KGR IEL, < EHEMNRIL, WERFEH parser combinator iX
MR ARIIE, BT A Java ERBIES EERTIEE. NBEXHENTFE, BITesERSHAA
TEANREFE, BEEESAE JavaCC XHENFTINTE, XEENTZHRA,

T LABFh (L, SRS EEE. H{EMEAEITES AEEB R, FHit, 7 Java 3k
HlEmiTee N, RAHPRET JavaCC, TE=id—FXEHRN &,

67
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AELF—BNE ChRmIF[MMFENTER, —IONET
BAEXRIZBET JavaCC HI@TRAHIA
%o
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AT — R SEBRA Ch BT, — I HARME— THET JavaCC R EAOFIR T

f@%ﬁﬁ%ﬂ?ﬁ%ﬂ%ﬂﬂ%

WA —ESA IR “TWEMTIXZER RS 75 Ch ', HEmsaf, B A
S BT BTG, BT AT B R R B I T ROR o cbe RN 1 AN SCIEE (R
B AE LTS BN compilation unit, ERHFLNNARALE R 6.1 Fix.

REGiEH 6.1 compilation_unit B3N ( parser/Parser.jj )

compilation unit(): {}

{

import_ stmts () top defs() <EOF>

}

Cb B XAFRIFT 3 B import FHH ( import stmts), ZIEHES RS2 PR A L
(top_defs ), iRHLNIZRIAYHZXFERHES] =,

<EOF> JE&R/R XA R (End of File, EOF ) &5 . 764 compilation unit ()
X FRRTT LI RERNFT S RIG, 25 I <EOF>,

MIA LN “pRBECERALE WHES ", HataRdb i EEZ Al Ch MR F i e LY
G BN Perl 5 Ruby X AEAYTH F Al LAAE R EE0 AN B S /AT 18R], PR
FitRIOER LS. M, 18 C. Java, Cb XFELIENATIRAIE S, —BRERFEI N
PRI LIRS S

[ iEsnogh

BESRCLZEINBLT 523 WAl SRR, FIBEIERN IR SE— F i o h 2 )
i LA

— PR 2R

e F X (definition )
e 7=Bf ( declaration )
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® 154) ( statement )
® Fix= ( expression )
® I (term)

“TEXT JRARAR T . BREUE X LA, UL CIEF B, AR R L. REE
LRy S (R 2 7 B ),

PRI 7 T AR RS TR N C 1B I REUE LI AR T AETE 1 £ 1R
], while IEA]HI for IEAIRYHES

“Fik BB BAAERIERERAL, AW, REERAXEERENLN, 55
TEREA N S TES BN B . CHEH TIINEZE (x+y). WIEEHE (x-y) PSRBT FHER
J&TREAX . S—f, if. while Fl for Zifh), ILIAEAE, WA “1f 154
BAKMAE” 3 “while WHAVEARRE" XAEMULE, 1 IBAUANRES AEM(E IS ) Al

HE, FTRERFEA KK, TERMFEE S IEET, 007 X—HRpama g, Do
Kb —ocisam—7r, Wl UH— s B, B, x+y 1 x SR,
T =T 2 I AR, BRI Zotis BT,

XL EEA], IR ERIAN, RIALEET IR R RS

AT A B 7 N E SOF IR E — &0

import FRRRYIS;

FATHKE —T import AHIHMN, import A HIHYHIR XN AT 5 J& inport _
stmts, A~ import HHIHLZE import stmt. import MHFEINIANAALTE . 6.2 FiR.
RD;E% 6.2 import BEBAEIFIR ( parser/Parser.jj )

import stmts(): {}

{
}

(import stmt () ) *

KRA;EER 6.3 import BB ( parser/Parser.jj )

import stmt(): {}

{
}

<IMPORT> name () ("." name())* ";"

import stmts f& 0 MEZ import stmt [UFFK, import stmt ML import .
name () . 0 PEEA 8 (7. ") flname () M9F1FR, LUISIRGES (75 ) HEFIM S, AEL0m4F
‘5 name ZJFIASAH L, FTURN O —EEE —T.
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R7L;EL 6.4 name BIFIM ( parser/Parser.jj )

name () : {}

{
}

<IDENTIFIER>

bR, A4S name Ml <IDENTIFTER> SRR, BESRIXAE, R4 KMl 4 A
name [WAEZFTSUHFEAE Lo A, B Eiadiism BBt S e A 401 .
FAIMF] import _stmt., BESR name fl <IDENTIFIER> Afl[d], P4 import stmt AYHL
UUPRAR T B B R SR Y
<IMPORT> <IDENTIFIER> ("." <IDENTIFIER>)* ";"

HARRUL, SR8 T A HES

import stdio;
import sys.types;

KE B T

m’ ZEEMNRIEE
TERRATEI R 38, KB —F e LiEE . FnE RS & top_defs. top defs
RIS T 5 6.5 s o

REGiEH 6.5 top_defs BN ( parser/Parser.jj )

top defs(): {}

{

( LOOKAHEAD (storage () typeref () <IDENTIFIER> " (")
defun ()

| LOOKAHEAD (3)
defvars ()

| defconst ()

| defstruct ()

| defunion /()

| typedef ()

) *

IF—FFAEELT, R, FA156H LoOKAHEAD £HkE —T.

( defun()
defvars ()

defconst ()
defstruct ()
defunion ()
typedef ()
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AL top defs &H 018 Z 4 defun ( PREUE X, define function) o defvars
(AF5E X, define variable ) B defconst (& E X, define constant ) 5f defstruct (45
{58 X, define struct ) 5f defunion (BEAIARE X, define union) ¥ typedef 4K, fims
Z, HREESESIZE L, HAEE 0 DA E L.

AR RN A E, AT ORI F — T LOOKAHEAD, 5 1 f> LOOKAHEAD /& i i
defun() 1, WHPIR,

LOOKAHEAD (storage () typeref () <IDENTIFIER> " (")
defun ()

X L) LOOKAHEAD FEZ N T IX5; defun (BREUE L) Fl defvars (ZBhE X ), MREGE
SCHVZ i SCE B S ARG S A 1R 0T X A0, RIS i3 — il 38 70 S i B i 41

% 2/~ LOOKAHEAD (3) th—Ff, &N T X4 defvars., defconst fldefstruct,
defunion MMl L. defvars fl defconst Ik B TARRZAL, XFREHEM PG
SERRFIIA R o DRI U 1 A token 2 JCT A F AR sl G AR 5 SCHATIX 431

PAIEARI BT, @an, € X struct point ZBAIAASE p LA R TR,

struct point p;

H—J7, struct point ZEMIIRAYE LU AR

struct point {
int x;
int y;

FRIER T, ZEARTITIAR) 2 4 token ( struct Ml point ) BIBTEL, EICEEIX HIEE L)
J& struct point REIFYAEFEIAE struct point BARIHEHA, HATEAH T 3 4> token i,
RIEF| struct point pa{ struct point { W, ABEEIX/FXME ., LOOKAHEAD (3)
) 437 R RN AR R,

[ =Emxmia:
RN IR — FASREE SR, 8B BEE XI5 2 defvars. AShbE XK
XAV, BT T 240U detvars. defvars KRN AL 6.6 FF/%.

R#LiER 6.6 defvars BIFLN ( parser/Parser.jj )

defvars(): {}

{

storage () type() name() ["=" expr()]
(n,n name() [||=|| expr()])* ||’.||
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storage () : {}

{
}

[<STATIC>]

B, storage () EALIAMKH static., ZJA/E type () (Z®EHKEA ) Flname () (2
4 ). FATELHIE name () 7E1G7 LA <IDENTIFIER> 251,

BRI IE IS IA LA (= expr () 1. CHEFHALLEN var = {1,2,3}”
RS R R E S 5 A, B Ch "PORSZREX RIS 1, WILRARES il F A A R — i)

‘%' EREE X BNE]
THEIRATREE— F RECE LAYiE: . 2R REUE X5 & defun, defun BIFNIAN
RASHE B 6.7 BT .

REDFEE 6.7 defun BIFLN ( parser/Parser.jj )

defun(): {}

{
}

storage () typeref () name() " (" params() ")" block()

storage () MRAIA—FEELIAIEN static, BHEEN typeref () fEIEEZIN FAI
type () JEMHFEIA . J5HERENREFREEAE nane () . HAFESHEEERR parans () (EZ
), VM block () ( PRELALE ).

& — T params () #lblock () BHN], YoM params () FHild (FLEHER 6.8 ),
RAELFEE 6.8 params BN ( parser/Parser.jj )

params () : {}
{
LOOKAHEAD (<VOID> ")") <VOID> // #&Il1
| fixedparams() ["," "..."] // &I 2

Cb ) params () (JEZ7HH) AU 3 .

1. 548 ( X5 FEA void, A getc 2 )

2. EKZH (SHN M HREEEHN, W puts 5 fgets %)

3. UTKSH ( BHO M AHTE, W printf %)

params () AL | METTRRIESEEIEN . 1/ LOOKAHEAD &8 T HEBRIR [BIE A
void FER R EFRET 45
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params () AUAYES 2 METUEE KR SEE ARS8, IrdoRiifEk R . fixedparams ()
EERSENEY], AR SEIEN NN L o, o

M E— R, CH1 Ch #LAIA 1 D 1 DML EMIES G A LR AR S Wi,
£(.. ) XHEMFBEIEARRR . YUOEA D 1 AEESE, B £ (int x, ...). XA
AR RTET CHEF (Ch) SRl Al K BB HT— DS R AR F AR S800

HERBE—T fixedparams () RN, EEICHDIEE 6.9,
R7EEHE 6.9 fixedparams BIFIN ( parser/Parser.jj )

fixedparams () : {}
{
param() (LOOKAHEAD(2) "," param())*
1
param(): {}

{
}

type () name ()

fixedparams () &M ", " B HIMZ D param (), param() H type () (ZER)
name () (JEZ4 ) {3, /il | LOOKAHEAD (2) J& K T il es ik ) MM ARy v, v
no o BIEME, oo Flparams () APCES, XFEERREREIAI ML ES . T2, HUEN
TREGRAE A v, o AT v, param () o

B AR — T BRECE LIWANE block () ML (LA 6.10 ),
RKABFEE 6.10 block BN ( parser/Parser.jj )

block(): {}

{
}

"{" defvar_list() stmts() "}"

block () BEMAF (v filmin) FIE, Mldefvar list () (IREASREE XF)FE) IF
IR, BERIEMSIE (stmts () )

%' EHFENXFIEXSHENANEE

SER RN A R IR TR LA, T AR — kB — T SR i ik A0
defstruct () FECAMAE LIEEIN] defunion () WAL R 6.11 FiR.
RAGiEE 6.11  defstruct BN ( parser/Parser.jj )

defstruct () : {}

{
}

<STRUCT> name () member list() ";"
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defunion(): {}

{
}

<UNION> name () member list() ";"

ZERIAR . AR E L, BEE <STRUCT > 8 <UNION> (f#HF struct 5{ union),
2 name () (KHK ), ZIEEMRATIEER,

C 7 e ARG R AT DL SOx IR As &, Ch R b2 o3 1 o ansiae
TEE Xt Rm R AR, IS A8 AT Ph—i 0 LA FIR— 0 40 5 3R [ S5 AR ) R Bl sl A=
BOZAEAARREAL, ffHT a2 I AR A% S A%

FRAVFIAS 1 ()7 B BB — T i A TiX — S 2 C I F p B I h R R s IR 2 b o AU i
Brae R UaELAADT, 1M H 28 I i il & R ™ A AATTHE LA 52 4 RS R o

CEMIARE S SRR RA0IE;

LEFRAT I BN S5 1A E SCRYRN , FOREEFIR B SR D1 member_11ist MRLMIANMHS
B 6.12 FTR
RAGEE 6.12 member_list B9 ( parser/Parser.jj )

member list(): {}
{
Il{ll (slot () u,.ll)* Il}ll
}
slot (): {}

{
}

type () name ()

member list () j&H AT (n{m Flv}e) BREKD slot () Fl ;v B, slot ()
H type () (1% ) Flname () (514 ) HEFMAL,

member list () AIAEAEEMSE, (LIRNT L BERIBER 6.13, —HiAEK T EMMTS
FRIXF I R o
KEDEE 6.13  LHMETE L HILH)

struct point {
int x;
int vy;

CIEFH X T 1 AJI R LIHLE S0P E L2t , Ch A SRR S5k
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typedef iSRS

WEU—T typedef iHE X, F/n typedef IBAIMFT 558 typedef, HHBLN A
5 . 6.14 iR .
REDFE 6.14 typedef HIHMM ( parser/Parser.jj )

typedef () : {}

{
}

<TYPEDEF> typeref () <IDENTIFIER> ";"

XA I VA AT A 7 B fi 2 Ab TR, B <TYPEDEF> ([ typedef ). typeref
(ARPZEI ), ARIRAF <IDENTIFIER> (A4S ) LIS v  HEF

RRIEL

BRERMNCLZWHE T type Ml typeref XFHMFFS . FEARTEHE, LRITDEE—T
EALI

TR B SR JEARRERAINE o YRR, FRATHE TR E BN FRoR
B R T" . cbe HURRAI 2 PR A ZEBIS| F (typeref, type reference ). WA FrFAY
SER AR AR I E LA typedef,

type MCHARSCHUIN anfCA%IE 5 6.15 Pis .
RLEE 6.15 type BN ( parser/Parser.jj )

type () : {}
{

}

typeref ()

typeref (): {}

{

typeref base ()

( LOOKAHEAD (2) " [" "] /] RNEKEA
| "[" <INTEGER> "]" /] EEHA

| // ¥&%t

| "(" param_typerefs() ")" // EEIEE
)

*

type () MIEEM typeref () 82—k, [UNED: RS cype () MMEEE LT,
{BAEA: R A BB RERS B ) type O FUUAFTERY R L,

typeref () MHNZETE typeref base () JEMIEEEEELL [1 8355 * F/55
param_typerefs () FHIEFZ HIHEE| R EIIESIMN] (params () ) FIASE 4 EBR, X
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AT T .

Y ciE=f chEmaE Y RS

FA L, AREE XITERE CI S M Ch 2R B E 2 Ab . R EHA TS,
C i HHE X int ERIAPEAL x B ATR B

int x[5];

1M Cb HR H I Java B9 AU .
int [5] x;
XA IR, Ch PR JAEH 1 MF S type () (3 typeref () ) SRERIEHL,
I HAH . 8%, PRBEREIM RS —0 G Bidik, Wl T ——% 8 “ersEas 62k
B ES A" R T, Ik, “fgm  BRES S A B FRER” R B AR T
Cb FPAREMS AT B S W TR, SEnd it LR B M A2 B4 U B
int (char*, ...)*[]I[]~*
BN R AGXA TR TE C 15 A1 Cb Y& Ut —FE
int *x, y;
CIEBETHRXEEME XFR x /& int* 8B, 1 v /& int 288, 7€ Cb h, XEEAYE X
N x My #0E int* 288 WgEil, N TR, Cb R IZE T X RS kg T E)
int*  x, y; // ATERBEEmMRETREE
AT, CiES AR e AR XELIBER . 7E3X 05 1, 15 Ch X RRKE A FIAR 1 24 B 43
FF BARCE T ) F R i — 2

[ gAsmpgE;

BB LA PEE — FRIA HBLS ) typeref base MBI, %455 FRBREEH . 84S
ASEATY . AL AnFCAS I R 6.16 T
REGiEH 6.16 typeref_base HI#IMI ( parser/Parser.jj )

typeref base(): {}
{
<VOID>
| <CHAR>
| <SHORT>
| <INT>
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<LONG>

LOOKAHEAD (2) <UNSIGNED> <CHAR>

LOOKAHEAD (2) <UNSIGNED> <SHORT>

LOOKAHEAD (2) <UNSIGNED> <INT>

<UNSIGNED> <LONG>

<STRUCT> <IDENTIFIER>

<UNION> <IDENTIFIER>

LOOKAHEAD ({isType (getToken (1) .image) }) <IDENTIFIER>

Bt unsigned char flunsigned short FERENAH LI —2, R IX SER AR
SR LOOKAHEAD AT e #E e
TER T ORI R 30 T R L5 i) LOOKAHEAD WYL, X HLAY LOOKAHEAD #ifTi “{”
ALY FERORAY Java AAAS, GAR ] t rue WIMIMEREETHERRY) . W2 UL, 78 LT,
IR 1sType (getToken (1) . image) Rl true, RHLIEFRHRFRIIED,
getToken & JavaCC AL 7%, MIETS 2 IS EUR FIFTIAY token, Bl getToken (1)
2R I FTIAYEE 1 token,
isType /& cbe FIATE XM PREL, WA AMSERE cypedef HiE S i 4 3R ]
true, WHEUL, X1~ LOOKAHEAD HAG7E F—"ZAM <IDENTIFIER> J& typedef T
S T4 A 2 i)
Z T LA EiX > LOOKAHEAD, & NUIR RVFEER <IDENTIFIER> (FRIRFT) FER3E
R, sRAERRM™ERN S, Fln, 1EE RS- T XL,
return (int) (x + y);
EEREREAF AN x + v el int USR], (H R R EERTE R R E AREIWE?
return (t)(x + y);

FE LRSS, QR © AR, IBARMNIA—FE, # x + v RN ¢ JR)EIRM (A4
Het IFAESRIA, WA AT RE R R B A AR BOR T (& SR R PR B BT AR 1 ),

MR ACVFFTAT ) <IDENTIFIER> #ERIEAIL , R4 LRk kT b > pR Ei0)E
T o R TBIEXAER S L4, FTLAE S LOOKAHEAD #EATFR M. HILTE typedef HiE it
A PRI AL
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AT PGB R B R

EAEL

TEPRECE LR A — R B T RN TR SR IS stme s, ATERATHM stmes I
RV R — N stmts MIHAHCAFRN QiR 5 6.17 PR .
RALBER 6.17 stmts BN ( parser/Parser.jj )

stmts () : {}

{

(stmt ()) *

}

stmt () : {}

{
(

|
|
|
|
|
|
|
|
|
|
|
|
)

n.n
7

LOOKAHEAD (2) labeled stmt ()
expr() ";"
block ()

if stmt ()

while stmt ()
dowhile stmt ()
for_stmt ()
switch stmt ()
break stmt ()
continue_ stmt ()
goto_stmt ()
return_ stmt ()

stmts () J& 0 PNEZA stmt () KRS, 10 stmt () 52 B 13 DI R 14>
1R ;v FORES TR,
TR labeled_stmt () F/RH goto #3% (flll on_error: ) Wif4], labeled

stmt ()

T3k H) goto % MFRIRAT (< IDENTIFIER> ), H1pREE FH sl e A e ) 2 s ) o

A i HEL e ] LOOKAHEAD (2) , i#ifi A <IDENTIFIER> Fl ": v SRHIEAMEIN I TIX 4.
F—AEINFRTE expr () (FIR20) Jamn b v, v WE FiEm) . Flin sk E0E g T
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FikA, BAUH print £ AP FSFA TR A RAFAE R . ST I AY L2 X AP S L o
block () f&H " {" Hl v} EERATERSIE, HIFRZE].
KFMif stmt () ] return stmt () X#5r, MNAF LEEERH, if stmt () & if
4], while stmt () /& while ifi4], dowhile stmt () /& do~while 5],
THEADRE —F&EDER RN, POy Fi 2L, 3k B FTA RN ST I, Lk
BCEAREMER 1£ 154) . while iB4], for iGA)Ml break S I HINERIKE —T

%' if IBERANEE
IERANTARE T 1 i64], Fon i IBAINATS 1£_stmt () RNACERE R 6.18 s,
RAG;EE 6.18 if_stmt B9FM ( parser/Parser.jj )

if stmt(): {}

{
}

<IF> " (" expr() ")" stmt() [LOOKAHEAD (1) <ELSE> stmt ()]

i AR T 1E . S EEARAFIAI Cexpr () ), 4] (stmt () ) HBTMIAG. Z
JRERE T I else 5y, WE S TEHATAR, 0T P ik 25 & else AYIRIEE, X HLAG 22
LOOKAHEAD (1) .

S if IBEAES

BCAL AN, IRATRES AR, IN/ER Z N e Ak B U TGk AR i
A RIS 1

if (cond) {
/] FHEARKNER
}

else {

/] FHARNER
}

(H IR AR, WA SR AT DU AT Bk iE A, JRRTE T stot P& TR
(block ), LIRTEMIBEMUNIE 6.1 SKAEHATARAT o

—_—

o)

if (cond) {....} else

LT_J L_j__J L__r_J
expr  block block
L__r_J L__r_J
stmt stmt

if_stmt

B 6.1 #HF block #Y if 15 RIAIRERE
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W2, 75 CHEFYH, JHIE i£ AN then #50F1 else #5r il LI KEE S FlECK, W
AL RAR S, i 1£ A1) then #50Hl else # T HE 1 AMEA], xiBa) H S A T fg
S HRAG SRR . 280 C I HE AT B PR RAG S 1 £ iRm0 —ifsr, PRI
AT TR E A XE LA, HIX e C IR F HIERHLE . while IAIAI for iA) I AT
o [ REE P

BEfESE—T, Cb "FFI CIEF —HERT LIS AR 5o (HARIM P XHBENR 1f_stmt, Ki&
SN T,

if stmt(): {}

{

<IF> " (" expr() ")" "{" stmts() "}" [<ELSE> "{" stmts() "}"]

}

R BEURET R BB Z A IF AL, IR AN R A A5 else WYIRIEE, HERJEN 1 154)
ERAES, SRS R AIEW else BT 1 €0 ARARARBIA— T RIS, AT LUEIE
XL cbe FIAUIS (A LoOKAHEAD ), FlE M JavaCC #EATALIE . NiZA 2 B s

B2, EHIFAINDY CHlt i MR S HNLZIE A AT LI I, R BLE Cb M C il —
FEAT LA I KA 5

[ while iE@R9iE;

HHILIRAT — KR FE — T while tBEA M IEE. /R while iBEA AT 5 /& while
stmt () . while stmt () AR CRLE R 6.19 Fis .
REGiFEH 6.19 while_stmt BN ( parser/Parser.jj )

while stmt(): {}

{

<WHILE> " (" expr() ")" stmt()

}

while_stmt () HIfREF while, fESHEERMEILX (expr), 7] (stmt ) HFT
Ao IXANRRMIR 1% AT 2 ]

m”' for iI5GIH0IE;

WEHE—F for iMMHL, FR for IBRIMMT /2 for _stmt (). for_ stmt () KM
DU AA A 5 6.20 FT7m o
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RHG;EH 6.20 for_stmt BYFIN ( parser/Parser.jj )

for stmt(): {}

{
}

<FOR> " (" [expr()] ";" [expr()] ";" [expr()] ")" stmt()

for stmt () HEE T for Ik, ZJ52 3 DG5S 558 A 09 nl L4 mg iy £k X
(expr () ), FRXZEH ;v 43E, FJ5E for iIBRIMAMK (stmt () )s

ZAPEE RIS

IR ATR B LB E AN, RIR break 4] ) break _stmt () FFER
return HAM return_stmt () MFNANCHSIE L 6.21 P .
REGFER 6.21 BEFIBRIMNMN ( parser/Parser.jj )

break stmt(): {}
{
<BREAK> "; "
}
return stmt (): {}
{
LOOKAHEAD (2) <RETURN> ;" /] BECEHREENER
| <RETURN> expr() ";" /] BEHEEENER

break_stmt () RfEH, HALREF break fl ;"

53—, return_stmt () 53K eRECH IR MEFBCA R ITE RO, PRI A1
IO A R BHE A O T BRI, 25 AR A R YA A LT BRI, S5 4h, I
AR Z (8] 1Y <RETURN> f23L0 1), 8 TRERSIEWAf#AT, X M52 LOOKAHEAD (2) .
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() RARBIAH

AR EAPRBETREILX (expr () ) BN,

FikTCHYREIALEN

FERFRA ML ZAT, FATSeRUL— N FRBA NI

B Z/0E 0 L BE A AR X R . I 1 £ B4R while iBA)4ER)E TiEA)
(stmt () ) W—Ff, Wi LA R AR50 H B

AR AT I ARTEE, HafUIHUL, Fak=N a5 R 2R, R TRk
FIAE i AT AFAE R B R (precedence ).

BN ZJCa 54T + A1+ 2Z ) * BALegem, Brlh 1+2%3 Bz +
JPIE 1+(2%3), 4*2-3 MIBRIUTR (4%2) -3. DUREMREL, + & /\
FAE LR (CRRARTT ), T * WA T T2 (B 6.2), 1 x

— BRI, BOE BRIAR SR SUE AT, TR U S
o XHM 7 J&48, M compilation_unit () BRESTEA BT,
S PR B B R U v

Bm 2z, WA LA SC SR A s AT RO RN 4, #2880 ke fil i 2k XY
N

expr B9

FRFRMFTTIE expr () o expr () BIHLACESTE B 6.22 TR,
RALFE 6.22 expr() BN ( parser/Parser.jj )

2 3
B 6.2 FiAXMIEEN

expr(): {}
{
LOOKAHEAD (term() "=")
term() "=" expr()
| LOOKAHEAD (term() opassign op())
term() opassign op() expr()
| exprio()
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IXASKEEIN] Aol AR, FRATT0 HLAnF s 4 LOOKAHEAD 244,

term() "=" expr () // I 1
| term() opassign op() expr () // I 2
| exprio () // IEW 3

BeEF, eI 1R g E R A, W2 R EARBMAEN KL, EH3I W
exprl0 () 2 IWHMAERE XM AR T M REX, RXHTE expr FRMBFHAF 54
exprl () @J exprl0 () . FFH/N, BTtk =0 Je ol o

term () EFRMIE ICIE BTN ML, T MHEL AT, £ CHEF T, AW
ZE AT AR B FORAR T R RGR =, Pl—f “m” w] DM TR A A5

opassign op () FRGR “+=" “*=" XK ia AT RIR(EE BT A ROk s
¥ (EEMWEBEAT ).

F— N ZHIAYZEI, A] W 1 A 2 £ term () 2@, S4h, WAREFE T
exprl0 () MNE, Sl IAMEAREA term (), FrLAX 3 METAWN term () AL
W AT REMEIERAMRAT, BEAELETN | FIET 2 Z &R I LOOKAHEAD, 3 /et &K/
HA term(), Ffll LOOKAHEAD H7E term () MHER EHFZTEA 11 token,

THFRANIEE—T opassign op () N, opassign op () BFHNELEE Gz A
TFEES (RIS 6.23 ),

RGiE2 6.23 opassign_op BIFM ( parser/Parser.jj )

opassign op(): {}

{

N

>— R o0 . *

(
|
|
|
|n
|
|
|
|
|

)

RELDA A HUIU AT AL AT ME L PR 2 Ak

SR

FAORF—T expr1o () KU, SORFMHEHEAT (=JTiaBAT) rORm (AT 6.24 ).
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REG;EH 6.24 expr10 BFN ( parser/Parser.jj )

exprlo(): {}

{

expr9 () ["?" expr() ":" exprl0()]

}

L 5 exprN Y “N” -2 SO0 N 1), FUEB/MUEH G LR
TSl 10, FrLlE TRARMIILI e

FFRIBA A 3 ARIBA, SDHRIBL DB expr X BAMES . 0] R
“ HERZAE VR IE IO B A S T DL, (H 2D T R A M expr A R R
Ak “RAF expr1o [ EHHIFKM exprio HITLEIFTS ",

JavaCC 2345 1 MINEEA 1 A J7i, BV B REE LT 1745 expr1o AR, #t
SN expr10 ik, I RGN A ORI PR ZS . A0 SRR th 5 A L T
s B S TR 7k . WatEdl, B XS A expro () WG, SRR
H expro Jiik, GRS RRAmAS, WEBHN token,

AR expr1o BE XTI T expr1o MITESE AFEUR? X EEWLAE Y T 15 )7 1%
expr10 T T exprio A&, SEATREIAZ Y, FrifE exprio M ZAMAEE
HI expr1io HHHE L exprio k455,

[ =siagms
FERA TR THE— T TS BRI C R Ch 37 o i e F AL B0 R S

FANF 6.1 Fi7n, I F P R R IR N E
61 Z—miIEHEHFHMEER

RE%R EEH

9 I

8 &&

7 >, <. >=. <=, ==, I=
6 |

5 -

4 & (fzH )

3 >> <<

2 +. -

1 * /. %

F2 ] JavaCC RMHT A LS — STz BATIA E H M Sk, Ch i iz BATHY
A ANACAS R 6.25 Frz, ARWLEME B — e iy .
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REBEE 6.25

expr9(): {}

{
}

expr8 ()

expr8(): {}

{

expr7 ()
}
expr7(): {}
{

expr6 ()
}

expr6 () : {}

expr5 ()
}
expr5(): {}
{

expr4 ()
}

exprd (): {}

expr3 ()

expr3(): {}

expr2 ()

expr2(): {}

exprl ()

exprl(): {}

BRI

ZnizERAMHN ( parser/Parser.jj )

(nlln expr8())*

("&&" expr7())*

">" o expr6 ()

(||||| exprS())*

(n"n expr4())*

("&" expr3())=*

(">>" expr2()
| "<<" expr2()
) *

("+" exprl()
| n_mn exprl ()
)*
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BRNESE exprN () (B exprN()) * XFEIEX, I HAE exprN BRI ]
F TN exprN-1.

N T A AT 2SRRI LU B IR fg b k=, ERTRATHA + Fn+ ok E—T, 8
TE I T e A T a0 T X RIA

2 *3 +4 +5 *6 + 7 *8

— RV, AR T AR AR ORI R s, IR B * e+ RS
FrUASE A TiE 7 s AR St R B, RS I8 A+t PRSI, Fr L Se ik
03”0 “RERART FEFT “ordRasXEeiom”, X EIES — T + 2HINIA B %
ij_iito

(2 * 3) + (4) + (5 * 6) + (7 * 8)

TR + &I FB AR T * R BRLiEE, BRI T exprl (). H#
T

RIS AT ARSI, ARk —FEE o 302 A DL — e e g i ia S A 3o Rk =tk
1338, e A FRR A P AR S PR m s AT, e 6 iz 545 4r R KA,
W oI5 12 %A H exprs () A, MRS 4 M B/ HI#IA, W HIE &Rk
X expr3 () HAk,

WA EBNF SRk FaREN], g2 RATRIA W EIF — ez BRI
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AT A PR R (term ) RN

IREIHAN

FORTATSJE term, term FRLIANACHSTE B 6.26 s,
RGEE 6.26 term BN ( parser/Parser.jj )

term(): {}

{

LOOKAHEAD (" (" type()) " (" type() ")" term()
| unary()

ATAE, term () WTLUEMWAT cast (AR ) i2BFHY term (), ¥ unary ().

BB S A

BERNPEE —TF unary W, unary BFRHAHITEZHANINA Y. unary 1
FLnf CRE H 6.27 I o
RE3FE 6.27 unary BN ( parser/Parser.jj )

unary () : {}
{
"++" unary () /] BIE ++
| "--" unary() // BIE --
| "+ term() // —TC+
| "-v term() // —7JC-
| "i" term() // B
| "~" term() /] FABUR
| "*v term() // %518 ([EEESIA)
| "&" term() // HHBEERF
| LOOKAHEAD (3) <SIZEOF> "(" type() ")" // sizeof (ZK#)
| <SIZEOF> unary () // sizeof FKIAX
| postfix()

unary () Al term () Z[E RARMWH2ZR], IHERERIN cast, term () AILATSN cast,
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1M unary () WIAGE. XI7I0EAIEM T C it H BRI,

& B SRR

THEEFRATER — T postfix (J54) By#N,
REL7E#H 6.28 postfix LM ( parser/Parser.jj )
postfix(): {}

{

primary ()
(g /] JEE ++
| w__nmn // Eg--
| m[" expr() "1 // #4AS|IH
| "." name() // EAESEKEERIR ARSI A
| "->" name () // BTSSR S EL SR B R A0S
| "(m args() " // EEEA
) *
}
args(): {}
{
[ expr() ("," expr())* ]
}

postfix H 0 NEREAJFE I "+ FE—ILiaHIFA N

T FRL R R ) S R RSO T A T, — AR AR T RO I, AR 2 func
name (arg) XL, FTLMRATRE S K pREE YA /& <IDENTIFIER> " (" args ()
my v HEHSE BTE CIEF MeREUR A, SRR T LU AR B RA . IR R AR
aifyAs g |, I8 — M R, BRI iR Z AA AT LU i R AR I H pR AL

FERATEN

THARE—FEREMHN, primary B&/GMMS, FRER /N W55, primary
AR AnAR A I 5 6.29 FT7R .

RELEFE 6.29 primary BIFN ( parser/Parser.jj )

primary () : {}

{

<INTEGER>
<CHARACTER>
<STRING>
<IDENTIFIER>
"(" expr() ")"
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Al WL, primary H <INTEGER> ( % #{ ¥ Il if ). <CHARACTER> ( F4F F i &t ).
<STRING> ( FFHFME ). <IDENTIFIER> (ZS 51T ) 24,

L IRELI R I A B, RATEES — . R EIER expr (FRiXX) H
F55 BIER PN T primary. ZATEERIRIER] (stmt ) >FIAK (expr) =W (term) —
primary WINT Z HT5f h BE/N AT, (R e i R TR A AT DL ZE RIS, XA
A,

W —FTFhG, FRAPRAEATE BT A 17 o B AR R E R



MR B EH PR

7% JavaCC iy action FliRiEEH

E£8E HMRIEEMAIER

$95F IBEXSH (1) SIMR%HRE

£10E EXSH (2) FHEBEE

FNME PEftiBayiE




JavaCC /Y action #1
HEE )

RERAVEF IR A JavaCC ERHRIEEN
A973i%.
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Q JavaCC f action

ARG X JavaCC Az A G it Tl FH A “action” X — I REBEATHEI -

ASHEN

LT RATHGR T Ch MR RN (R TR N e 2 N BRI A GRS R Tk R T A A
PR BOAE R A% AR RN MR A s ek, IXRERUME B AR R EEMIEAT . FATTH B AR
SEARHTACRS A ARy, DRI 2R S 1 ) B R A SIS A BB A B ARG .

K TIRE| FIRHEE, wTLMEH JavaCC HiY action TIRE. & Bl action, 4 token J7%! Flifiik
FEIN VEFCIT R REAE P AT Y Java AR, AREHEXT action UM FI 234 7100 .

%' & ERY action

KB —A action BIHI T, FRATKE MR Cb BLEHIRET I 2T EHK1” N
e, FRATEAE F—s A s g AR E SO A FEat s in—2eb 3R, aRASiE R 7.1 B,
RELEE 71 action BIEEABIF (1)

void defstruct(): {}

{

<STRUCT> name () member list () ";"

{
}

System.out.println (" KT EME ) ;

REFEMFSHRZIEE B (7 ) BEES Java 105, AR ATEMNT 2IZATS R st ik
(FESZYAN TR

J35h, 8T JavaCC A= Uit , 5 ZAE MU AT SRAR LA L m AT 5 1T S _LIdfT
SBAEE, FTLABE N void KA,

%' 4T action BYAdEIS
P2 1, R TAF SRERR , action T LS EILATMTT . BORE MM 5S4 action




94 % 7% JavaCC 14 action A0 &5 A

AL, action LS HAT
A — PR 7.2 96T
REZFEER 7.2 fEER action BIFIF (2)

void defstruct(): {}

{

<STRUCT> name ()
{
}

member list ()
{
}
{

}

System.out.println (" ZI T EME! ) ;

System.out.println (" KM THRFIFER! ") ;

System.out.println (" KM THS! ") ;

AT 34> action, JHARELEATSH A HIE] ., TEHA TS B— T LA AEAT T i
HUFSRE S

<STRUCT> <IDENTIFIER> "{" <INT> <IDENTIFIER> ";" "}n n;w
AR AL T 2% B A R I

1. BT 0HFFS <STRUCT>

2. BRHTIFALIR TS name ()

3. HITE— action ( Br “KI T EMEK")

4. R IEA RS member list ()

5. #ITE M action (Bx "KM THAZIR!")

6. RITAIRTS v,

7. fTEEH) action ( B7r "KM T HS!")

T B R T AT M AT ST ROANFIM . JavaCC AR B AT A% 2 X0
token FEATHERTFIH, LRI JREHE action Z 5 1Y token, W5E4A 1] HEC Lol 4 #r e it
KT

B F AR, 7 action FATHT <X> 1 <> B GgHHEAR T .

LOOKAHEAD (2) { System.out.println("action executed"); } <X> <Y>

{BfRAT 85— ESSTEPAT action ZJ5 FiXT <X > Fl <Y> SEATREHT .
NifEE—F, “fEHTLomAT 5" 7E JavaCC HFR N H B LIRS (consume terminal ), FHHE
FEORATRES BA BRI S, 5 THf
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JR[ELE W (kY action

WACAF 5 8 A7 £S5 (0 R — SRR 55 & U (E. Bl anxd T4 45 5
<INTEGER>, EAFNEEE GRS UHE.

[FIRE, AEZumff o WA TE UEH, 2 T2 EERE UE, ARES AT LiAF,
cbe HURHM GBS B —IB A A AR LOmAT 5 A0 SUE . Bl U, IR FoR TR AR L
55, IBAE B A R RAFAE Fak U R (i s WS E R 25 iAe AR Zomfs
5, IR AR SUE TR AEA S5 R IR I ) AR

HBEAARLImAT S UE, TRl return 1AM action IR A1 X AH . action 3% [A]1F
SAE AT RASE B 7.3 FiR
KmBER 7.3 REIEX{EA action

String defstruct(): {}

{

<STRUCT> name () member list () ";"

{

return "struct";

}

AR AL mA TS defstruct () MG UHIZE N "struct", ISR 2 ZLIX 5,
1 AR EAERH T String

2. 7£ action PRI T return B4

HAAE action M return HAENSIR MIFT 5 HUTE SUME . SRR TABIF A H &,
AR S BRI R [

[ srEvezinrrSHiE A
JavaCC f) action AN AERS Ay S50 B SCIH, A HEAS MEL 200 B T 48 SLETAO T 5 P it
S AL AR, SRRSO 7 B 5 H03 SR
B, SRR O A B T AT 7.4 TR
REFR 74 NERFSRFIENE

String name () :

{

}
{

}

Token tok;

tok=<IDENTIFIER> { return tok.image; }



96 | #7% JavaCC i action FIH&RIBER

TEES 1 X RAE S A B T XA FU A AT A (Java /) GBS A8 5 tok. ZEULAEFHELA AT LA
MR ERCE AR R, I AT LLA M gaS TRk, A a] B aih bk Bf
WAt PG — NS “{} 7,

RGNS RGN E 4 = < L5 4 >, PR LTS M U S 2 AF
“=7 PAET LU Besak, (HEIERILN A E 2T RO, A SIS A

LTS I AH R Token KAYSLHI], Token 2l JavaCC A4, 78 b TH, #
Token XRMZ T IGAARE tok, FHIRM tok H image BIEMEAE N name () BYE LAH,

— I, ARZRAT S R AT UG X AR

4 N\
BN EMNER FLIRFSE SHIER
{
I B 2 = i = BF
}
{
FMNFN action
}
N J

“SRENERT WO R 3B 45 AR 2w AT S S B H cbe P— A EHI%Z
B, HARR G PR P A SRS DO A B A, PIHAR A3 R i X i 70 AU

H ' Token EEHE
Token 25+ E XY@ (field ) WIEE 7.1 FioRn.
%71 Token EHEM

e BlEA ax

int kind RRAmFSKENER

int beginLine token B58 1 NERFIENTTS

int beginColumn token % 1 DN ERFAEMNSIS

int endLine token WEREHNF HRAENITS

int endColumn token B /5 B F R ER7E HO%1 S

String image token HIF |

Token next T— token ( SPECIAL_TOKEN Bx%h )
Token specialToken T — SPECIAL_TOKEN

LFiRFEd, image BFEHE HWE M. B print £ XA B STAS BF X 19 28 3 45 5
<IDENTIFIER> ) image JBYEREFAH "printfr, B4h, 14 "Hello, World! \n" X
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BESCA BTX R 0400455 <STRING [, E1Y image JEHERLLTFAFH v\ vHello,
World! \n\"",
AR 7.1 248 image JRMEMITER.

TRRED printf("Hello, World!\n")

Eak i
OICUNCZTI < DENTIFIER> (' <STRING> oy
image 'printf' " "'Hello, World!\n\" )

& 7.1 Token ZHj image EB1%E
KT Token Ay HAbJE PEFR AT R B ML T fiF— T
B, kind JBIEPRTER LRI token B9 “ZBI” JUHE, %% B E LAEH JavaCC
HalitE ) ParserConstants # M H, & XA SRR 2 47 I 20 token 44 .

( MR URFFSIRBL Token IR ) ;

ParserConstants.tokenImage [token.kind]

Token token
String name

beginLine, beginColumn. endLine. endColumn iX 4 EMEFIR token 7EIFHS SC
PRI . A5 M ERN 1 H 1R

)5, next JEVERM specialToken J&E M &iETE token M4l . FIH#HEH TOKEN 457
I token £ HAE next JEMEH, fEH SPECIAL TOKEN 4% token f7i{fF specialToken
@t XANBE MR A SCE E S 5 P, IiHS %K 7.2,

int /* comment */
main(int argc, char **argv) {
IR &8

ek

<SPACES>
N

specialToken

Token X R KL

next

<BLOCK_COMMENT>
/¥ comment */"

specialToken - next

<SPACES> ( <SPACES> )

specialToken specialToken
<INT> <IDENTIFIER> (" <INT> <IDENTIFIER>
"nt" "main” " nt" "argc”
next next next next next

& 7.2 Token 2 next B14F0 specialToken E1E
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i SPECIAL_TOKEN $4ifi 13 2 #Y token 23 9 £7 ik | 2 J5 F] TOKEN 4 4 3] (1) token
specialToken @M. VA 7.2 Jf], B KL B2 FIAF T X R token LAEE R TE
®HET] T —/~ <IDENTIFIER>token (main ) [ specialToken &I,

JIT A ik LS MEAE cbe RS B . 7R SRR B BoR AT St 22 3 beginLine
ZEJE M, EMRTE - -dump- tokens BETA: Y token [T A IIHERT & F kind J@ T . next &Y
Fl specialToken JE M,

AN E RIS S S BN A

TEFRATTEI R TR 158, B VRRIRAT 5 1iE AN Tk . NIARMTE & F T B LT
SIIE UE (Token X4 ) MBI+, XUGEIRA KA — FEBUSAELumF 5 1iE SE R+ .

BRI 20, TR 5 0 R AR s 5, SRR AR AR AR . XOTE
TAF T I U R Token X4, MEHEZ AT 1 A AR NARME A5 A S A/ [W ] o WA
FA12= 20 T action iR FHE SUER 7, T HIECER — N IEL AT 5 1R M SUERTE I

ZE— ARG, ST BISMIRIG R “RILT MR x x x x 17 (x x x x MLk
45 ) AT s .

void defstruct () :

{

String str;
1
{

<STRUCT> str=name () member list() ";"

{
}

System.out.println (" £ T EEAEK "+str+" ") ;

}

String name () :

{

Token tok;

}
{

tok=<IDENTIFIER>

{
}

return tok.image;

7E LRSS, str=name () FIELEFTS name () B SAEIRE IR AR str, A%
Fro—r, HES “RE L = LT, MR HIBERZ ST 5 118 UH.

{EIEUNZ T I, ARLsm AT 5 AT SCIE B9 2 BRI AT 5 O A [R) M2 AN AR R], - DR ik 2 )
WYRAR AR PR SRATS name () BUTE UHAVZRILE String, FrRIAWIFEA T
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String LRI str.
TR S R Ao A5 S5 8] T O o 20 R RRa M1 SR, I BE BRI [l 1) 1 L
EIRZA IR AR 5 . X FE R BT R AR (A AR £ 7

é% 1B

BN IEFRATH LAY action ARJE HaaH TIHE . XRFBANTEE — 1 EELFREH]F . cbe H
defstruct () Y action W CBIEEA 7.5 FiRN .
REGiFEH 7.5 defstruct AYFRM

StructNode defstruct () :

{

Token t;
String n;
List<Slot> membs;

t=<STRUCT> n=name () membs=member list() ";"

{
}

return new StructNode (location(t), new StructTypeRef (n), n, membs);

ANAIA )5 A HOF B ORI, EERARZ A LT 3 4b.

1. defstruct BNBEXENEET AT StructNode

2 FATEZHSHNEXE

3. M action 1R[El StructNode X R{EAIEXE

MR BB StructNode FKRFHE ATTE Lo

KT structNode MG RS N SEINE SC, FEEFRATTIMR, X BB Bk 7
HENRFNG X REB N action 5EAENE A2 B R AT L T .

#%4%F0 action

BTN ERF — T action MMETIE. RN RAFAEREIURT, 25 H] action,
SLREAE 25 DL TS AN action. 57 T I BIl1

void choice() :

{

}
{

Token x, Vy;

X=<X>
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{
System.out.println ("X found. image=" + x.image) ;

}

| y=<¥Y>

{
System.out.println("Y found. image=" + y.image);

A XA, FERMZNTT <X> HEN TS E/REHE X found. ..., KIMAufT
F<Ys ML P A BRTEE Y found. ... WEEEME, GXHERIETH A M, X
action ZH A — P9I T,

NS AR BT AT eI ) B 5 PR AT Y action,  FTLUR T 1T REAS KI5 2 ok

void choice2() :

{

}
{

Token x, y;

(x=<X> | y=<Y¥>)

{
if (x != null) {
System.out.println ("X found. image=" + x.image) ;

}
else {

System.out.println("Y found. image=" + y.image) ;
}

1
IRES N AR B AR G x Ry Z A SR, A BRI AT
Pt A BERE HUR AT 51018 UH, LA choice2 A, K <X> M8 E x ST Token X4,
vy AR null, [FIFERBL <v> BHAR R v 28T Token X4, x50 null,
JavaCC I Java —FF, 25 FAFFAHAT IR IR R LR, I LARNAE 2R 5k . il choice ()
AR AT DU B XA A g e =X

void choice() :
{ Token x, y; }

{
x=<X> { System.out.println("X found. image=" + x.image); }
| y=<¥> { System.out.println("Y found. image=" + y.image); }

cbe H FUATERUIAR ] SR W00 T A 2R IR ik

%’ &% action
SR F AL A T 5 BUIA action FFEIENE. T5F FIIOHIT .
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void iteration() :

{

}
{

Token x, yi

(x=<X> y=<Y¥>

{
}

System.out.println("x=" + x.image + "; y=" + y.image) ;

) *

TE X action HEEE M55 H . WERRMEXENSE, B9 KRLmT5 <x> fl
<Y> MFINT, action FEEHAT, FEE/R x=...; v=.. . XFEMEE ., B2 ExBEIFAE R
EREZJFHAT 11K action, 12K ERE A SHAT action,

18 x=<X> XFERIHUE ERTEILT , 2RI AY token B, 224518 UK A8 & %,
PATIF W N PR .

1. ZBBME 1D <x>, BHIEXERS x
2. KIE 1D <Y>, BHIBXERS v
3. % 1 R#f7 action

4. RIE 2D <xX>, FHIEXERS x
5. 5UE 21N <Y>, BHIBNERS y
6. 58 2 X117 action

7. KDE 3N <X>, BHEIBNERS x
8. AME 3N <v>, BHIBNHEBS v
9. % 3 RX#f7 action

action U THYTELANE 7.3 s,

J

47 action 47 action 47 action
e e By
x=x1; y=y1 X=X2; y=y2 x=x3; y=y3

& 7.3 EE# action (1)
IIRFAE R EEAEE G PUT 1 IR action, ] LUE T EIXEER: action B ERE S 24,

void iteration2 () :

{
}

Token x, Vy;
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(x=<X> y=<Y¥>)*

{
}

System.out.println("x=" + x.image + "; y=" + y.image);

ﬁiFHJ:L%M“JEEﬁ’ﬁﬁ 6 PMIRATFINTA] <X><Y¥><X><Y><X><Y>, {ERMT 3 IRELE K
<X><Y¥> JaHIAT 1 K action, BEEFIY x Fly J255 3 IKIK <X > Fll < ¥ > 14, PRGOS HH 25 3 Wk
M <X> %ﬂ <Y> 1) image WIME, WE 7.4 s,

token fﬁ[

%im action
!J N
x=x3; y=y3

& 7.4 EE70 action (2)

[ #w s

AR JavaCC #Y action DAL SUIEHEST TUEH . action FITE SCIELAAHICIN A5 AT LG ZE 4
FILs

® {FFH action REBIREM AT S / FLIHEFSHBENE, FEBLIFLIHEFSHFIEXE

o LRI SHNE X AN Token K89 F, M Token ZEHIE 4 o o] IENAS token E’]q—ﬁg& L7
BXHPHNBEEER

o FFRIHFFSHIEXEBURT action, BISFEHIN HIFFLARNNTE X EHIKE!, FFM action 1R[]
B, DU BEEXNE

o YMITEFNh 5 action Z 48T, action A =M IT, EEHSBHKREESH action, B
ATEZFS B 2IWEAIEG action A SHHMAT

o A& AT action, REBHRE LB LIRFEHIEIN A #1789 action

o PAEFEHEER action, REBHEEERXEENESHHITH action
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ARG Ch IS IE LR BN 2

Node 8¢

— AR AR 4 TR (node ) IVEHEASZENL. 1 7.5 s 4 H IR
LAY SRR TR . FR LR RS

e X TRy
B 75 HRIEEMIT
cbe KK H Node 2500 FIERFR PRI A, d8KH Node HI2RAEH £, HJE Node
R FIERBARZ R AUCISE . 7.6 P, X g R4k
REEE 7.6 Node LEEHIME R E IR

Node
AST HHRIBERHIR
ExprNode RRFIENHN TR
AbstractAssignNode M1
AssignNode ERER (=
OpAssignNode EMERER (+=. -= )
AddressNode HoltFRIA (ex )
BinaryOpNode ZriEERIER (x+y. x-y. )
LogicalAndNode &&
LogicalOrNode |
CastNode ESitl=gd
CondExprNode ZHIEERILN (a?b:c)
FuncallNode RECARAFRIAR
LHSNode ’ﬁﬁﬂzﬁiﬁ\]ﬂﬁﬁﬁé’atﬁé’ﬂﬁﬁ
ArefNode FAFRIK (
DereferenceNode e FRIL ( *ptr
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| %72 JavaCC 4 action FIHl IG5

MemberNode
PtrMemberNode
VariableNode
LiteralNode
IntegerLiteralNode
StringLiteralNode
SizeofExprNode
SizeofTypeNode
UnaryOpNode
UnaryArithmeticOpNode
PrefixOpNode
Suf fixOpNode
Slot
StmtNode
BlockNode
BreakNode
CaseNode
ContinueNode
DoWhileNode
ExprStmtNode
ForNode
GotoNode
IfNode
LabelNode
ReturnNode
SwitchNode
WhileNode
TypeDefinition
CompositeTypeDefinition
StructNode
UnionNode
TypedefNode
TypeNode

AMRFER (s.memb )
MRFIER (ptr->memb )
FHE

BHTHE

FHEFTHE
THERIAXH sizeof HNFTIA
TTEXAN sizeof HWFRIAR
—TIEERER (+x. -x.
BIEHN ++ A0 --
BIEH ++ F0 --
JSEH ++ F --
FREMEL RN =
RTRBOUNT A
BER({...})
break 154

case fr%&

continue 1&4]

do ~ while &4
BRI AOE A HRIAR
for 154]

goto i&4]

if 154

goto fR%E

return 154

switch B4

while 18]
KHEX
MRS B S RHIE X
CEARHIE X
BERNEX
typedef 7 Hf
FREEENT S

Cb LB Tl CIEFIIRIE, BT siiRdAE W £, E R BIX A 2l e/
T, HEG, AERRATEF N A TR, BHRE . HREE SN YK Node /Y
FRAPEPULAN EERSEITIH . BRI Z ISR 1 BT U

LA EE IR 7.2 iR

x72 KREEHTRE

e 1EM

AST FRMEIB AN IR T
StmtNode FRIBANT SRR
ExprNode RRFIEANTRHOESE
TypeDefinition EX KB g E

AST B ZIEERIIM (root, WIHYE LJZ) 154,
BAIAFRIA B H stmtNode Ml ExprNode Tk F R, stmt Ml expr FEEEHLN
TOREMRY . I stmeNode BF2RHE XA 1 £ iIBRAIXN Y IfNode, ExprNode 72
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HhoE A 5 Otz AR IR AN 1Y BinaryOpNode,

FNZEA) 52 AR 5 TypeDefinition BFIEREI/R, TypeDefinition HF3E
e U FREEFIRE L) structNode . FREAE X UnionNode LK FERIR typedef
B/ TypedefNode.

m' Node Z£RIENX
Node MU LA L, T A BLARAT DR A — T i (RIS H 7.7 ),
REGiFEH 7.7 Node % (ast/Node.java )

package net.loveruby.cflat.ast;
import java.io.PrintStream;

abstract public class Node implements Dumpable {
public Node () {

}

abstract public Location location() ;

public void dump () {
dump (System.out) ;

}

public void dump (PrintStream s) {
dump (new Dumper(s)) ;

}

public void dump (Dumper d) {
d.printClass(this, location()) ;
_dump (d) ;

}

abstract protected void _dump (Dumper d) ;

Node FIFAXIRIFEE RITET:, Al LR EYE. UGS TRERA P B Node 26
T, RIKEX BEAH—T,

Node#location J&i [BI BT & Fr X 7 9 15 L AEACRS rh B9 62 & 0 7 ik e — Bk U,
RACH T AFFE R R 05, S PR A &8 B 0918 /) 38038 538 =0T 78 19 ST F AT B s Ok,
Node#location HiEELEH X (5 B LA Location Xf 4 AR A],

[ msimsmnEs
55— 7T, Node %1y dump Jrikl_dump Jrik @bl TG R IR M GIEEM 1 )71
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P dump F57E AT AL R IE IR cbe BIMRTEIER .

<<AST>> (misc/zero.cb:1)
variables:

functions:
<<DefinedFunction>> (misc/zero.cb:1)
name: "main"
isPrivate: false
params:
parameters:
<<Parameter>> (misc/zero.cb:2)
name: "argc"
typeNode: int
<<Parameter>> (misc/zero.cb:2)
name: "argv"
typeNode: char**
body:
<<BlockNode>> (misc/zero.cb:3)
variables:
stmts:
<<ReturnNode>> (misc/zero.cb:4)
expr:
<<IntegerLiteralNode>> (misc/zero.cb:4)
typeNode: int
value: 0

1E cbe A IR E - -dump-ast EWEEA] LUFEHTICAS, A il gimimy, it dump
kIR, LIHELEIIT cbe --dump-ast misc/zero.cb A a4 H .
misc/zero.cb {UEIR ] 0 FE45datTRIFERE, WF s,
RELEE 7.8 misc/zero.ch

int
main (int argc, char **argv)

{
}

return 0;

Xf T RS FIRIA dump T, AR SRR IR Rt AR 1 2 RS B
LT,

<<AST>> fll <<DefinedFunctionss> Fe/n T . AMATE/RE (misc/zero.
cb:1) ST XN I IEEFC I S 2 I TS5 . (misc/zero.cb:1) FRf Hmisc/
zero.cb MSCAFIEE 1 17,

TAN, AR LT SRR — TS . X R EEA IR 7.6 IR, TE KR A R
h—T.
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<<AST>>
variables functions

List <<DefinedFunction>>
name:"main"
isPrivate:false
params  body
<<BlockNode>>
variables stmts
List

(I W
<<Parameter>>
<<ReturnNode>>
expr

name:a&gv
typeNode:char**
<<IntegerLiteralNode>>

typeNode:int
value:0

7.6 misc/zero.cb BT R AU SR IE IR
RFZJEWH 2 A dump SR FRRIE LR,

[ 2F B asnRatbT

T TN, BRATAE RE — F RN x+y FEEMN Itz 11 i ——BinaryOpNode
KRS, BinaryopNode ZEIHARACAS A RIS TE B 7.9 iR
R#EE 7.9 BinaryOpNode 2 ( ast/BinaryOpNode.java )

<<Parameter>>

name:argc.
typeNode:int

package net.loveruby.cflat.ast;
import net.loveruby.cflat.type.Type;

public class BinaryOpNode extends ExprNode {
protected String operator;
protected ExprNode left, right;
protected Type type;

public BinaryOpNode (ExprNode left, String op, ExprNode right)
super () ;
this.operator = op;
this.left = left;
this.right = right;

}

public BinaryOpNode (Type t, ExprNode left, String op, ExprNode right)
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super () ;
this.operator = op;
this.left = left;
this.right = right;
this.type = t;

public String operator() ({
return operator;

public Type type() {
return (type != null) ? type : left.type();

public void setType (Type type)
if (this.type != null)
throw new Error ("BinaryOp#setType called twice");
this.type = type;

public ExprNode left () {
return left;

public void setLeft (ExprNode left)
this.left = left;

public ExprNode right () {
return right;

public void setRight (ExprNode right) {
this.right = right;

public Location location() {
return left.location() ;

protected void _dump (Dumper d) {
d.printMember ("operator", operator) ;
d.printMember ("left", left);
d.printMember ("right", right) ;

public <S,E> E accept (ASTVisitor<S,E> visitor)
return visitor.visit (this) ;
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BinaryOpNode K& L TIRZ Ik, (BT ZIAEMI AR, Yl H22 1Y 2 S i
ZIREM I ZERIARCI R . BinaryOpNode EM9JETE R operator. left fll right iX 3
A~ Bl BinaryOpNode R x+y XA, left BRI x, right JEMEXS R
y, operator JEMEXTA +.

)i, HALR R B il — T . type IEFRZFIAAIEMAN LR, location
LR IR R T AL E M Location X%, H4b, e X dump Hik, #UTLIH - -dump-
ast PEHUORSN 1271 SUH dump,

X RERE Y 5 2 AR B BENS RN FE P A A A
%;
s » JJTree

chc FEBTHRS 7 A action A9 R KRAERMBZEN, BEELTUERE KL JJTree )
T RRFEE sk action AT =K,

XTFRE[FA JTree EBERTRA, RARARER JITree R S AREFESAT
XFEITTIE BB, BT SR RREESA T, Dl ItNode A, BRIl EHRIAN.
then A HIEBM . else BB HX 3 MU LN REMTE 1 NEAP,

FAERE JJTree HAEF, SN PEMNEBERSEDHNRE, XHEHIETHRERR
BHERIBRT o WTXREZEEER. RN, ATHE IfNode HEHRIER, FERS
(ExprNode)node.jjGetChild (0) XN, BEERBEREX LM, FTERAEFIEEMA
B, thREXGRS A E R KB ( downcast )

BUEZATREEXTUWTNRNEBNILNEE, BERXXRERAEMEX—F T, 1L
WFSHEBTARNER, FBAEFA JJTree 7o

public class IfNode extends StmtNode {
public ExprNode cond() {

return (ExprNode)jjtGetChild(0) ;

}

public StmtNode thenStmt () {
return (StmtNode)jjtGetChild (1) ;

}

public StmtNode elseStmt () {
return (StmtNode)jjtGetChild(2) ;

MRFEEX JITree B, FEREF LREIANIE, hTURER—T JJTree,
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REHAIGES 6 EPRITAIEEMNUFIIN
Java (RESSRERHHSIEIEN o
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AT, FRATTRE S PR AR T R0 SO rh s A s G854 1Y action, 55 6 FEH A
compilation_unit () FF4G A LI FHEXTFREHNBEST T i, ARTENIAAAER, FRATEMN
primary FFA A Rl LIRS action, —Bkidi, JavaCC JEARHE M st (14 AU D) 32 1] Py (ke g 2
PG E, FTLL A R Ik A

AT BRATRE R RIAX (expr ) MIIMGETER B4 A

47 FHEEHRIEEN
W action J5 1 primary AR A0/ CHSE L 8.1 TR .
REBE8 8.1 FEEHHMM ( parser/Parser.jj )

ExprNode primary () :

{

Token t;
ExprNode n;

t=<INTEGER>

{
}

| t=<CHARACTER>

{

return integerNode (location(t), t.image);

return new IntegerLiteralNode (location(t),
IntegerTypeRef.charRef (),
characterCode (t.image)) ;

}

| t=<STRING>
{
return new StringLiteralNode (location (t),
new PointerTypeRef (IntegerTypeRef.charRef ()),
stringValue (t.image)) ;

}

| t=<IDENTIFIER>

{
}

| m(" pn=expr() ")"

return new VariableNode (location(t), t.image);
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return n;

LTS primary BEUH . FAF. FARNT IR 2R USSR E R IA
PR o X B IEIUAE BRI A S 5. XA (455 <INTEGER>) Fll
FRFME (f7%9 <CHARACTER> ) 42 IntegerLiteralNode ¥4, XM FAHFHE (£F
5 <STRING>) /EJil StringLiteralNode ¥4, WZ5H (5 <IDENTIFIER>) 2EA{
VariableNode X%,

1E primary HUUAY action H Ul Y Parser FEM LT i .

Location location(Token t)

A B & 7 token t 4% & 49 Location *T % .

IntegerLiteralNode integerNode(Location loc, String image)

AT AR AL P 6 SUK image, JF A& % 69 A4 a%, IntegerLiteralNode
char characterCode(String image)

FBATAR AL P F A5 FEE 69 UK image, FFAEF A,

String stringValue(String image)

FEATR AL P F 45 % FE A9 image, FFAEIZFHAE .

J4h, IntegerTypeRef.charRef () flnew PointerTypeRef () ARJEH TR
TypeRef B, TypeRef & Chb P ERRISTZFRAYIE,

AT

XY cbe FPaMRZEH,
B, cbe AR F B Type KHYSLHIRFR . Type KMZRAMTHLTE . 8.2 Fiizi
REBFEL 8.2 Type XWEX

Type
ArrayType
FunctionType
IntegerType
NamedType
CompositeType
StructType
UnionType
UserType
PointerType
VoidType
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Type KM TR0 KR % H 194 FRIT ML EL, B0 ArrayType B4 6!,
IntegerType %/~ int Ml long XAEMEEEEAY, UserType F/nH typedef Ui LIZRAY,
cbe FEE T Type 282Z24h, M T RR BRI FREY TypeRef 35, TypeRef )2t
T35 5. 8.3 iR .
RAELELE 8.3 TypeRef EHIEKX

TypeRef
ArrayTypeRef
FunctionTypeRef
IntegerTypeRef
PointerTypeRef
StructTypeRef
UnionTypeRef
UserTypeRef
VoidTypeRef

TETEE ARG Type 2601 TypeRef 6. Type KFREMME X, TypeRef JFERHKM
AR, 2K UL, struct point { int x; int y; }; BRAAE X, struct point J&
LB FR o

I AEE TypeRef 2

cbe HZ BT LIAFEHS Type 26M1 TypeRref 28001, JEPUNAE Cb Hh, FEIERIE SLZ ATHn]
VA% S HIE) 7z R A0S . Wat2dd, Cb Pl RGeS I T s r9AAS

struct s var;

struct s {
int memb;

};

CitF R LIS X FER LAY, AR TG Y4 e Rams BB T C i & I,

W AV S XS, SRl —ml, IREA A R, et 2] var B9 X
Bf, struct s XANRMOLEHI T, (HZIAN)E AL BEA PG, P i ok AR
struct s XTI AY Type X4,

fif e 1 3R [l B 7 vk RO Wl

1. R struct s XPEBEMREFERFCEEMEEMN Type WR, HEIHEXLINE

RIEBIMER

2. ER M struct s XPEBEZIREUTREIR, ZEHEMA Type IR

TCWMRFN T, FRIAE Z S5 1 B I TR I S AL A NS B EH R T A% 5 3 )
cbe HHEH] 1758 ANk
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— ST SRS E AR

PLFATRIENEY:, RE—T—JuisB AN (term, unary. postfix) Flaction, A
action J5 [ —Jeiz B LN AN R PR 8.4 T/ o

REL;FE 8.4 term, unary, postfix BIFN ( parser/Parser.jj )

ExprNode term() :

TypeNode t;
ExprNode n;

LOOKAHEAD (" (" type())
" (" t=type() ")" n=term() { return new CastNode(t, n); }
| n=unary() { return n; }

ExprNode unary () :

{

ExprNode n;

TypeNode t;
1
{

"4+4+" n=unary () { return new PrefixOpNode ("++", n); }
| "--" n=unary() { return new PrefixOpNode ("--", n); }
| "+" n=term() { return new UnaryOpNode ("+", n); }
| "-" n=term() { return new UnaryOpNode ("-", n); }
| "I n=term() { return new UnaryOpNode ("!", n); }
| "~" n=term() { return new UnaryOpNode ("~", n); }
| "*" n=term() { return new DereferenceNode (n); }
| "&" n=term() { return new AddressNode (n); }
| LOOKAHEAD (3) <SIZEOF> " (" t=type() ")"

{
return new SizeofTypeNode (t, size t());
1
| <SIZEOF> n=unary ()
{
return new SizeofExprNode(n, size t());
1
| n=postfix() { return n; }
1

ExprNode postfix() :

{
ExprNode expr, idx;
String memb;
List<ExprNode> args;

expr=primary ()
("4t { expr = new SuffixOpNode ("++", expr); |}



"[" idx=expr() "I"
"." memb=name ()
"->" memb=name ()
" (" args=args() ")"

{
}

return expr;

8.1 FIAXNHHMEIE AN 115
{ expr = new SuffixOpNode ("--", expr); }
{ expr = new ArefNode (expr, idx); }
{ expr = new MemberNode (expr, memb); }
{ expr = new PtrMemberNode (expr, memb); }
{

expr = new FuncallNode (expr, args); }

— LR action A AT SR . A EIFIRIB RN 8.1 Fi7R .

*8.1 FTR—RLEBEBEMZE
TRIEZ FRAHIEE
UnaryOpNode —TIEE +, - 1. ~
PrefixOpNode BEH ++ 0 --
SuffixOpNode JGEH ++ 50 --
DereferenceNode 1655 (*ptr)
AddressNode HHHEERF (&var)
SizeofTypeNode KB sizeof IBH
SizeofExprNode HFRIAHK K sizeof BE
CastNode Btz
ArefNode #4ASIA (arylil)
MemberNode AESIA (stmemb)
PtrMemberNode BITIEEHFRIM A ( ptr->memb )
FuncallNode R0 A

postfix [ action 454 T HE M action, FTLAREHOMELIERE . 3 B % &l Fa 41D TRl ik
RIEHAT (->), KHRL, WHPR,

ExprNode postfix():

{

}
{

ExprNode expr;

expr=primary ()
( "->" memb=name ()

{
}

return expr;

{ expr = new PtrMemberNode (expr,

memb) ; } )*

FARBNFIR primary ZJ5 - > flname X 0 RS2, BMARUHE “var” “var-
>x” “var-s>x->node” “var-sx-snode-s>type” XEEAIFEIAIL,

AR, BEROEEL (- x x x 7 AT — W action, 7 Z A - A 2R
PtrMemberNode i E. BN, x->y->z XFEAFERITXI N AAHGEEER E dump A0F 7R

”
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<<PtrMemberNode>> (misc/postfix.cb:2)
expr:

<<PtrMemberNode>> (misc/postfix.cb:2)
expr:

<<VariableNode>> (misc/postfix.cb:2)
name: "x"
member :

l|y-l|
member :

ngn

B = s siEEN

EEH tis® ., —JotisB 1 action fl—

— LB IETIEL, HRREA A
EAHRIR (U5 8.5 ),

R7LEE 85 exprl WHMN ( parser/Parser.jj )
ExprNode exprl () :
{ ExprNode 1

, TP}
{
l=term() ( "*" r=term() { 1 = new BinaryOpNode (1, "*", r); }
| "/" r=term() { 1 = new BinaryOpNode (1, "/", r); }
| "s" r=term() { 1 = new BinaryOpNode(l, "%", r); }
) *
{
return 1;
1

LR x * v * zo xENEE 14 term,

K+ v I, $UT action, 4 i BinaryopNode FHIRA I AR 1, FH2)F,

SR A ik

Ht EPIRE I 2 5 1, 25, 4
MK x z I, B

4T action, il BinaryOpNode JFMR{EZ GRS 1, I 1 9{EE exprl BARKTE XAH.,
THZEx * y ;

* z BUIREAAY dump, IEXT ELE R S — AL PRAY S AR
<<BinaryOpNode>>

(misc/binaryop.cb:2)
operator: "*"
left:

<<BinaryOpNode>> (misc/binaryop.cb:2)
operator: "*"

left:

<<VariableNode>> (misc/binaryop.cb:2)
name: "x"
right:

<<VariableNode>> (misc/binaryop.cb:2)
name: "y"

right:

<<VariableNode>>

(misc/binaryop.cb:2)
name:

ngn

BELFICIE NI S action 22 A%, (UGS 8.6 /& expr2 AYALIN,

AL A
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exprl MHNESE A . HAthr) s BT —, X EMA Ul 1.
RADEE 8.6 expr2 WHN ( parser/Parser.jj )

ExprNode expr2() :
{ ExprNode 1, r; }
{
l=exprl() ( "+" r=exprl() ({
| "-" r=expri() {
) *

= new BinaryOpNode (1, "+", 1r); }

1
1 = new BinaryOpNode(l, "-", r); }

return 1;

m' FHFREXIHRIEER

XAk — e —Ieia AT, KB — N exprs (&&i8B4F) Flexpro (|| BFHAF),
P CHEF (Ch) ME— =Jtia 84T - &REK (a?b:c) M, exprs. expr9.
expr10 MRLIANACASTE 3 8.7 7N o
REGiEH 8.7 expr8. expr9. expri0 B9#M ( parser/Parser.jj )

ExprNode expr8() :
{ ExprNode 1, r; }

{

l=expr7() ("&&" r=expr7() { 1 = new LogicalAndNode (1, r); })*

{
}

return 1;

}

ExprNode expr9 () :
{ ExprNode 1, r; }

{

l=expr8() ("||" r=expr8() { 1 = new LogicalOrNode(l, r); })*

{
}

return 1;

}

ExprNode exprlO () :
{ ExprNode c, t, e; }
{
c=expr9 () ["?" t=expr() ":" e=exprlO()
{ return new CondExprNode(c, t, e); }]

{
}

return c;
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LogicalAndNode KR & i2%H., LogicalOrNode 2K2¥IR | | iz, CondExprNode
RIIRFKMHET

WX 3 A E— &G e s THRIZ5H . RATEEIFAIAH sa AT | | 2456145
Fa, B EXF PRk vt, s&. || Ml i iBAAER AT

BT CiET AR,

io ready() && read file(fp);

FRREXHALE io_ready () MR EMENE (JE 0 W BE ) WA 24T read_
file (fp). RURIFIIELESNEREMIM,

if (io_ready()) {
read file(fp);
1

TR ESAT ESIE A

KRB — FRERIA RN HH R 8.8,
RELFEH 8.8 expr WM ( parser/Parser.jj )

ExprNode expr () :

{

ExprNode 1lhs, rhs, expr;
String op;

LOOKAHEAD (term() "=")
lhs=term() "=" rhs=expr()

{
}

| LOOKAHEAD (term() opassign op())
lhs=term() op=opassign op () rhs=expr()

{
}
| expr=exprlO()

{
}

return new AssignNode (lhs, rhs);

return new OpAssignNode (lhs, op, rhs);

return expr;

}

String opassign op(): {}

{
("+=" { return "+"; }
| w-=v { return "-v; }

| Nk N { return n*n’. }
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return "/"

return "%"

return "&";
A

return " |"
return "°"
return "<<"; }
return "s>>"; }

>— R o°
e e e TN SNeN
e

BT expr i action 1 JH B 1 I 45 8 1hs M rhs 194 F . Hid LHS. RHS &
YRRRE IS P 2R M RTAR, WIER 2B LHS (Left-Hand-Side ), £7i1Fk>~ RHS
( Right-Hand-Side ). #ic X B RIFR

HR, BRI RN R Z B T AR B E AR 2 R, AR 22 SRR
BELFE S (associativity ) ANFEIT 4R,

1-2-3 XA FREA NN FFE S 2 (1-2) -3, R 1/2/3 WIE2 (1/2) /3. H
B i=3=13E (i=9) =1, & i=(§=1),

— ki, MR x op y OP z M XN (x OP y) OP z, NIFRIZHALF op WELSE (left
associative ), W XN x oP (y OP z), WFIZHSF op NALSE (right associative ), - Fll /
St I 1) T AT R LA A, A REB AT = BRA45 A1,

— R, 5-3-188 i=7=1 XFERTLIES K iz BAMEINAE 2 FEk. 51 FOUR
A MBCHE, I N RE + 5T

exprl() ("-" exprl())*
55 2 iR vk r R B AR 2 b R 0 ) (8 R D36 VA 1 i o

expr(): {}
{

term() "=" expr()

}

FL BT IR S i, TR R AR AR AR R, (B A AR I 2 R 2 S

Gt 1 e FE AL BRI S AL T IREE R T 2 A RO IR T Y, B DU AT R 22 245 B i
R ZE M FA BN T T Z (& 8.1 )o IS M ZEMIFFAAAR R AE BT s LU T, RV A 5
1A (] * ) Bl

I, BEARAS G, WA 8.2 Fizn, BURA MR FRIE AT B
LT TR, B O A 22 328 OT SRR U BT s LEBDT il . P EE AR T JavaCC Y+ A2,
o FHAALIN 3 U A i A2 A B2 B T A
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FiEX:1-2-3 ’

o TAL

Bl 8.1 EHESHEEMIFRIANX

i%iti:x:y:o 9
O @

E 82 AHAARKIZEFHRIER
BEMEPE—F, AFTEREARZE 85 S ARG 455 1 —Juis BAT. Bl Java 19 ==, N x==y
==z XAEARBAX ML IR, RXHEARF x 0P v 0P z WIzRATFAIEES (non-

associative ) iz84F, Java i == §i 2RS4 G0,
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B RIEERH

AL L€ 1) (stme) Fl while BB R Z, VHRIEAIRGRIGEEE A
él‘::}ﬁo
[ if imtmsiEEn

B, if iB4) (1f_stmt) AURLIIANFCRSE L 8.9 K,
REDFEE 8.9 if _stmt BN ( parser/Parser.jj )

IfNode if stmt () :

{

Token t;
ExprNode cond;
StmtNode thenBody, elseBody = null;

t=<IF> " (" cond=expr() ")" thenBody=stmt ()
[LOOKAHEAD (1) <ELSE> elseBody=stmt ()]

{
}

return new IfNode (location(t), cond, thenBody, elseBody) ;

if AR TENode ZRRFIRY. if BRI IFRA R A2 i, FrLEIRAT B4R
— FIFIER B dump.

<<IfNode>> (misc/if.cb:3)
cond:

<<IntegerLiteralNode>> (misc/if.cb:3)
typeNode: int
value: 1
thenBody:
<<BlockNode>> (misc/if.cb:3)
variables:
stmts:
<<ReturnNode>> (misc/if.cb:3)
expr:
<<IntegerLiteralNode>> (misc/if.cb:3)
typeNode: int
value: 0
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elseBody:

<<BlockNode>> (misc/if.cb:3)
variables:
stmts:

<<ReturnNode>> (misc/if.cb:3)
expr:

<<IntegerLiteralNode>> (misc/if.cb:3)
typeNode: int
value: 7

A R AR A AR Y dump .
if (1) { return 0; } else { return 7; }

78k, ITfNode FEMHE REIE | NS4S location (t) (location X4 ), (H
ZHTR 27 S AR 1S PR ETP AR SR A Location MEMESHMN ., HEMAMNT EBHELT
location Jik, M - -dump-ast #EW dump IEER, I A 1S SCHEA R TS . T8
ZAYE PR P AL Location MR SENATT 5T E AT ARHL I B Y Location X4 HWE?

SR A BT AR SAREC, 710 BinaryOpNode ZEHY location Hikih/&
HEHHZEM RSN Llocation LI LG RLR I, GIdn 143 XAHEAFRIA, 1 M6 &
JEREIRFA AN E

[ while EaHsiEER
B 1A — F while HEAIRGHLIN (FRE3HH 810 ),

REL;FE 8.10 while_stmt B9 ( parser/Parser.jj )

WhileNode while stmt () :
{
Token t;
ExprNode cond;
StmtNode body;

t=<WHILE> " (" cond=expr() ")" body=stmt ()

{
}

return new WhileNode (location(t), cond, body);

while ifi41] (while stmt ) FJ action IEH 8, B Location X4 &k
AP while WEAJARAIT SR A A whileNode 11, FATRIFERE — F M) dump,

<<WhileNode>> (misc/while.cb:3)
cond:

<<IntegerLiteralNode>> (misc/while.cb:3)
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typeNode: int
value: 1
body:
<<BlockNode>> (misc/while.cb:3)
variables:
stmts:
<<ReturnNode>> (misc/while.cb:3)
expr:
<<IntegerLiteralNode>> (misc/while.cb:3)
typeNode: int
value: 0

i U AN A BTEE A B dump

while (1) { return 0; }

R SIE A

YERHE 3 MR (stmt) BHEEREF, ORI TREFHREHHSIEEM AR £
INFEF AT S /2 block, EMHFLNANAALHE B 8.11 FizR.
7G5 8.11  block BY#N ( parser/Parser.jj )

BlockNode block() :

{

Token t;
List<DefinedvVariable> vars;
List<StmtNode> stmts;

}
{
t="{" vars=defvar list() stmts=stmts() "}"
{
return new BlockNode (location(t), vars, stmts);
}
}
Cb fl CIEFH —HF, NI IR AS 5, I block AYTE L AT LIBEAR A A8 &t

P RYZRFIE SR HES] . TR P T R BlockNode WIRFEALE T Ik A2 i P
BRI ARSI . X SR JE M Java RYZRISRITHLN

WA — LG iEa Rt 1 R IEEE G R AT 507 TR A A B 45 4 1 1208 AT RE D
REFNWTRALMES bR, H cbe PG SN iy si 2 n ¥, LA EEEAEH T Java 1)
List.

HERBE—TERREREFSWHIIEN defvar 1ist MIERRIBAIIEM stmts MFLN,
defvar_list ¥7E F—T5HN4, JokE—T stmes BRI, AfCHTE B 8.12 R
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RADiE8 8.12 stmts BIMM ( parser/Parser.jj )

List<StmtNode> stmts() :

{

List<StmtNode> ss = new ArrayList<StmtNodes () ;
StmtNode s;

(s=stmt () { if (s != null) ss.add(s); })*

{
}

return ss;

stmts J& stmt AYFIFR, FEILH] JavaCC Y * BN stme FEA T DT EIT , 3X HLAY stmt AT
DU 1 384) . while IA] DL SLMET A AYIER] . ARGIE T stme RN, ATLAK > —TF25 6
A C R

action TERHR A stme BHERE HAE H ( BIFIR—MBRIATT ) WINE] Java 19513k
g, JFRZOR IPHZS RN 4
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BA A9 R & %

ARTRE S 4 BRSO W LA B 78 A P W IS IO il R A A 2 Bl

= T EEIASIRASHSIE AN
HARATRE — T RIAZERR T Herb 30l i A8 5 75 B A FL0 . ACAS I R 813 L2 mA T
action AYZ% &7 HH AN

358 8.13 defvar_list B9F M ( parser/Parser.jj )

List<DefinedVariable> defvar list():

{

List<DefinedVariable> result = new ArrayList<DefinedVariables();
List<DefinedVariable> vars;

( vars=defvars() { result.addall (vars); } )*

{
}

return result;

R ELITCIE IR 2 action HRANZAIAY stmts 2L, HXHILET defvars WG XIH
FAEAS B, WA RS ISR Z T UAAEXAER X ], EE CIEF (Cb) HarLin
IR — S R RIS R 2R

int x, vy, z; /* B int XENTE x y. z */

cbe () defvars MTE ME AR (FOREEFEIIN ) BFIRBE N T Lk
Mo IERNTE— FERZEFSIN defvars BMNPIHE RS —T (UBEH 8.14 ),
REGi5% 8.14 defvars B3N ( parser/Parser.jj )

List<Definedvariable> defvars() :
{
List<DefinedVariable> defs = new ArrayList<DefinedVariablesx () ;
boolean priv;
TypeNode type;
String name;
ExprNode init = null;
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priv=storage () type=type() name=name () ["=" init=expr()]
{

defs.add (new DefinedVariable (priv, type, name, init));
init = null;

}

("," name=name () ["=" init=expr()]

{

defs.add (new DefinedvVariable (priv, type, name, init));
init = null;

return defs;

FoRB IR M DefineVariable W RECH 4 M35 1 MSECIFRRES
M static [ boolean fH, % 2 AN WA, 55 3 N RA, 4 M PRERIEA,

WATRTIA, Cb A LL— RSB 228 &, [N LS B 22> A8 1 B 75 2 2 mlAH [R) 450 Y
DefinedVariable T X4, FHN static AFAZm AR LG —k, FrLINEE 2 kR4
M DefinedvVariable YRt HiE A IR A E priv Al type. B R HA init
(WIRARIA) WMERAFER, AReEEMM, Ll action HRKA i DefinedVariable
MRJFHH init BE M null,

Y mshe X i sRiE R

TN BN E X5, FRATHEE — T eRE0E SCFLIN, pRECE SCHY LI an A i
8.15 firn .
KAZEE 8.15 defun BIFN ( parser/Parser.jj )

DefinedFunction defun() :

{

boolean priv;
TypeRef ret;
String n;
Params ps;
BlockNode body;

priv=storage () ret=typeref () n=name() " (" ps=params() ")" body=block()
{
TypeRef t = new FunctionTypeRef (ret, ps.parametersTypeRef()) ;
return new DefinedFunction (priv, new TypeNode (t), n, ps, body);
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XHPE—T action B X HRARLIRAT S params W X{H Params &Lk TypeNode &
KIS N SR, FTUABEEEE4 new FunctionTypeRef (), T2t Params
FORFHIEI TypeNode b N TypeRe f M, XAl FEmi /& action 2 1 7Y ps .
parametersTypeRef () ) BOAbFE,

B P FHIZ R BUIR [PE TypeRef MFEZS M TypeRef KM FunctionTypeRef X4,

%1 74 FunctionTypeRef Ji, 1858 2 174 DefinedFunction X4, HAWiEk R
BHISEE 54, R NERESR N static  booleanfli. A FunctionTypeRef [
TypeNode, PREA . FRSEYN R Params X LI ETR BRBUA AR RS 55,

= R ARSI SIE AR

CaNAMEAL T, FHRNKEE — T FRHE IR E LR A K. R 5
FIAELIRTS top defs MURNANIADIE BA 8.16 i
REG;EH 8.16 top_defs RIHIN ( parser/Parser.jj )

Declarations top defs():

{

Declarations decls = new Declarations() ;
DefinedFunction defun;
List<DefinedvVariable> defvars;

Constant defconst;

StructNode defstruct;

UnionNode defunion;

TypedefNode typedef;

LOOKAHEAD (storage () typeref () <IDENTIFIER> " (")
defun=defun () { decls.addDefun (defun); }
LOOKAHEAD (3)
defvars=defvars ()
defconst=defconst ()

{ decls.addDefvars (defvars) ; }
{ decls.addConstant (defconst); }
defstruct=defstruct () { decls.addDefstruct(defstruct), }
defunion=defunion () { decls.addDefunion (defunion); }

{

typedef=typedef () decls.addTypedef (typedef); }

*

{
}

return decls;

RS % h Declarations M1 K /R, Declarations 17 a4 Gl LIS K
WA T K8 E X (DefinedFunction), BEE X (DefinedvVariable). # & E

X (Constant ), &5tk X (StructNode ), BA1ARE L (UnionNode ), HI'2RAE X
( TypedefNode ),
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TSI A RIS R G, BREAR R PIr A A {5 B ) Declarations i mifFE i XfH
R L5

SR ARSI E A

I JE i — NIRRT BRI GBI AR . NRTITIR, FORRRTEIRR T e AST 28
(FURSYE 5 8.17 ),
D52 8.17 compilation_unit B¥1M ( parser/Parser.jj )

AST compilation unit():

{

Token t;
Declarations impdecls, decls;

{
}

impdecls=import_ stmts() decls=top defs() <EOF>

{

t = getToken(1);

decls.add (impdecls) ;
return new AST (location(t), decls);

B BT AR WL ) KRB ] get Token (1) o &5 5 5E JavaCC T4 e L AE
Parser KHITEL, HTIEPIT action BFEEALS 1 ANEARTH A token, PRI FIREAL T SUE
IR A SRS 14> token, AST 19 S RAFX A token, FEFRAE - - dump-tokens PEIK
718 token J¥FI S

%9[\ Eféﬁi%ﬂ@j(ﬁ: (*.cb) H import %Eﬁﬂ/‘]ﬂ%{ ( import stmts ) ﬂlfiﬂ%ﬂ%%
(top_defs) . EMMIEEHAE Declarations ¥4, WL Declarations 2K
i) add J7 K MG IR AE L AST 9 A

SNERTFEH9 import

MIATE compilation unit BELNIHHELT import stmts, PEHRNPERAETHIE—T,
import_stmts MR ALASE L 8.18 .
REL58 8.18 import_stmts BN ( parser/Parser.jj )

Declarations import_stmts() :

String libid;
Declarations impdecls = new Declarations() ;
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(libid=import_ stmt ()
{
try {
Declarations decls = loader.loadLibrary(libid, errorHandler) ;
if (decls != null) {
impdecls.add (decls) ;
addKnownTypedefs (decls.typedefs()) ;
}
}

catch (CompileException ex) {
throw new ParseException (ex.getMessage()) ;

return impdecls;

ARHLIUY action BEA import 7T E W SCOF AT IENT, B SO rhig i 1Y sR AR
HIRG S BHEN N3] Declarations X4 HFfak 1Al
PR import SCHFHICIRAY PR . AR DUSCRAN R R S AN 8.2 TR .

®82 RAPAME

E4 RHIERA
UndefinedFunction K&
UndefinedVariable T2
StructNode K
UnionNode e
TypedeNode typedef

ZERIR . BRER . typedef X AT STE import AP AMNERE—RER, T RRECRIAS B
NI Undefined x x x x LHYLT Definedx x x x F&,

B

I HELARAT A SR A A AR SE N AR IR o2 T o B n A DRA — B P i R 8
EMEY dump, HAPES LA ATE RIS A B, R ER.

import stdio;
import stdlib;

int
main (int argc, char **argv)

{
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int i, § = 5;

if (1) |

return (j * 1 - Jj);
}
else {

exit (1) ;

RTINS R A AR R

<<AST>> (misc/ast.cb:1)
variables:
functions:
<<DefinedFunction>> (misc/ast.cb:4)
name: "main"
isPrivate: false
params:
parameters:
<<Parameter>> (misc/ast.cb:5)
name: "argc"
typeNode: int
<<Parameter>> (misc/ast.cb:5)
name: "argv"
typeNode: char**
body:
<<BlockNode>> (misc/ast.cb:6)
variables:
<<DefinedVariable>> (misc/ast.cb:7)
name: "i"
isPrivate: false
typeNode: int
initializer: null
<<DefinedVariable>> (misc/ast.cb:7)
name: "j"
isPrivate: false
typeNode: int
initializer:
<<IntegerLiteralNode>> (misc/ast.cb:7)
typeNode: int
value: 5
stmts:
<<IfNode>> (misc/ast.cb:9)
cond:
<<VariableNode>> (misc/ast.cb:9)
name: "i"
thenBody:
<<BlockNode>> (misc/ast.cb:9)
variables:
stmts:
<<ReturnNode>> (misc/ast.cb:10)
expr:
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<<BinaryOpNode>> (misc/ast.cb:10)

operator: "-"
left:
<<BinaryOpNode>> (misc/ast.cb:10)
operator: "*"
left:
<<VariableNode>> (misc/ast.cb:10)
name: "j"
right:

<<IntegerLiteralNode>> (misc/ast.cb:10)
typeNode: int

value: 1
right:
<<VariableNode>> (misc/ast.cb:10)
name: "j"
elseBody:
<<BlockNode>> (misc/ast.cb:12)
variables:
stmts:
<<ExprStmtNode>> (misc/ast.cb:13)
expr:
<<FuncallNode>> (misc/ast.cb:13)
expr:

<<VariableNode>> (misc/ast.cb:13)
name: "exit"
args:
<<IntegerLiteralNode>> (misc/ast.cb:13)
typeNode: int
value: 1

AT AT XA 5 PRS0 S A S AT, (LB cbe fn 409 - - dump-
ast T, SEAEUST BT Cb BLFAOMGIAER . SRR — FIGAR 2 A 7.5 30
i, B — SR — T4 SRR R G e
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cbc HIf#HT 2R A /5 Bl

ARG cbe MR IR BT %

Parser 3SBV4ER

cbe MYMENTARER T JavaCC 15E L LASMATG LA B, T IR X Sefg v, ftrae e X
TR EREL TR
KRAY;EE 8.19 Parser KRB EFHE RS ( parser/Parser.jj )

private String sourceName;

private LibraryLoader loader;
private ErrorHandler errorHandler;
private Set<String> knownTypedefs;

public Parser (Reader s, String name, LibraryLoader loader,
ErrorHandler errorHandler, boolean debug) {
this(s) ;
this.sourceName = name;
this.loader = loader;
this.errorHandler = errorHandler;
this.knownTypedefs = new HashSet<Strings> () ;
if (debug)
enable tracing() ;
1
else {
disable tracing() ;
1
1

XA I PRI R S P ) AR
private String sourceName

RAZF I AR 8 A 4

private LibraryLoader loader

A import X4 F N import X HH6g M %
private ErrorHandler errorHandler

W B AR R R0 R
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private Set<String>knownTypedefs
PG 0 typedef &L EM 4 ARkeg %

M 5 2% debug N true B, M enable tracing Jrikk)aH JavaCC AR
B (trace ) Uik, 7F cbc M2 HEE - -debug-parser ¥, LAEWEE JIMH H IR EEThRE i H
1) log.

N T i JavaCC (IR EETNRE, B AJIFE options Bl DEBUG PARSER I & A
true, BENAJLUENT enable tracing Jiikfl disable tracing FiZ k¥ ERERDIRER
FF5&, Ll DEBUG PARSER #EWI A LI—EH i E N true.

%341, % DEBUG TOKEN MANAGER HEIXE N true JF&H AT debug [FE. H
XA A5 B AR EEE R 4, JFAME DEBUG_PARSER AR A HI.

ST HORRAT

IR EA M rfs, fdres HAEMIR (stream ) SEASCAD . (EAEMEATACEDT, 48 K500
O A2 M SRR IS o DRt AT I ) BE R, T SRAT B AT SO 8 5 s s
IR Z . FEXATTE P AE NSO A AT 6% . [RIINTE Parser ZEE SCHAT AT Y
B parseFile, FRHNAEURILEH 8.20 Bk,

KR#Q;EH 8.20 Parser#parseFile 77i% ( parser/Parser.jj )

static public AST parseFile(File file, LibraryLoader loader,
ErrorHandler errorHandler, boolean debug)
throws SyntaxException, FileException {
return newFileParser (file, loader, errorHandler, debug) .parse();

}

HAEHFSIE newFileParser MM AN, T parse kIR
fifthr. newFileParser fll parse #iE& cbe ATTE LA, IERIUKUCRE — T ENTHISEEL,
Ak newFileParser FCAS ARADIE 5. 8.21 FIR .
RALEE 8.21 Parser#newFileParser 3% ( parser/Parser.jj )

static final public String SOURCE_ENCODING = "UTF-8";

static public Parser newFileParser (File file,
LibraryLoader loader,
ErrorHandler errorHandler,
boolean debug)
throws FileException {
try {
BufferedReader r =
new BufferedReader (
new InputStreamReader (new FileInputStream(file),
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}

¥8E HMRITEMMEM

SOURCE_ENCODING) ) ;

return new Parser(r, file.getPath(), loader, errorHandler, debug) ;
}
catch (FileNotFoundException ex)

throw new FileException (ex.getMessage()) ;
}
catch (UnsupportedEncodingException ex) {

throw new Error ("UTF-8 is not supported??: " + ex.getMessage());

}

FIRRIE A R file B FileInputStream ¥4, JH InputStreamReader
Fl Buf feredReader ¥ HEH4E

InputStreamReader MZmliBE HE N UTF-8., WURBENGHRIE AT 1 1B &1 & dn il
RES AT

e

parse JiEMAE A IS B 8.22 FT7R .
R#LFH 8.22 Parser#parse ik ( parser/Parser.jj )

public AST parse() throws SyntaxException {

}

try {
return compilation unit();
1

catch (TokenMgrError err)

throw new SyntaxException (err.getMessage()) ;
}
catch (ParseException ex)

throw new SyntaxException (ex.getMessage()) ;
}
catch (LookaheadSuccess err) {

throw new SyntaxException("syntax error");

}

JavaCC 18 it I8 FH 05 2 A At (9 JF 28 0 A5 5 [F] 44 09 77 6 Tt A Afr A 2L, RIDix B3 5 9 )
compilation unit FFURFHT.

JavaCC A LY M Mr e TE AT ik R AT RE R A W A 3 A KA MR D
TokenMgrError., K44k~ ParseException Ml LookaheadSuccess. cbc 2f#H3k
X IO H 28 X SyntaxException 4 o

LookaheadSuccess j& JavaCC WM 4%, BF 0B 25 T RES N A& JavaCC 1y
bug, (HIM RS2l XN S, BT RAA B T AR



B (1)
S| FHRYEHR

REFHAIHRIE—T cbe ANEN D HTAIRELIN T
E5|IBrIHERE. XEBTRIERSFER.
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BX TR R

ARG BN 28— cbe i BT RLIE A SE B

AEE

AT A M B R 08 SGEAT AT, TSt S | AT ARG £
Bk, FRATE I A T X e b3
. ZES|IHHER
KEIZFROGE R
CKRBEEXKRE
 RERNNBRMRE
BRAKTIRE

XA b i — T LRI H .

ARG R RS AR AR R, flnAR R 17 ATRRE AR 4, W]
REEFAS/Ea 1, Al BB RS i 1, XA i BRI BRI AR A E P, B P | 1T
B

“HRINAFRATHAE BDEBYH R . W5 8 FTIR, cbe MZRAIZFRH TypeRef XMRFIR,
KA Type WEFR, REIAFHRIIHEMBHIEN TypeRef X 45540 Type X4

CRAE LKA SRR AR AR SO TR RS AE L, BN void WA . &F
void MU EEHIR . K A B2 (k@ eEt ) ME U SR AT, #RTER L I
FIE R E Lo ARG R T A AR 2 A XA E

CRBAARER A" B A R R AR TCEPATHFRIAR, B 1++ XFERYFRIAXTT
Phid st cbe BIfEdT#E, H 1 IFdEAS G, FrDORRE AXY . XA RIASLPR L RkidT, BT
AIERRFRIE . FEI R H A A A XA AN IR 1 3R 2

KT “ESEAK AT, BT C ol Java AN ZAEE AR T R A SR
RS, RSB ER R ERT 2 3st . BIAFESS IR Z BT T + 125 @, % int 28
RUE A 2 AR TR BT S AR 1 55

o b~ WN -

O ZAERL+BEH.

FHE
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B3R S AP A —ERBRE . HoE, “HBE AT AR I BRI
REFRATARESA T Hk, “FRIXAWABIER A" TERT 3 DRGSR ATA R T F/m, “#F
BRIGA” TERT 4 DI REEATRET AN BEIT T B — T LS, W 9.1 B,

1. BB BHER 2. KEZTRIH R
3 ABEXKE

4. REAWEHMRE

v

B 9.1 BN HTRIAL IR B PR &

HSIE LR AE

5 SN B 2 AL T SR P U L S RO B A 0 L, {307
BRSO I, AR P B O SORS DRI, 5300, e
EASSRIRAT T, SEAI G I T A RV B 45, Rt 2 BRI 2
HENTESTE

T RN Vi A BRI AT 1 R R .

B (traverse ), [ 9.2 FLBIHUR B, 3 UM BTN EEREN T /7 N\

ST A ap
7710 52 5 A 50 5 K 52 L S 54 07 N
FAETIE , FTER R S P Y Visitor 85, (5 Visitor A2 A

X, R SR A SR AT XA R BAEY mo2 MuisH
IR RRAIA

A& Visitor B HMSIE EHHILE

T B Visitor B H Y, FRATVREE T W AME ] Visitor B TRES IS ARG A

SR AT ZA LT A B 8, IF BARREY si 2R CR 5 ASAH A fildn, 78
TIIEFEAFRY T A (BinaryOpNode ) W1, SRSl A A IR SR, P A AL RIK
KRR MR REIHN T S (FuncallNode ), NWISERA rf SES2,
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IRV AR LR b A A A A R B AL P HUE I SRR — B, B ke, AR e Ty
AL HR5E AN

Wi T ) X G P AR 96 28 B AN [ R AN TRl Ak B J5 vk, T DL R T B AU B 7S
( polymorphism ), & T HXAE, TEA T RS E UG A 419 i Fm iR IR ARB W Ik, it
3B U I STy ok A TR AR A
class Node {

/] MEFETREPEAHIEX checkType Fiik

abstract public void checkType() ;

}

class ExprNode extends Node {}

class UnaryOpNode extends ExprNode {
public void checkType () {
expr () .checkType () ; [/ REERAEEFHIRIEREE
/] WEZEHFEETH

}

class BinaryOpNode extends ExprNode {
public void checkType () {
left () .checkType ();  // BREEMRARHKE
right () .checkType () ; // KEGMRARHRET
/] REEDNGHYKE R SERF

}

class AssignNode extends ExprNode
public void checkType () {

1lhs () .checkType () ; /] KWEEMRIAX LR
rhs () .checkType () ; [/ RELENRERHIKE

/] REEDNGHEE R SHERF

}

EFET REPENX checkType A&

fBokkE, R AP BIN I IS 7950500 check Type Tk, SURETEM D G i
(RIS, ARGEAN TR A9 2RO [R) R AL

HTF Visitor ISt AMSIE SR04

il 22 2500 Dy h R IEA B0 S g B, T LA 5 B, (EACHE A RIR A5 1 1. N
Java Hid LI SRR R 3 SCHE, BT LAZR ARG A A 2 0 7E T 19 2R SCb b X
—ok, TG A AR A BRI R o] ER AR R A AL A5 L PR

AELL T Visitor BEHIREIR LS 1o M Visitor BEACAERS 70 BUE A1 P IS BUAG £
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ARG B2,

Visitor B NIA il FH 2 A MRS 0 BAR R H o BESR I BRAE T Ab 35— [m] 51 1) 4 QR 43 e
JIAT BT 25, B AKX S ik N A R A B SRS PR SRR Z O i BT
WEEE TR 9.3 T i Visitor #AIHEN .

RERABRIFEANER

class UnaryOpNode {
checkType() {

|ﬁ7£ UnaryOpNode 892 #9K 15 |

}
}

class BinaryOpNode {
checkTypel() {

¥ & BinaryOpNode BZE ARG

class AssignNode {
checkType() {

& AssignNode 89255 44D

{8 A Visitor = 09155

class UnaryOpNode {
checkType() {

A class TypeChecker {
A checkType(UnaryOpNode node) {

) \\-I 42 UnaryOpNode #9255 #9445 |
}
class BinaryOpNode { checkType(BinaryOpNode node) {

checkType() {
- —d—-—>| & BinaryOpNode B925 5 R 7D |
3 A )

}
1 checkType(AssignNode node) {

|| %% AssignNode FIXTHART |
class AssignNode { . —1 )

checkTypel() { }
A

}
}

& 9.3 Visitor #&zXHIHLR

1% 9.3 A B TypeChecker XEEIZE— LR A visitor,
T B R TypeChecker RTRESEERI AN checkType FiEdEAT T EHzk, Kt
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TV SERE A AT, AT LAAR 4O checkType.

Vistor #&ztHI—Ag1k

Visitor UL T B, (Rl Ve iifez 4k

Pl 9.3 Jr 7 Btk B R IR T 201 R 2R P B IOC A AU, T 26 CR AU
T visitor JER Tk SR TP — RS AP R FR R, ARG AT TN i — 1 e
B ARSI HBE AN —A . R A RO ARAS I — A~ IR AR AT 1 1) R
WUAAE ST B x BRAERPZE” A, XHERIRI T JAAHE B DTS R e
— N ITERBIX A AL B

Java G T F RIS E38E 0 (interface )o WA T30 4350 22 (45 5 26 07 Tl AN 422
WCRERE Y visitor 28 (U1 TypeChecker 28), Mz, AAtaE LA — N rdokai £

A visitor 25,
PERATRE — T cbe HELT FIR TR Visitor BERX MY, cbe FPSZIAY Visitor A5 HE
BN R

class Node {
/] MERB T REPENLIENX accept Fik
abstract public void accept (ASTVisitor visitor) ;

}

class ExprNode extends Node {}

class UnaryOpNode extends ExprNode {
public void accept (ASTVisitor visitor) ({
visitor.visit (this) ;
}
}

class BinaryOpNode extends ExprNode {
public void accept (ASTVisitor visitor) ({
visitor.visit (this) ;
}

class AssignNode extends ExprNode
public void accept (ASTVisitor visitor)
visitor.visit (this) ;

}

intarface ASTVisitor ({
public void visit (UnaryOpNode node) ;
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public void visit (BinaryOpNode node) ;
public void visit (AssignNode node) ;

}

class TypeChecker implements ASTVisitor {
public void visit (UnaryOpNode node) {
node.expr () .accept (this) ; /] KEFEREEFHRIAN KR
/] RBEEEHFEETH
}

public void visit (BinaryOpNode node) {
node.left () .accept (this);  // RBEMRARMED
node.right () .accept (this);  // HEANFRAXHXE
/] REEBREBHEBE T

}

public void visit (AssignNode node) {
node.lhs () .accept (this) ; /] REEMFRIEXHKE
node.rhs () .accept (this) ; /] KREENFERHEE
' /] WELEDRNENN LB ZEEF
ASTVisitor £451> visitor K 0, TypeChecker Z5iljd5EF ASTVisitor #10,
w] AT 2R TypeChecker I,
ASTVisitor #EH Ml TypeChecker BHEN T4 visit FIHEE, visit HiERiZK
9.3 H1AY checkType., 14K 9.3 Xk HR(TH TypeChecker 250, J7k4 checkType Jf
AP AlmE, (BE LA visitor KRAF—MEOIEN T, checkType XL LA AR
LIS T o PR visitor 2k oG TS 55 | FHAIE R 1026 DL S T TR PRl g 2s, M
%M checkType BT ERACBRAS 5 | AR, BEAMERMAAGE . HIHRH T i har
MIrkss visit,
[FIRE, 28X A checkType HiEWEMBIR AR, XHE R HEA accept & Visitor

FREAAIHLE o

cbc = Visitor &AM

R T AT A B Y, cbe TPAY Visitor TR Z FT A LA - 3T T 3 KLMUJ_J
B—, BEHMMMRI node . expr () .accept (this), FAEZ FAHEHEMAE, |
HHF node . expr () .accept (this) XFEAALIEEREAL check AT resolve ik, % —
MIT, AR AR A LR DereferenceChecker 11, check JrikisE AN UG H.

9.1 ioR.
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7358 9.1 DereferenceChecker#check ( compiler/DereferenceCherker.java )

private void check (StmtNode node) {
node.accept (this) ;

}

private void check (ExprNode node) {
node.accept (this) ;

}

A Lk ik, FE visitor ZEHARBES SR, HFEFEE A check (node . expr () ) 5
resolve (node.expr) BLAILAT , Flichlffi b HJE H IS E 2R 50T .

B, AT Visitor Z4E R A TTE LTI visitor REFAYFESS . Visitor ZRAE T 3k Dy B
A E, EAEAT R ffS, it S A Visitor 28, 76 7P R N T B4 AR T Ab 2
BT 2R EE visit JrikRIT]

5 =, FIH Javas [ generics ML, 1% visit 7 ILBENS IR AT R AR BI{E . 3] Qi i
P (implements ) ASTVisitor #H, FATLIAHHANPE StmtNode i) visit AiEiR[E

void, AbH ExprNode [ visit JikiR Al Expr.
class IRGenerator implements ASTVisitor<Void, Expr>
H S SCor A 1Y visitor ZEREAN T 2R 08, BT LAAT LLERS il <Void, Voids>, HA
IRGenerator ik [ void LAFMIH
B4R — T, void ZERFITF void 28R, ArLIRMEF I Void, visit Jrikt iR ml
—ERE. cbe AMFE (W) M T AL return null S59UXFERIIFI T

VBN HEERY che fos

TEANTRT ., TATRANE XA SEH) cbe FUZERN24TER 9.1 . B TypeTable 24, H
RIJE Visitor KT,

RO FENSHHEXHE

=2 1R

LocalResolver T 25| FHYHR
DereferenceChecker FEXNERERE
TypeResolver KEIZIROVHER
TypeChecker BASKARE
TypeTable KAEEXIRE

T =TI R TRATRARA T 2 2RI BN 2



9.1 BXHHME | 143

CO
'3 SR Visitor ERRISEH
KBEMINBT Visitor BXURENEAIH, WTEXHFNLAESTFTER, AT TR
h——E X 54— accept FAM ELW MM T, MMHE node.accept (this) MRIBHFHE
FEhEETEEFAEE,

RI{EwLtE, HAEERET Java HHHSIEER, XD NBHOLMBEFLLEEMAMBOE, FLLRD
ER SRt R X Af, {BI0R cbe FIERFEP RGN, EFSEAEME A KL
Visitor 23, BHLE RS

R4t (reflection ) @7 BTN RIS EIEF B BEEMNINEE, X Java kik, FIHERSTIN
Bt FRFRRIEEHANRL, BRI BRI BRIEEFERENEENE,

Visitor R XA T REEHRS check (node) , RIBILFRI node KK BN T5 5%,
WMRAZXMHNIE, FESZANHIEREE, HA Visitor EXFEABNXDFERASD, BER
1%8Y 2 A1iE node M ExprNode 5# StmtNode, HIibFEART oh /128 00X RS B E B
MLl o

B2, BEERENANERTAE, EETHRBENET , AEFHHARFMELZTHR
BEREBARRN T A, AP PRET FHARFII Visitor XA REINRED, BXBRETUEAE
— T
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T E5| AMiHR

AR XA GG RO, B A s i (8 ) YA BRFE T8

SR

Cifiws (Cb) WA A EH B E, I AUE A8 5 44 Jo ik By b R0 18 1248 1 FE A~ 48
O BRI, FlnpAAE R ‘17, TTRgee R, Wl aeRREE A E, e
SEAH GRS B, O T IEBRIX R O M, FRATTRR B TR 1 AR TR E AT OCER R
K, XFERALIRFRSA ARG AT . Bk, SRS IEER T A R g A R
VariableNode MZRINZAS R E X (Variable ¥4 ) BIER,

Fhh, B WE TR —F, CIEFICh FRERZEN puts ("string") WF L
“PHIAS R puts BRI ARELC”, B B T2 E puts g MRt 4, 75 2508 HI Y R 2L
WAL E T o

47 SCHIRYMEE

A AR 4N LocalResolver MIZRM BT, B ORG24 FRATHT R X Gt 476
ERAOALEEFR M B R (resolve ), PRIIEIX LB 17 580 B2 44 0 LocalResolver,

AT EEE, LocalResolver 25T Scope 25V HTFIS, XEEMER
N 9.2 FiR.
% 9.2 Scope REFEMIER

e 1EA

Scope F=RERREMRE

ToplevelScope REEFTMENEAS. REFRENERETE
LocalScope FrR— TN TENERE, REEESNMNEE

FEARRFEBAEAE— ToplevelScope X4, JfHIZXZ A THMYINZE. ToplevelScope
XTG0 T AT & e U sRECEGE AR LocalScope X4, LocalScope M4 T HEES
HATEECE N LocalScope MR AL IR

VE B 28 RIE 45 Gl 9.4 Jis .
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B 9.4 Scope Xi&Hakt
HEA B T X, AR AR p e OB R Ao 7. RS H T 48 & 19 7F H 48
Fih, WEM R LA RA T4, TR AR Ot B B AR WS e B 9 3
ToplevelScope WA BN R RN BYE S, BT R E AR, shasiies,
LocalResolver RFIHE (stack ) —iA M Scope XGRS —i i A48 5 | H A I

Scope WL

Scope X4 & LocalResolver S B 2 Ay, B ERRATRHROEAIRE — T
B, SABEMERE LT PR .

LocalScope
LocalScope
LocalScope

LocalScope

abstract public class Scope {
protected List<LocalScope> children;
}

public class ToplevelScope extends Scope {
protected Map<String, Entitys> entities;
protected List<DefinedVariable> staticLocalVariables; // cache

}

public class LocalScope extends Scope {
protected Scope parent;
protected Map<String, DefinedVariable> variables;

BB FENZENA Scope MAHA VI LocalScope 5ERINIEARAREATFAEAEL, I
H. LocalScope ME A parent JEME, ATLLEMIACER Scope X5, Bl Scope X4 AR AT
10N e =N [ N <3 2 R E W AT T D9 o e B (2 41 | A e

ToplevelScope F fl LocalScope K7 Hl & X T Map KM & M entities M
variables, X H iy entities fll variables #B & P& £7 22 & 1 oK KL 10 2 SO X 4.
ToplevelScope i entities HRFFE A TZMNE X Map MHEAE RS, {H/E Entity
X4 (A EREYE X ), LocalScope B variables FREE A WIGH AR E, Map
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AN R4, {HJE DefinedVariable X4,

entities fll variables KRE#{E LinkedHashMap X4, RIAFFRIESNE, KNTE
Qb P RS N AR R, e FRACRE 19 5 5 U i 0 0 S X Ry 2O G A 1 P R T R A,
PMRRE TP5 S o

& scope IXFEAE AR f FPREL A FRIIR I — AR I FFS 5K (symbol table ),

LocalResolver 9=

FHEILRAN KRB —T LocalResolver KM HE REFIATT, LocalResolver KL
PRETUIARASIE . 9.2 FIR .

HKAEGEHR 9.2 LocalResolver ZERIFFIE R EL ( compiler/LocalResolver.java )

private final LinkedList<Scope> scopeStack;
private final ConstantTable constantTable;
private final ErrorHandler errorHandler;

public LocalResolver (ErrorHandler h)
this.errorHandler = h;
this.scopeStack = new LinkedList<Scopes>() ;
this.constantTable = new ConstantTable() ;

}

i R E T 3 MR

TG, ErrorHandler J3/& cbe BNl A A TAbBRES RIS, HA BoslAs 14 B0
HArnZRE

scopeStack BT RAFH /R Scope EXL RN, X BEARMIMAIE LinkedList
X4, LinkedList tHA] PIVE MR .

ConstantTable J& cbc FHTEHFATRE EAIZE, PR E T ConstantEntry X}
%R, ConstantTable MRIIIREMIES —E H ConstantEntry X4,

LocalResolver EHE50

AL AT LocalResolver RIYA M (FHIFIHIHTT ) ——resolve LML,
ARESTE . 9.3 IR o
R#LFFE 9.3 LocalResolver#resolve(AST) ( compiler/LocalResolver.java )

throws SemanticException {
new ToplevelScope() ;

public void resolve (AST ast)
ToplevelScope toplevel =
scopeStack.add (toplevel) ;

for (Entity decl : ast.declarations()) {
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toplevel.declareEntity (decl) ;

}

for (Entity ent : ast.definitions()) {
toplevel.defineEntity (ent) ;

}

resolveGvarInitializers (ast.definedvariables()) ;
resolveConstantValues (ast.constants()) ;
resolveFunctions (ast.definedFunctions()) ;
toplevel.checkReferences (errorHandler) ;
if (errorHandler.errorOccured()) {

throw new SemanticException("compile failed.");

}

ast.setScope (toplevel) ;
ast.setConstantTable (constantTable) ;

}

resolve JPEATLAGN N 3 A0 55 13 (254700 ) Sl pmtEpitatl; him &R ot
FTSEBRIAL B BRI R AST (5 R

SebiE— T 5 1 5 F 5 5857

51 H 5y e Al ToplevelScope X%, ARG ¥ A W ToplevelScope X 4 H
scopeStack.add (toplevel) N3] scopeStack, XHEMRHEEHA T 14 Scope ¥4,

TEf e, Bfrt i A il ToplevelScope X4 H1 ConstantTable ¥ 43175
AST X, XX ARSI SR, b TG BES T —BrB, FTLMRAEE] AsT Xt
2,

B T2 E e

THF—T resolve FkH i) FZAFE,
FEM RN RS AR

for (Entity decl : ast.declarations()) {
toplevel.declareEntity (decl) ;
}

for (Entity ent : ast.definitions()) {
toplevel.defineEntity (ent) ;

}
XA foreach 15 AR 4 R A8 i . PRALLL AL NE] ToplevelScope 1, 3 1
/™ foreach I AN A (* . hb) FE B AINEAS E KL, 28 2 4 foreach 1IGH] T 5
AR SR E AR B R, TR AL ToplevelScopet#tdeclareEntity fE
ToplevelScope XA H S MIE ek,
ToplevelScope#tdeclareEntity AN AL 9.4 FIs,
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#3758 9.4 ToplevelScope#declareEntity ( entity/ToplevelScope.java )

public void declareEntity (Entity entity) throws SemanticException {
Entity e = entities.get(entity.name()) ;
if (e != null) {
throw new SemanticException("duplicated declaration: " +
entity.name() + ": " +
e.location() + " and " + entity.location());

}

entities.put (entity.name (), entity);

}

Wi entities.get (entity.name ()) iR null PIAMAME, BLEHRED
RIS . SRR . g, I Semant icException .
ENH entities. put SRAMAS R . BRELL

R AL IR

28 ST ks

oA i i 1Y

[f13] LocalResolver KM resolve J5ik, 1EFNTE—TF T 3 frhbH,

resolveGvarInitializers (ast.definedVariables()) ;
resolveConstantValues (ast.constants()) ;
resolveFunctions (ast.definedFunctions()) ;

A RERI ikhY

resolveGvarInitializers fll resolveConstants H 2505 J 4 /mAs

wIRf £ A N, resolveFunctions EREEN, HEFRINTKEE—F RN (RSE

95,

K558 95 LocalResolver#resolveFunctions ( compiler/LocalResolver.java )

private void resolveFunctions (List<DefinedFunction> funcs) {
for (DefinedFunction func : funcs)
pushScope (func.parameters()) ;
resolve (func.body ()) ;
func.setScope (popScope () ) ;

}
XFSCPF AP E SR TAT BRECHOR B AZ I AR B

1. A pushScope Hk, Eﬁi@ RBFESHIERE, HEREBETHL ( scopestack )

2. fi resolve (func.body ()) FEFKIBHA R E 56015 EH

3. 8H popScope 7\7_5£§$H'4'|§J'J7J'J£)\Ti’zé’\] Scope R, % Scope MR A func.setScope

//J\\ j][l il PR éﬁ EF‘

pushScope il popScope KXHERI T EAER —UHI, THIRATRE —FENTHSEE.
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pushScope 7%

pushScope F R LocalScope X4 B ANE AL I H i, HAKULILEE 9.6
R o

7358 9.6 LocalResolver#pushScope ( compiler/LocalResolver.java )

private void pushScope (List<? extends DefinedVariables> vars) ({
LocalScope scope = new LocalScope (currentScope()) ;
for (DefinedVariable var : vars) {
if (scope.isDefinedLocally (var.name())) {
error (var.location (),
"duplicated variable in scope: " + var.name()) ;

}

else {
scope.definevVariable (var) ;

}
}

scopeStack.addLast (scope) ;
}
—JF A% new LocalScope (currentScope ()) ALl currentScope () NACYERTIEL
# LocalScope X%, currentScope JEiR [FIXYFTARTNAY Scope MRW ik, 52, Y4
A U 2 i ek e 2 Ak, Fm e IAVE ) Scope XT4 /& currentScope JikiRIFl
N2
15 ] foreach 1EA)F 751 vars ININE| LocalScope ¥M4H, Wik, ] LocalScope
XL INAEXE IR e s i, Rl e 7E gt 12 LocalScope ', ZEIRINES
HE o
FER AR, JEH scope.isDefinedLocally Fikfufr @A O 4w X T A ARG,
SRIGFIEATEIN . 17 LocalScope XA f i {f | definevariable Jiik.
)5 ilid V8 H scopeStack.addLast (scope) ¥ A LocalScope X4 HE2I1E ik
HRR T, XA RER R E IR E T .
JiAk, AR A [A) 44 B2 g SO SR D S . TE TSR LT visitor BN
#h, BLTT GRS R, ARSEmATAL I, SRISTE Visitor T AL IS S i
P S . SXAEREMEAE — IR i R AT RE 2 M R IR X AR

currentScope 5%

currentScope JeiR [MIFRIR Y FiE ) 2 FRA X 2 b N2 E IR scope X4
T, WARHSIE L 9.7 B,
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R#L;%EH 9.7 LocalResolver#currentScope ( compiler/LocalResolver.java )

private Scope currentScope () {
return scopeStack.getLast () ;

}
AL, SCEARR I, ] getLast JHIEBUHE AT Scope XERIFIR M,

popScope 7%

popScope &R EGHT LocalScope X4 (currentScope () ) MAVEFE A i H Y
Jrik, WARESTE R 9.8 R .

#3758 9.8 LocalResolver#popScope ( compiler/LocalResolver.java )

private LocalScope popScope () {
return (LocalScope)scopeStack.removelast () ;

}

popScope HiEMIAE R B, (U2 MH LinkedList 25 removeLast FikH
TR GaA, #4404 LocalScope JFiR[Fl, currentScope HiFRAUAUE “HUfE X4,
Il popScope JFiENMEEXTEL “FHAR”, XEENMARRZ AL,

SR ONIGES VER

PRI TUZER T eREZ AN, CiET (Ch) RREFE ({. .. }block) WWAFI AL
TEFEL, AR EF — FERRFHM BlockNode %’éﬂ"]ifﬂﬁﬁ%o IhF BlockNode BYJT
R SBLANACASTE 5 9.9 iR .

RF;EE 9.9 LocalResolver#visit ( BlockNode ) ( compiler/LocalResolver.java )

public Void visit (BlockNode node) {
pushScope (node.variables()) ;
super.visit (node) ;
node . setScope (popScope () ) ;
return null;

}

ESEI pushscope Jrik, AAUAFHE AL 1 LR Scope WL, WIFIE
AN ISR

HEPIT super.visit (node) ;, PUTHERZE visitor i XAYALHEE, RIS R FHLAY
A A T3 175

)5 popScope FEMHBATIN scope X4, P BlockNode X4 setScope i
PRARAENT TR Y Scope X4,
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3237 VariableNode FIZs25E X f3EE

I Z AR E AR T Scope XTRAYRS, T 1 H SR A LUK | T A O
AT LT
WHAEET AN (VariableNode ) MARRSAIAARSTE I 9.10 FR .

RAD;EE 9.10 LocalResolvertvisit(VariableNode) ( compiler/LocalResolver.java )

public Void visit (VariableNode node) {

try {
Entity ent = currentScope () .get (node.name()) ;
ent.refered() ;
node.setEntity (ent) ;

}

catch (SemanticException ex) {
error (node, ex.getMessage()) ;

}

return null;

}

HeH] currentScope () . get 7EM4ATRIVEFE P AR AE E 1 E . currentScope () 1R
I Scope X5, FrLAR] DIEHEMH Scope 25/ get ik, get kiSRG TER G 8GR

B e, #dJHH ent . refered () KicaE X5 HGEL, XS4 %A 9 2
ATt RERS 25 & .

EH node . setEntity (ent) B LA EVE RIS, DMERERTHES M variableNode
AR 1 S

TR A RN EE X, currentScope () .get 24l SemanticException %4,
P S S B RIE R D

MIEIESEVE T B E Y

BRI AE—T LocalScope 25 get HIEASEI, LocalScopetget & MAE AL,
PRI fE LT . BRI A RS L 9.11 iR,
73758 9.11  LocalScope#get ( entity/LocalScope.java )

public Entity get (String name) throws SemanticException {
DefinedVariable var = variables.get (name) ;
if (var !'= null) {
return var;
}
else {
return parent.get (name) ;

}
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B variables.get A SR P AL A N name BUAZ &, W03 2 A0 TE 5K 7]
ZA R, AR BIE NI AEHE (parent ) B get T4k SE A #0 ., A0SR ACHE FH B 2
LocalScope X4, WIHHAHRI kb i 945 4k

Fi—Jiin, AR ERIRE Toplevelscope RYIE, HUATIUMTTH 9.12 FHYIUHS
RE3;F8 9.12 ToplevelScope#get ( entity/ToplevelScope.java )

public Entity get (String name) throws SemanticException {
Entity ent = entities.get (name) ;
if (ent == null) {
throw new SemanticException ("unresolved reference: " + name) ;

}

return ent;

}

W FAF ToplevelScope i i & #h entities £ AN B & 10 E X, w2l
SemanticException 5%, FNMCAEAT LIZMIEMART .

F NI G| HTERCFREE ] T, B abFRA R T DA ToplevelScope MR 1Y
Scope MR, It HF A variableNode MIHE X EBEK T .

ERTENRIRSIA

NSCE

v

LocalResolver KEME—FBHSARENERETE, XEEXH A FTH REEEED ol IE
AXthefneREE, Otei, EChd, FALRTEMNREITNHNAEEX 2/, X2
EXRETF CiBE 2, ETEEX A UMERETEMESENMES, COEXFTAHAE%EE,

IER—TF, FICEBS—H, ATRILASIAZHEXHNTEEHN, CbhRATEEXHNE
H#TEES | AERNIM AR, T EXEERE %, BXbrERAFEEBESITIERE T R4
BEXMS|IRERMTNT . CEBSHXNMSEAMEAN T ZTXUmEIESN (BHERRERRFA
EZET )
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e
--lg""
)

9.3/ KB 2 FRAYIF R

BATKAL N TypeRef (ZERIZFR) 3] Type (ZRAIXIS ) Ay,

B SR E

cbe PEMMFR (TypeRef XER) ML (Type X5 ) Z TP FIBAEA 1L, P
LRI N TypeRef MRIATALIRAY, 1AM Z R AR Type XM HR ., AT
AR AL B RN A, b R A R R A AR SR AT T oG (AR ), X BUR R 4 RS2
PRBEAT I CTH A ).

SCIMEOIGE

MOk TypeRef XN Type XA MZE TypeResolver 25, TypeResolver Z5th
J& Visitor FEM—FP, FrlLREHS M TR B AR

TypeResolver RIALIUUZ i IGIEEMN, KN TyperRef MR IF19 SUT IR
WAl Type ZEAY, RAVHIAL & AR Z A AE TR VE SR E (FEHBE— ), Pk
A BT AR

TypeRef XAl Type X R HIX N KR RATFAE TypeTable X4,

TypeResolver £iEH

TEFRATTM A 1 R BT IRIKIRE — T TypeResolver 25, TypeResolver ZEFE pREL N
FRASE B 9.13 PR .
KFBEE 9.13 TypeResolver HHiEE £ ( compiler/TypeResolver.java )

private final TypeTable typeTable;
private final ErrorHandler errorHandler;

public TypeResolver (TypeTable typeTable, ErrorHandler errorHandler) {
this.typeTable = typeTable;
this.errorHandler = errorHandler;
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IR PRBOKE F T AL B IR B ErrorHandler X4 LK TypeTable X415 & 3|26
@, TypeTable Z{#fF TypeRef Fl Type XN ERMNE, it TypeResolver 2
B [El%E TypeTable BETALE,

TypeResolver 219350

EEHKE— T TypeResolver M A —-resolve Ji¥, resolve kIS LS
5 9.14 R

R#L;EH 9.14 TypeResolver#resolve ( compiler/TypeResolver.java )

public void resolve (AST ast) {
defineTypes (ast.types());
for (TypeDefinition t : ast.types()) {
t.accept (this) ;

}

for (Entity e : ast.entities()) {
e.accept (this) ;
}
}
B defineTypes Jrik, MRIEACHD FE LAY 2B A B Type XT 4, IR A7 E]
TypeTable X4 H . it import § AMZALE LA AEIX HLANRE,
{H defineTypes HIEALIREEFIMR A ZEAISE TypeRe £ X4, WG EEM P A
1 TypeRef ¥4l Type MALHLEAE I A foreach iEATHH AT, WIERX PHHR43Ab BEAS 73 IT i2F
TS, FEAbEEE H 2R 5 UIRE 2 B ASEIE A
55 2 4 foreach 1EAPE ] import MISCHAMIBIERARIE L. 42 a7 i LA K RS BT A e 4%
1 TypeRef Fi ) Type.
KRN TG, NMEEEHERE, DRk, b fips 2,

SKRIROFER

kg — defineTypes i ISR N defineTypes JE B 2 WS n 3
TypeTable X400k, HAVLUfCASTE H. 9.15 iR,
RHEBEFE 9.15 TypeResolver#defineTypes ( compiler/TypeResolver.java )

private void defineTypes (List<TypeDefinition> deftypes)
for (TypeDefinition def : deftypes)

if (typeTable.isDefined (def.typeRef())) {

error (def, "duplicated type definition: " + def.typeRef());
}
else {

typeTable.put (def.typeRef (), def.definingTypel()) ;
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}

i ] foreach i 7] ¥ deftypes H I TypeDefinition X 4 & U, ¥f def.
typeRef () fl def.definingType () KB K X}, M typeTable.put J ik & i 3
typeTable H', def.typeRef () IR /Zi% TypeDefinition X[ Q2 & LAY
TypeRef (KHIZFK ), def.definingType () RFIFZEIZ TypeDefinition XHREE L
Type (ZAI),

{HUIIR typeTable.isDefined () N true iE, WX TypeRef CLAALFAE, XFE
0T WUE B AR R I 4 RE S o

TypeDefinition KRS 2, SZ R A R SE B 2 TypeDefinition HJ T2
StructNode. UnionNode., TypedefNode., StructNode F/RZEMIAM)E L, UnionNode
FRBAIRRE L, TypedefNode #/~ typedef i54],

X HEEFE - definingType FiERI/RH], StructNode H definingType Jikyft
S ANACAS R 9.16 JT7m o
REGiEH 9.16 StructNode#definingType ( ast/StructNode.java )

public Type definingType () {
return new StructType (name (), members (), location()) ;

}

name () RFZERPLFR (String X4 ), members () RFIZRBAFF TypeRef Bkt
(pair) [ Slot XJAINFIEK, location () IR[EIFRRE LIFTENE I Location X4, HfEX
3ANSHERGHTZERI) Struct Type FR Al

SRJGTE TypeResolver K| [ TypeTable#tput kKA N strcut Type X
LIS F| TypeTable X% H, TypeTable X 4 1Y N & £ A HashMap X 4, I
TypeTable#tput J7k K75 # R H HashMap#put B[,

[ SRR AR
ULLE resolve JriEPRIR ML,

for (TypeDefinition t : ast.types()) {
t.accept (this) ;
}

for (Entity e : ast.entities()) {
e.accept (this) ;

}
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A AR NR SO ENANE LRI A AR R, B T E Y TypeRef X4
EEEAN Type M4, ast P& ERE LUK 9.3 iR,
*9.3 ASTHEFZEHEX

Tk ax
ast.types() TR RN LB E X
ast.entities() A import SAMTZEFRRFNFEE, MRIBEXHFRNEEF RN E X

T EEENRIHEBHRR

i it B R B TypeRef X4, WMAUK N Type X% G IE LW FAEAE
TypeRef XJZIATT U1K 9.4 Ffizs

£ 9.4 7 TypeRef WEHTT =

TRESZ AT M AYIE A

StructNode HEMIRE X

UnionNode BEREX

TypedefNode typedef

DefinedVariable TEEX

UndefinedVariable TEFE (SAXHFANTE)
DefinedFunction BRELE X

UndefinedFunction BB ( SNSRI )
CastNode Btz

IntegerLiteralNode BHFTHE

StringLiteralNode FHEFEE

TEIEEASTT A, PN EAKRE/NE, XBEEA L THE—F Definedvariable Ml
Definedfunction JSHIALIE,
B, 4bH Definedvariable ZEACHL UM CADIE LA 9.17 TR,

RELFE 9.17 TypeResolver#visit(DefinedVariable) ( compiler/TypeResolver.java )

public Void visit (Definedvariable var) ({
bindType (var.typeNode ()) ;
if (var.hasInitializer()) ({
visitExpr (var.initializer()) ;

}

return null;

}

TypeRef X RILA [EBFIFE TypeNode X4 H, TypeNode J& X HL{RAF TypeRef FI
Type BIX4%, HHMETR{L TypeResolver MY,
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bindType J7 %YL BN 2 AL B 9.18 oK.
KHB7EFH 9.18 TypeResolver#bindType ( compiler/TypeResolver.java )

private void bindType (TypeNode n) {
if (n.isResolved()) return;
n.setType (typeTable.get (n.typeRef ())) ;

}

B, F TypeNode#isResolved HiEMEE G E AWM T, WREZL5EM, WA
ZIH ] return 25N, ARIA R, M n.typeRef () M TypeNode H1HU TypeRef,
1 typeTable.get ¥4l Type X[ 4, RGH M Type MR M n.setType & & 7
TypeNode H1,

J% EREE M AIZEBEBRE
T/ —F DefinedFunction ZEAYALIE (fUADIEEAL 9.19),
RAL;FHE 9.19 TypeResolveri#visit(DefinedFunction) ( compiler/TypeResolver.java )

public Void visit (DefinedFunction func) {
resolveFunctionHeader (func) ;
visitStmt (func.body()) ;
return null;

}

private void resolveFunctionHeader (Function func) {
bindType (func.typeNode () ) ;
for (Parameter param : func.parameters())
// arrays must be converted to pointers in a function parameter.
Type t = typeTable.getParamType (param.typeNode () .typeRef ()) ;
param. typeNode () .setType (t) ;

}

FEALIEERLE T resolveFunctionHeader Jrikm, R A I L3 T F#

TEPREUE X, AN X EEH /7 7E TypeRef

1. 1RE{AERIKE

2. Btk TY

3. BRI RIL

resolveFunctionHeader J{EMHS | fTHFAMHELRIFMERZEAY, func. typeNode ()
IR AR A7 A IR BE 2K Y (1) TypeNode Xf 4, L] bindType Ji %44 1% A A 1Y 25 Y A
TypeRef ¥4t/ Type,

resolveFunctionHeader HENF 2 F7FIREREXHE S IATHIAL B, H foreach i)



158 B9T EBXAIT (1) 5IBHER

% func.parameters () #HfTHF, BHFERIESH Parameter ¥4, RJ5H param.
typeNode () U Parameter XA ) TypeNode X4, ¥ TypeRef il Type.

HAETEKIE S0 TypeRef ¥k Type B #iH T TypeTable 2K get ParamType J7ik.
THEF I get HIEAXHTETEAM TypeRef S8 NIEE ) Type., CIEF (Cb) HIE
SRR GO T 56 255 R THREH A, AL S — U RS A

2 RECE LT A1) TypeRef BV T Type, ZJ5 R L HIRIFERY A AL FRNI A %)
ZEI I RBITT . BURNZSTE S % cbe ITRARAD

T FE AT ARERN T R L



B ot (2)
RO RBINEE

RERMGE—TENSTHLAEBSEENEN
SRS BUAERAVAIE .




160 | #108% BXHT (2) HAEKDHS

("0, 1‘4 xWEL MRS

ARG A “void FERIFPBA” XA IERAIZERLE Lo

[ insmimes
AT A S T 3 A

1. 84 void BOB4A . Ak, BEATA

zﬁA EE NS, KA

3. EHE XM, BAH

BRI, 551 SRR void [3] BEEIORFA void JMpL RIS TH A 5 45 2 it
A 24 B 2 AR 4 R g R . A TR TR 5 3 ABONIET, R R h
8 H DA LR . BT, Rl CRECh A O AS”, 2R, BERF
HTKRERE L

struct point {
struct point p;

}i
XN SR EEACAS” REEEOTACAS, e RN A A S Z
WA R . FInRIA P EF, A e R X R A TE s A [ T

struct point ({
struct point *ptr;

I
NIA - A B RO R SC, I —IREBERE AR ok, i85 W T Frs Tl 4246 20 L
MITENL, WA e,
struct point_x {
struct point y y;
[

typedef struct point x my point x;

struct point y {
my_point_x x;

¥
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BRG] typedef fE CZEARY, PRI At ok B BB,

SCIAIE

“BLT void HYZRAY” R AR5 EEAE RYSRAYT BT DUE R e A AR A, SR AR L
g, AFEARTMES . RIARBERXTE UL, 1H25% cbe BRICHS,

[P TG A “PEERE LRI W5, AT IR By S RUAS A 75 BN A e Uy
YEE (graph) KB,

— RO, vk BT, AMTERIM PRI LR EIE, BT BRI,
Y BRI R AR

10.1 B2 EER R E R B 5. B A S AN, SRR (node ), JEHERL
HILFR B (edge ). AFAE T RIMERIEIFR B BB (directed graph ), JAAELE Ty [ A I FR A
FiE B (undirected graph ),

101 BEEHHIF

DI ERERLERIEL, AN A VRO L, R BR AR i, sl LRI G I) SRR o
KSR S G R BTN, AT DR AR D 35 5, K iR B A SR A 5 | I A il
BIANESA PR B 5E S, R S PR RO BIAE 19 i, 1) il B A 2R R B R 4 — kil ]

typedef HIHHLT , HEBrE LHIZRBINE N L, [0 JFORMZERY 85| — kil
FARFB— DI BUEIRBEA WF BRI E Lo

struct st {
struct point pnt;

long len;

b s
typedef unsigned int uint;

struct point {
uint x;
uint y;

IE
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E 102 HBEXHE ( REERREXHER )
WER B ANEINE L, AT SRR E SCR RIS, TR h BEAL b e FETE A 3R . IRERSE S L

THERAE 10.3 s,

struct point_x { @
struct point_y y;
i

typedef struct point_x my_point_x; @

struct point_y {

b

B 103 HBEEXWE ( EEBIFEXHIER)
] WE AR, KR BATEE I E L, R Ismlae U K S A7 AE A R R AT

[ amE AR L

P b, B ISR SR s T 1 o 2RI 1o [ iR R A eI 3R, al LA

(CURER IR

TLRBEE—NTA (XE) FipEh “THep”

2. BEBACKIE R G 51Z7 2R =

3. WMRIFEEF AT SREREEMRE, WEZY S8 Bkt nRiET “BHE
R, WABEMAIE, REZ RN S, WRELfEHh “SHhd”, MEBEERART

A NSRRI TREETE 2R3, WRELEXETIHEONBEERTSR, WEZTRIEA &%
SR, FIEREIRE

5. B FRASENFFED St TAE, uRERIBETEFBE "ERP” KSR, 5k
BB RFETE A ER

AT AR ERRERR” AR i, 25k e

AT AR VTR AR G Vi), AR R B FORIY Y A WRIESI T R
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A2, UL MG AT R B — Y AR B AP bR b kb RS
PRSIV 2 VAR, PTRER — TACRS B2 5 B o W LA TR] SRt o — T 2R LY

K, 18— P P — A

[ stttk BEAERRBEIRENRE

YT IXAARED:, FHIRAPRE— TG E LAYKEL checkRecursiveDefinition,

WSS B 10.1 FioR .

RAELEE 10.1 TyptTable#checkRecursiveDefiniton ( type/TypeTable.java )

protected void checkRecursiveDefinition (Type t, ErrorHandler h) {
_checkRecursiveDefinition(t, new HashMap<Type, Object>(), h);

}

static final protected Object checking = new Object () ;
static final protected Object checked = new Object () ;

protected void _checkRecursiveDefinition (Type t,

if (marks.get (t)

Map<Type, Object> marks,
ErrorHandler h) {

checking)

h.error ( ( (NamedType)t) .location(),
"recursive type definition: " + t);

return;

}

else if (marks.get(t)

return;

}
else {
marks.put (t,

== checked) {

checking) ;

if (t instanceof CompositeType) {

CompositeType ct = (CompositeType)t;
for (Slot s : ct.members()) ({
_checkRecursiveDefinition (s.type (), marks, h);

}
}

else if (t instanceof ArrayType)

ArrayType at
_checkRecursiveDefinition (at.baseType (), marks, h);

}

= (ArrayType)t;

else if (t instanceof UserType) {

UserType

ut

(UserType) t;

_checkRecursiveDefinition (ut.realType (), marks, h);

}

marks.put (t,

}
CRFVLIE SN U TRER N

checked) ;

b i

gJany

s BT RO K Type MR FIE BPIRES M N — AR A7 1E
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Map ¥% marks 17, K& LWREENE S, FREXTZIFBA RN ELE, cbe ot
static final BB checking il checked I{{HZY Object BYZER], LIHSERAIRE.
¥ LRSS HARES , WRPR, WEEEHIEHE — T,

void checkRecursiveDefinition(Type t, Map seen) ({
if (2Rt BREA "B
i $51RFF return
1
else if (t MRS H "BEHER") {
return;

1

else { // ERIHT RIS EEIEIRA
%t FoEh “EiHD”
el PR AAD € AH4BM T & (A checkRecursiveDefinition)
¥t ioEh "BEERER"

iRtk BRAIR . B, typedef FTE LHIZRAIISMZR A R HBCR UM £, IR
TR 4ARBILISE, A OLTEAN PTRE . AL S RSB E RIS, O A2
HIEERCRSE, i AN AT TR
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FREAPBUMERE

AR “1=3" “&57 XFEICHORE A A IEG 2R TR A o

DR

AR R A QR X e R

o AT EMENRAXEE (6. 1=2+2)

o EMIEMNREZ AL (F: "string” ("$d\n", i) )

o BAEFEAEEMEASIA (1. 1101 )

o BAEFAEXMMESIA (. 1. memb )

o BIERAERMNTsEEIEESI A (. 1->memb )

o WIFEE X REUA (. *1)

o X IEAEHFIA B

cbe HAEPRH_LIRF BT AW type HLEGECEAIR), il SemanticError &+
o AN, HRAEEL (operand) FEHIE x+y THY x 3f *ptr THY ptr XAERIVE NIE BTG ) 3%
ik,

NIFFLRSCEL cbe BF, L iRKG A RN — B B i g S Bk A (R B R4 710 o L [R] Ao Ak 3
SRR MU SR R F A R A, DRI SRR A B 25 Pt 52 i ek = TPk 2

STIIROIRE

AR Z BT = R R I kA, IR R A AR 2 . &AM =AY
B2 0L, PR B A R R A R BT o ELA B - LA R n) A i) vk n 2R 10.1
Fs, HrbadE TR SIS ),
= 10.1  [EREING T %

BlERERFRIER RG] iz %

1=243 KELHEE N TRENRIAR

"string"("%d\n", i) KWERENNXIESZIER RENTEH

1[0] KREBRERNLEET2EASIES

1.memb EREHRNEBZE2MEMR memb LA EL SR




166 | #10% BEXH (2) BELEKRE

(%)
B HFRIE X RE 7 ik
1->memb KEREHN LR TREBEP AR memb WEMEREKESEIFEEH
*1 RERERNENE TR IS
&1 KRERERNXAETRIMENTIE
++1 KERERNXBR TR IMENFIER

R TR AL 7 95 KRBT 7 A P2 A A RO AU A m L B ARG A VR B 26 o T
HoHbE AT AR AR TR, HAbs TR

TN, BRIASUEAS A 1 FR RSB AT RE il th S, DU SROAN 22 2% B4
AREEHEATIOAS , oA W S AR, N, i A Rk

F*kk (14++4)

LIRFR K RVEAE T 1440 (HIRUERTER A ~ AOEVERT R E R e, IR A7
T 14+ BRAIRTEL S AR AR R . GERUR “1a4” “% (L44)7 “x* (L44) 7 “xk* (144)7 HP
e, PSRt 4 MRS SRIMXS TREF RORUE, 75 B MU )y B 1+ + X —
b, BT DAERAR A0 RAG T 1 AR

AN 1R W ROE RS R S S S, AFX R A A R B0 e w, IRk 3
AN REEBRRNZ 2ZAE BN AR AEEBRIRNZE AL, XUCRH TiEa AR
o RAMRRE, Bzl s gR skt . XFERRRESH S0k & AR EBIR, XhE
FE— IR Gt P B T AT 8 22 Mk R R

DereferenceChecker %89/35h

LRI EAAF —T DereferenceChecker KIS, FIZaT—HE, JCMIIRTTE pREL
Jfi, DereferenceChecker ZSAUMTE PRELUICADIE M 10.2 TR .

HK#3iFH 10.2 DereferenceChecker FI#iE & ] ( compiler/DereferenceChecker.java )

private final TypeTable typeTable;
private final ErrorHandler errorHandler;

public DereferenceChecker (TypeTable typeTable, ErrorHandler h)
this.typeTable = typeTable;
this.errorHandler = h;

}
DereferenceChecker JSH1E B S A TypeTable X4l ErrorHandler X142,
TR RE R A MR RIZER0 )@ A . DereferenceChecker ZERYEMANIL 2 NI o
4, TEMA DR check JriE IS W LIS 2 10.3 Fis
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{R#3;52 10.3 DereferenceChecker#check ( compiler/DereferenceChecker.java )

public void check (AST ast) throws SemanticException {
for (DefinedvVariable var : ast.definedvVariables()) {
checkToplevelVariable (var) ;

}

for (DefinedFunction f : ast.definedFunctions()) {
check (£.body ()) ;

}

if (errorHandler.errorOccured()) {
throw new SemanticException("compile failed.");

}
}

ZITEETA 24 foreach 155), 55 1 4> foreach iEHJX 4 RN & ( ARG TRARAD ) 78 —Ab3E,
2 2 4 foreach 1E/A]X] BREGHA T8 —AbBH . X HE A AL AT DIAERE Al 7 4305 s A T ARG

SemanticError SERHTE

ZHiHE3| T DereferenceChecker KB1E KRNI S8 IS 2EM KR, B
SEibIRATRE — T LIRHLHI S, AbEERR P B T XL A 19 45 BlockNode RS Qi it i 5
10.4 7R o

358 10.4 DereferenceChecker#visit(BlockNode) ( compiler/DereferenceChecker.java )

public Void visit (BlockNode node) {
for (DefinedvVariable var : node.variables()) {
checkVariable (var) ;
}

for (StmtNode stmt : node.stmts())

try {
check (stmt) ;
}

catch (SemanticError err) {

}
}

return null;

}

55 1/~ foreach 15X 7E 2Ry He v 7 B (19722 1 ) A A A R 2R 730 ) o

%5 2 4 foreach /)RR IR FF PG . 0B MEREEEH try ~ catch @
HRAHIR SemanticError #HEEF . XHY SemanticError & “ToikIRICGEAL” Bl
MR 2 . ORI ST A R RN BB S 37 Rk M RTiE ), B2 T —if b,

e R REVEIR RIS S
PELTAN B — T RE A W F5AHRT




168 | %10 BEXHIT (2) BAXEKE

KA R AR LA, TR A ISR A T 1 A B — R, SRB— P S Uis.
TR RA R ER G, 1ER0TE — N RRBUEZESF (*) I DereferenceNode
AAEEE (FRRSHE IR 10.5 ). %07 IR A IUELE T AT AR VR R B A5 O 4 B o
KR Y;EE 10.5 DereferenceChecker#visit(DereferenceNode) ( compiler/DereferenceChecker.java )

public Void visit (DereferenceNode node) {
super.visit (node) ;
if (! node.expr().isPointer()) {
undereferableError (node.location()) ;

}

handleImplicitAddress (node) ;
return null;

}

B, il super.visit (node) JAIEZE visitor B AR T EAEE (node. expr () )
( B A4 R4 ).

E, WHEFS node . expr () B isPointer Fik, MARAFSIZEAEE 8%,
RIS A A5 T LA T . AnRITCIEIUE, W] undereferableError Jr ik ik iz .

J5, JH handleImplicitAddress JiiEX A AT RECEAIIATRAOIALBE . 24k
FEAFIEE oK AddressNode MIAHEARSC, PITE VIR 7E AddressNode Z AT .

[ skEvaE A B R e HOie e

PE KA BAERCE S N AAERIB T, RITRE— T Rtz 84710 AddressNode 11
A3, DereferenceChecker 25 ibH AddressNode ACAB AN AL B 10.6 fiT7R .o

R7E;58 10.6 DereferenceChecker#visit(AddressNode) ( compiler/DereferenceChecker.java )

public Void visit (AddressNode node) {

super.visit (node) ;

if (! node.expr().isLvalue()) {
semanticError (node.location(), "invalid expression for &");

}

Type base = node.expr() .typel() ;

if (! node.expr () .isLoadable()) {
// node.expr.type is already pointer.
node.setType (base) ;

}

else {
node.setType (typeTable.pointerTo (base)) ;

}

return null;

}

HEX node . expr () M isLvalue ik, Kift sexpr F expr & &2 0] LI TH
hHHAER SRR
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ExprNode#isLvalue KA %1 nl i RBR BT REGIRPUBIE R TT k. Cb AR
10.2 FHFI2E (Y 5 FhFAARE FRBOMAE .

%102 CbH#EfREUhIHRERN

FixH TR cbe BT s Fix R
L2514 VariableNode var
BRG]l MemberNode st.memb
BITIEFHA R R PtrMemberNode ptr->memb
¥AsI A ArefNode alo]

A DereferenceNode *ptr

ExprNode LT isLvalue LA MIAEH—HEH 2R 9] false, B isLvalue i
HINMEN false, M 10.2 Y 5 KUK H LHSNode, 7F LHSNode HHE isLvalue
Ik, BHARIMEB SR true, HILRA FR SN 8AM isLvalue HESRI true,

T4 HITE A H FHIE AddressNode FJZ5A!, il% node.expr () .isLoadable () &
R true, BIHAT else #ATHIALEE, sexpr MIZSHIEFE 0] expr ZERIFE 5T, RILHE M
node . expr () . type () BIFEEZSHIAT LIAE AT S AR 2R AT

BastAgIE SRR

TEART IS, TN TRII— T BaaX a8 5t A4 Ui,

C 15 Al Ch i BB 20 280 B ok IS Y () A8 e R B sl R By b kb . i dn, R s i
puts E’J%’éﬂﬁﬁlﬁ%@ﬂ (*ﬁﬁ%yﬂﬁlﬁ%/ﬁ ), ﬁlg/é\ puts il &puts ﬁ%ﬂﬂ"]ﬁ%*ﬁlﬁlﬂ/ﬁo K1t
fCHEE R 10.5 I A handleImplicitAddress Jy BB E041 2B Bl sk B B LA R T 48 )
B SR B FEE, BIRRaC A s E 2

TEX put s BZEAVE B4R ] pRELHIFE BRI, IBA0F sput s BUZEHBIL IS N5 1] bR
Bt . XU 10.6 Y then #7—— node . expr () . isLoadable () Hfi
LU, Bl node . expr () WIZSHELZELH s AT O T A TRRINAb L, (#15 sputs A2ETY
il puts BYZEAIH—2L

] R 7l A LAY LTS ey B i £ D VARG A8 == 5 W (E R VAT DAY TP (€ DU TR B L
P A A R AT, SRR, AT 11 sl 2

BIFAREIHNBT . puts BI81REIRE, FILERNBUEZH »puts FIZEHIE pREL
A, ABIXRE X o B 4 4 ] sREUHE . *puts RS M BREU AR SR, RUA IR AT
VITHUEIZ B, 3R S o8 m RO de 5t IRIXFERT IR E SR N X bl CiEw
“sputs” “puts” “*puts” “**puts” “***puts” MEHAREAFIT.

cbe HHL A ST ST I T BOWAS I AR TE




SR

JUTFFTA CIEF (Cb) HYRRAER A ER 2 RAG iRl . Blingsfa ik Z ek M + ##17
Ikis 5, fREFREEZ M TCTE R « TGS, UL A SEAN int BIR RS
LI AP A5 R

CiEH (Cb) TEXMERIELLT 30 ARV R ERC AL A T RR . B4 * 54 Had T2
FATR BB Z 18], FE it B2 A A S AT S XA Y BRI AL P 2 B S R B & (static type
checking ).

AR CIET (Cb) XHAEEIGI AL B R BRI, H 55 —J7 B RV EECE R faat
et Bl —ociz B+ HARVFTEAE 2R R A R g Rl 7o HR QSR AE AN [ 2R A R0 = (] i
17+ i858, HTRWSIERIZE, GiEas H B B T T it . SRR B L S s R by B
KB (implicit conversion ), FIU1, 4 int FRAAEA long KA TRILIZFRT,
it 2 M RAER S — R 1ong 28AL,

H TR A A AE, B R T A FER B T s sy, SEIFaE it
SRS B EBGHA TR AV 5 T T2 5, T AFRA TR B * #524E A Bk Ud, IR AH
[ R ERCA e 1B 5

TAh, TE— SRR ORTRAT e R RS O TS R A R s B ol dn,
return R P EZETH R EGR [FHE AR BN — 20T, A2l ok pREIGR [MHE 2R, Rz
ST A Ry R A A — SR A A I R B Y pRERGR TR B AR F R Tk R o el s, AL
HREH B ok U E R 2R A

TEHS ARG A i B rhth & S0 PR 2R A e 4ot

SCIRAME S

cbe H1 i TypeChecker KM TiHAS KA A . WIHTHTAE, TypeChecker AN NZA A
FE AR Ay PN PR U A X W 7 T . TCIe MRS A 3, 10 R a7 S b B A R mT 2
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ARG A R 0 (Fa58) BYRRME NS TR A, Yk A i 4 R 5 SRR A A S R i R
fill cCastNode XZHITT,

Fgn, A — KA Itz B * X BinaryOpNode X&)z 5 . * Pillag Rk
WA A R RSB SR, PRI SR A A R S A A A S R AR S R 3, SRR A2
B

R e A Gk sUH R BUE 2R A, 10 ] REAFAE SR AR — By s Ao 1) an Zc I i 28 88 oy
signed int, £ifll’4 unsigned short MIHH T, BAAAUK A unsigned short 4k
N singed int., XETFEAMZEAR PRI TN signed int 28I castNode BIFA],
DORE R T e B g A B SR 52 AR T o

Cb iR (EEfy2RY

KT HAR A, THFRATA M E A — T R AR

Ch Wiz B P AAE R — LRI AN 3R 10.3 fin . AT WLFN C B 5 56 —20, U5 T Cb sR%Um)
IR MEAN R ZS ARSI G A, DA SES RS A AR AN B FH A B EX AR BR . 534k, ©
HEE SR B AF 1 [4] XFEMRIR, (HAE Ch h i
%103 ChHgtREKE

WEFRHFRIER BR

TE Bk void 2B PLSH

E A E B IEE

A B3R E{E B IEE

BRI S B S IE s A

B LS B es S

return BI{& BEEIEE S A, HEFERENEX
FHFRIER B IEE A

switch IBAI M EHRIEAR | B

cte t 0 e AMEEKE L 4. HA
X+y x My 2 RI2IgE L, & IKEEEMNEL
X -y x Fy o Rl2igs L, N&HILKEIEEMNEEL
X *y x F1y =LA E N L

x/y x Fy RXEIBE KL

X % y x 0y 2XFERMNEL

X &y x Ay 2K FIAEE BB

x |y x F1y =L B E L

X"y x Fly KB E B

X <<y x Fy B X EAERE L

X >>y x F1y 2X A E N

X ==y x fy RREBERINBE . 55T, H4A
xl=vy x 0y REFBR L. 54, H4A




172 | %10 BEXHIT (2) BAXEKE

KWEIFHFRIEX PRI

X<y xfy R2XEBEBE. 55, FA
X <=y x F0y RETHARNBE. 154, #4A
X >y x F0y REIGAR ML, 154, $4A
X>=y x F0y REFABRNEL. 155, ¥4
X &&y x Fy 2 EARE HEE

x|y x Fy REEHB R M EL

+X x 2B

-X x BB

~X X B

Ix x BT S A

+4X X 2B IEH

-x X BRI

X++ X B RS FEE

X-- X BB IS

f(a) f RREIES, a TEREfHENX
alil a 2IEE A, | ¥

*p p FEEr A

&ix X ALE

(t)x PESESINEI R S E it

R RS BAIEMEN REUE S B KR BRIES R RS AT, s
o el

Bast A RIsE

THEFATHEM VT C 15 F TSR G

C BT hRiErh Pric sk o U2 AV AR 40 A R I AE 2 &2 2, (R 2R 2% B A [ 2 19 CPU Al
OS WIELRI AR L T, char MK EE 8bit, short AYKJER 16bit, int Ml Long KK JEE
32bit WYEHL T, R .

1. 8% signed char. unsigned char. signed short. unsigned short ## A4
signed int, BB TRATBLEEAREZNER

2.# 88 unsigned long. signed long. unsigned int. signed int B9{LFCfFiE B
B, (EPENEEME

3. A% — AN unsigned int, F—FH signed long B, B ML —i unsigned long

B FiEXAE (unsigned char 221 ) * (signed long Z8M) BN, IKEHE
FEEIAR S KA BRI BRI e e

unsigned char x 3;
signed long y =
return x * y;

3;
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HMRAE I 1% unsigned char ##th signed int, P signed int Fl
signed long, SR 2, signed long WML E =, KHILK &S — N signed
long, %&b, ks Bk MR FIIR.

(signed long)x * y;

B AS 0GB X5 AR et NS Al l, B C 5 B0 H7 2 B p e B R BT
H O IHE T G 20T DB N @S 2 b . FU2 Ch i g . HE A Rl i
Jr AR AN C 18 F AR PR, DR 0 58 2 R 45 B C 15 5 MR SR . (H VRS,
EH AL INA Z R E X

TyperChecker £#9/=25h

X I IR FRATE S A PRI R T . KR MG 1S AR S, TypeChecker A
PRECNAISTE 5 10.7 FiR .
REZEE 10.7 TypeChecker K& E L ( compiler/TypeChecker.java )

public TypeChecker (TypeTable typeTable, ErrorHandler errorHandler) ({
this.typeTable = typeTable;
this.errorHandler = errorHandler;

}

TypeChecker ZEMEEALE TypeTable ¥4 M ErrorHandler ¥4, Xalmi&il4ln]
g
&, 1EN TypeChecker KM A L) check PREANMCASIE L 10.8 N,

3758 10.8 TypeChecker#check ( compiler/TypeChecker.java )

DefinedFunction currentFunction;

public void check (AST ast) throws SemanticException {

for (DefinedVariable var : ast.definedvVariables()) {
checkVariable (var) ;

}

for (DefinedFunction f : ast.definedFunctions()) {
currentFunction = f;
checkReturnType ()
checkParamTypes (f)
check (f.body ()) ;

7
7

if (errorHandler.errorOccured()) {
throw new SemanticException("compile failed.");

}
}

TEZITIEA, 55 14 foreach i) 42 Ry I B E SCHEATIR DT, 5 2 A foreach 1 mIX pRI%L
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A AT T, SRR A
2 1/ foreach 1) di AT checkVariable J7 ek 2 28 B AR B Z A MR void HY[F]
A, XA ) AR AL ks S T I

%5 2 /) foreach 1E/H]H{Ii i) checkReturnType Jy kA sREUR [FE SRS A N EZE
Fatk . GRS . XEHERE T, Cb i eRECABER IG5 AR BB A 14

checkParamTypes JTikK 2 AL SRS B MRS MR . BEA R void, Bk Cb
TR S BN SRR R 25 R AR sl 1A

HJEWM check J&l IS s, & ARSE SR RE, @i check (£.
body () ) X EREUATES T i

%' Iz SRR E

FE TR SN 4517 S 2RI A MR U A4, TypeChecker RAYSEIRTEM T o
YRR A PR S B A 3 i 1), 1EFRATTE — T FRR Ztizs i 17 4l BinaryOpNode 28
fIabHE, TypeChecker 143 BinaryOpNode MU AN TE 2 10.9 Fis .
RAELFE 10.9 TypeChecker#visit(BinaryOpNode) ( compiler/TypeChecker.java )

public Void visit (BinaryOpNode node) {
super.visit (node) ;
if (node.operator().equals("+") || node.operator().equals("-")) {
expectsSameIntegerOrPointerDiff (node) ;

else if (node.operator () .equals("*")

|| node.operator () .equals("/")

|| node.operator () .equals("s")

|| node.operator().equals("&")

|| node.operator().equals("|")

|| node.operator () .equals(""")

|| node.operator () .equals("<<")

|| node.operator().equals(">>")) ({

expectsSameInteger (node) ;

node.operator () .equals ("==")
| node.operator().equals("!=")
| node.operator () .equals("<")
| node.operator () .equals("<=")
| ) (
| (
t

il
node.operator nn
node.operator () .equals (">=")) {

.equals

expectsComparableScalars (node) ;
}
else {
throw new Error ("unknown binary operator: " + node.operator());

}

return null;
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B, i super.visit (node) WHARZIS visitor WISEEL, Bl BinaryOpNode
MELUTFRI A, LY BinaryOpNode W) left (AR :) fl right (HFFRIAX) #1712
RUR A R 4 Sy T IES I T 2R A A0 BRI — R R4 T LR Ab B

4, B4 node . operator () WA HFALEE, node.operator () W17 M TERR
FIIBFELA w5 v SRR A R B R M pR AR, RERPa S A BR A A ARTR], P A AR
[ 1) Fﬁﬁi‘ﬂﬁ}éﬁ}: [Ny e

AR e RN v BT ER A RIBA TR, SO MR, B
NAHIRIZERI AL, expectsSameIntegerOrPointerDiff FijEkr ik PR ) ik,

24 v g g e e negn s s SO TR AT EDR ZE A WU
TR A RIZEII %L, FH expectsSameInteger Jikkf FiRFR G TR A .

e V8 n== = nen e s s o SEWRSEALT . ZHIBEAATECR A
FRU IR A [RI 2SR scalar B, scalar 75 C 155 2380 A | F84F DL S 2R Y
BFR, F expectsComparableScalars fiEXHZRHI TR A

Pl expects ~ ki sR Y SEBURBCAR A0 A KA U 2R AL 2 5 A TR a2 A4, Rtk
BATHTEFRH AW — RS, Kgr vxn Fil v /v FERIEBAN expectsSameInteger ik
AR ANACAS 5 10.10 7R o

3758 10.10 TypeChecker#expectsSamelnteger ( compiler/TypeChecker.java )

private void expectsSameInteger (BinaryOpNode node) {
if (! mustBelnteger (node.left (), node.operator())) return;
if (! mustBelInteger (node.right (), node.operator())) return;
arithmeticImplicitCast (node) ;

}

5 1A it AR A A B A AR S R, WA mustBeInteger ik Hiss .
P if TR A MIFER R I, RN [ERE mustBeInteger i fist .
)i, VM arithmeticImplicitCast Jidfi ABRECZEBIEE 525 R AL 3T,

Bast S RUGEIRAOSTIR

o R ) arithmeticImplicitCast JTEM IS U CAS IS8 10.11 FTR .
RELFE 10.11  TypeChecker#arithmeticlmplicitCast ( compiler/TypeChecker.java )

private void arithmeticImplicitCast (BinaryOpNode node) {
Type r = integralPromotion (node.right () .type());
Type 1 = integralPromotion (node.left () .type());
Type target = usualArithmeticConversion(l, r);
if (! 1l.isSameType (target)) {
// insert cast on left expr
node.setlLeft (new CastNode (target, node.left()));
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1
if (! r.isSameType (target)) {
// insert cast on right expr
node.setRight (new CastNode (target, node.right()));

}

node.setType (target) ;

}

B\, BAAmMERAXAEA integralPromotion JEESH] int ERILLE, R
¥ char 288U short ZEMIEA N signed int 81, XFEAVEHTE C 1B S DURLYE AR B
B3R F (integral promotion ), integralPromotion HiLAYSLIL LA IR . Hik, XETUE
W&, HHES R,

EE W usualArithmeticConversion J7EERBUS B I B0 EHCES A, fiAeh 3%
IRAROT HSEBIRF G EOR IRV ERCRAY IR T4, AL ] newCastNode Jiik
A castNode JFUSINEN A AT

B E N EERCEA WA ERME 2 T, XBEREZ—T, HA unsigned int
Ml signed long B Si— N unsigned long, HALEM T4 unsigned long.
signed long. unsigned int. signed int WEICINE RS — AR, FikkE
AE C BT MPRIET IR ) I EEHEE: (usual arithmetic conversion ),

usual arithmetic conversion 1) L W, [ & 3C 5 ¥ W], B F W 05 5 H .
usualArithmeticConversion J7ikRACHLHEZEARADIE 5 10.12 PR,

RFL;EHE 10.12 TypeCheckerf#usualArithmeticConversion ( compiler/TypeChecker.java )

private Type usualArithmeticConversion(Type 1, Type r)

Type s_int = typeTable.signedInt () ;

Type u_int = typeTable.unsignedInt () ;

Type s_long = typeTable.signedLong() ;

Type u_long = typeTable.unsignedLong() ;

if ( (1.isSameType (u_int) && r.isSameType (s_long))

|| (r.isSameType (u int) && 1.isSameType (s _long))) ({

return u_long;

}

else if (l.isSameType(u long) || r.isSameType (u long)) {
return u_long;

}

else if (l.isSameType (s long) || r.isSameType (s long)) {
return s_long;

}

else if (l.isSameType(u int) || r.isSameType (u_int))
return u_int;

}

else {
return s_int;

}
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1A 1 1EA T4 unsigned int fl signed long MEM, ZJ5M unsigned
long. singed long--:- HINT Y 58— ZE AT A E AR 2R AL

o
¢

¢
14

ASERBNENEEES

cbe MBS KBS E 2 NI S AN A T 15 s FF a6 fROR T KB THRIA, BIE T CAKE
Hiho W COMIMRIB AWM T H A h NS primary, JEERE “TE" “REAR" = “F
HE", X3IENXEZPHINMN, TEMRBENXLEZHEFAF N, TOSHRTIHE
SHNTREREN . BEMITFT5 S FF26 8 i L # 7B — E AT B RIA A KE,

FAE—TF, LRk —FE8 Vi LH#HFRELES, flw, BECIH_TZER + WA
MFRAERA A MRIAX A EEE LA into A + WA MFRARNAMAEMRIAXEBRIZZ int £
B, XEREME, EMTME L b TERRE,

B L R HAE X E SRR AR? B Ei NbEERE, EHREL FHEMFIEENT
FHRHKE, REFRTUAKFEETENFBMEE, RFXHE ER T HEREANLEN
ERRAEBIHEES: (type inference )o

KA S L AT Haskell i ML ZiFB#EIES ( functional programming language ) =4, #0
RERFRTU T KIS ThEE, AR TUERASHTENREFE, FRFEANES,

EFREMSABHNBRXE, BGENEE T IREES 22 EhNBHEE,



FRIECES AYEE 1

REFNAR cbe FEIBRIEY, LIRMNHRIE
AR RE RIS .
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cbc B A]{KHS

AFTRATPRAZH—TF cbe IS AIZE

SR ETOET R

cbe B A 2105 B8 AN PR g A DG - 45 Modern Compiler Implementation W T FH Y 44
K Tree MR, B L, Tree J&—FRIEL5H, HAFIEZRI R, 1) H oy 545
MARES o

BARASTE 2R 11,1 A Cb B2, 7F cbe gt an & 11.1 B iy et ,
RAEBEE 111 inc.cb

int

main (int argc, char** argv)

{

return ++argc;

}

<<Bin>>

<<Return>>
expr
<<Addr>> <<Var>>
entity: argc op:ADD entity: argc
left right
<<Var>>
entity: argc

& 11.1 Cb#hERHE

cbe FYPEMCISRE R 2ER)IER) (stmt ) FIFR, FAHERIEX (Expr) AE5W M. U inc.
cb M|, Assign Fl Return NiEH], Var., Bin. Int NFEAIKL,

JEA inc.cb T HRA 1 &ifA], PR HEHIHEL T Assign fl Return 2 &kifif), 51X
FEFEREAG 3 v (B AR F5 15 R 1 A9 0 2 Ui LAY o

FIFF cbe apA PRI ¢, AT DA B AE b e RS . s b E O, T RIAE
PUT cbe ARAHTEIN - -dump -1 I,
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$ cbc --dump-ir inc.cb
<<IR>> (inc.cb:1)
variables:
functions:
<<DefinedFunction>> (inc.cb:1)
name: main
isPrivate: false
type: int (int, char**)
body:
<<Assign>> (inc.cb:4)
lhs:
<<Addr>>
type: INT32
entity: argc
rhs:
<<Bin>>
type: INT32
op: ADD
left:
<<Var>>
type: INT32
entity: argc
right:
<<Int>>
type: INT32
value: 1
<<Returns>> (inc.cb:4)
expr:
<<Vars>>
type: INT32
entity: argc

R A AU LE SRR P A CRS T, ] LA T XD B it P e AR

4R F FhiEl SR Y 2

LR BRSO 2R UNER 11.1 s
F 111 AP ERERZE

IR Object o E R AL E R

Assign Stmt (&

CJump Stmt SR AE

Jump Stmt T & Bk

Switch Stmt Z X Bk (switch )
LabelStmt Stmt % (B BAR)
ExprStmt Stmt NEE—PFRIEXEED
Return Stmt return

Uni Expr —Jtiz®E (OPe)
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(&)
ES HE ax
Bin Expr —tiz&E (10Pr)
Call Expr EEOE
Addr Expr Bt ( &var )
Mem Expr BUE ( *var)
Var Expr TE
Int Expr BHEE
Str Expr FHEES
FIATTE AT Y SRR K A stme 28, SRR R4k B Expr 25,

MR 1Ll A, HRMGEER T 28, R A2 AN R R . g
A R TE A IR AR AU SR 238 30 28, i S TR AR 16 B PRIOAS B 9 DCHEEAE
THAAT A (7 ARk Fa Rk A ER A R Y 25 o

AN, cbe BRI R AL 1 B while XSS HIE ), ERKERBEIER
(jump statement ) R SLHRMEERE Gl BREAEARLIT CIBF (Cb) HY goto 154], REWS ML
F| [l — R BN AR R A] . cbe MR IEACASHRAL T caump (55MFBkEE ). gump (TC&MFBESE ).
switch ( 240 3Ckfs ) 3 kit iam) .

—MAEOL, ALESE T AR S R A B R 2o FF Chb TR E MR — T AR
HA B 48 A AL AR 5 RME, Dt St 7 rh () AR R Rt AR 1 o B2 i b 1) BLES 1 75 7Y
FRIE A5

[ ehigtaass st
MRS 45 TR R 112 .
#1112 REREHAKNOREY

ES B aX
Assign lhs T ZEFRIAR
rhs T E A FRIEAR
CJump cond FHFRIER
thenLabel FUHAENER T B E B AR
elseLabel FHMBROER T BB E B AR
Jump Label BkEE B AR
Switch cond FHFRIER
cases HERK AT B ARA R B R
defaultLabel BIABIBREL B AR
LabelStmt label % (fEE B BARMIT & )
ExprStmt expr WITHFRIER
Return expr FBREMENRIAL
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(%)

ES Bl ax
Uni op BEENTHE

expr BATFzEHRIAR
Bin op EE TP

left EFRIAR

right HFRIE
Call expr B GNE e GBS

args ST
Addr expr FREUHbHE 9 FRAX T
Mem expr BEHRER
Var entity DefinedVariable %
Int value (=]
Str entry ConstantEntry 3 &

bR TR 112 hEEZAN, A FRIEA]T S Location ZERIMYJR A FRR IR AL
B Type BRI @M, HAPpFRRFIAXT A0 Type BRI ES N IEFTE K Type AN E[A]—
KA, XH & net.loveruby.cflat.asm.Type, IMESNIEIHEHT Type 2880 net .

loveruby.cflat.type.Type. 25 nHiX #E S A asm. Type Ml type. Type.

[ chiat RB RS B SRR

FERIBE A asm. Type 2KEFIH Javas 5] AR enum B XY, JEHEAET ZFE 11.3
FIr s R SEH

*11.3 fERBHER (asm.Type 315 )

KR Z aX

INT8 8bit %,
INT16 16bit B
INT32 32bit B

Wit 4’5 Type . INT8 8k Type . INT16, HEAEMSIKH LR (. 7F switch A
case WA LIAAEE “Type.”s

Uni Z5M Bin 280 op JEBIERIZRELE Oop, oP 2Kfl asm. Type —HEEHH enum & X,
Op SRR 11.4 Fis,
F£11.4 HERBRYIZER (Op XK )

ADD A% (+)
suB BOE ()
MUL E A
S_DIV HRSHBE
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(&)
BHE aX
U_biv TRFSHEE ()
S_MOD HRSHBUE (%)
U_MOD TS HEUE (%)
BIT_AND BAZHS (&)
BIT_OR RAZHE ()
BIT_XOR RAEEFE ()
BIT_LSHIFT BEAR (EFS. <<
BIT_RSHIFT BEER (EFS. >>)
ARITH_RSHIFT BEER (S, >>)
EQ EE4R (==)
NEQ EE%Z (1=)
S_GT BHFSHEELLE ()
S_GTEQ BHSHEELR (>=)
S_LT BRFSHEELE (<)
S_LTEQ HHFSHEELR (<=)
U_GT TS HEELLE (>)
U_GTEQ THSHEELLER (>=)
U_LT RS HEELE (<)
U_LTEQ TERFSHEELR (<=)
UMINUS BR ()
BIT_NOT P BUR (~)
NOT ZEEE (1)
S_CAST B SHENEE R
U_CAST TS EE f B iR

asm.Type fl Op AIHFSEFE T A (asm. Type ) iS5, UM Z A E1EEZEE4F (op)
PR PSR 5E B PLaHES 1982 SRR ERCH TTA-5 M= A 224k, P b ) R
AT BON IS S AL S 5, X FEEA A BT Bt R IR L

T8k, A h A g5 . B AR . FEP AR S S I B, X SRR (3
B ) F8ERFIR

& Jchiatig

BT cbe MR L5 R AR LLAN , A 25204 RE i A 25 40 i ) AR AS . 51 4n = dtb 4K
3 ( three-address code ) i /2EIEH EH AR P Z —, = HIhEACADSE A X AERIFE 2 .

z =x OP y

HLHHARAS IR S x . vz, OP X PUE AL, HIFRMIMEITX (quadruple ), —Hihkft
RS R LR ITFAERE S, A EHAEE Sk .
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TEFR S AT F g2 rh 2 il T Z2 o fe) 4 G

Bl GCC vhigk T7E5S 1 F4£2N RTL LIAh, i&ff ] 74 GENERIC #il GIMPLE ]
%, RTL Sefrplasit 5 9P, HYUE GIMPLE, f#iz/5/2 GENERIC,

A 4k Coins M 4miEss, B KIS iE LR 408 4 4 HIR (High-level Intermediate
Representation ) M IE (%, JFHEITAREIL. ZJ5 PR HIR #46  LIR (Low-level
Intermediate Representation ) X FE—FHETALARE 7 B, FEEfTit—2miiit.

rhia/SABAOE N

ARG, A TR RO R B — R 5P R U A

FATIRLZA B A P RS, flan, Ry B 5e s R AT W R BT Ef T AL,
2 A AT R, T G v 2 g B e e A . A SRARTE R LA 7 5 04 22 T 0 P9 A7 R (0 S5 E
friedl, MRRERLIZA IR = MU XA ST MLER I & a9 P A . P RAT 20 R
R Pt LA S, IS AR AR R R i 2 — . Teig e LIRS AL, #RRLZE
FETE T A2 F i P e AR

cbe FPfd AR U RN T S e AR B Rl e, (TR S TR . (RISt cbe R Bt —
AR AL

WITFaR I cbe FFAZE dr R, T AR A B A LA 5 o (HIX AR
FEATEACT AL B rP AR B Ch YRR, AR A e RO AU ARG A | MELARESE .

Jioh, BEATOLAERY, WERECA PR, ARG AR 2RI . filn, 5 25 s

TWIIEA], B n ol int RAIAR AL,

n * 1
= 1;

FIRIEOT W E R EEUR S 2R, JF BPUTIE n BEARA SR, B DARMETA
TTEASE R, AT DLTE R 1R 9 250 ) IR o

L2 9 5 ] JIT X oL O G2 T A 1) 19 5504351 BinaryOPNode Fll OpAssignNode,
i B8] S P S ) /1D D8 G R R i A = 3 O o L e A A R e =R B

fECHHF (Cb) o, —FhE O] AR ZAIE A R R . IR T O A sy 28 5% 1
AIFRIEA, T2 TAE SRS EE s

A2 AN S S 4 g v A 6 Ze anfel 2 R PR 25 A 4 rh e A GRS 2 AR R Y, DR aT D E
IR T LA 3R Al v TR CRS A 3

*

n
n
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[ B AR s RNR E

IRGenerator KA XAH it —#E, (i visitor BN GIEER TR T, H
A —RARZAL,

WA Visitor K visit HIERRIMEARE void 23!, Ifif IRGenerator 2K
3R PME I AES & void, BMORYE, AFERAX (ExprNode) B visit Jrknyik BIE Ny
Expr, HIRBIAERS rRak 0 4.

W ST | R ke, A GiEEm s S M7 IRGenerator KT
B RSP AR AR, FRIR AR R ZE SR, BRI T visit JrikiaR FIE,

IR 2AbBEEA] (StmtNode ) H visit HEEAIR BIME M REREAWE? BRI visit
TR FHERZ J—FE & void, XA FTRT R A ISR stme X R ik E 2R
PE stmts MFIERZ Y, Sl TR 7 ORI R rp ) A RS Y5 A

IRGenerator £HBzN

i FATMN IRGenerator M AL IFHIKIKE— F . AL MKE generate MDA
1.2 FiR.
K#GiER 11.2 generate F7i% ( compiler/IRGenerator.java )

public IR generate (AST ast) throws SemanticException {
for (DefinedvVariable var : ast.definedvVariables()) {
if (var.hasInitializer()) ({
var.setIR (transformExpr (var.initializer()));

}
}

for (DefinedFunction f : ast.definedFunctions()) {
f.setIR(compileFunctionBody (f)) ;

if (errorHandler.errorOccured()) {
throw new SemanticException("IR generation failed.");

}
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return ast.ir();

55 14 foreach 1HAH 42 Jay A8 B AT i A e ik U oM B RS . 275 2 /> foreach 15A)KE
T8 S PR AR EE Sk B ACHD . PR IR RO A B B, IR TR TR e 4 B —
XHRSY o

//17 ER A (A RYEL IR
T T FE R pRBUARIR I 5 2 compileFunctionBody, ‘BRI IICIEER 11.3 iix,

R#Li%EH 11.3 compileFunctionBody 7% ( compiler/IRGenerator.java )

List<Stmt> stmts;
LinkedList<LocalScope> scopeStack;
LinkedList<Label> breakStack;
LinkedList<Label> continueStack;
Map<String, JumpEntrys> jumpMap;

public List<Stmt> compileFunctionBody (DefinedFunction f) {
stmts = new ArrayList<Stmt>();
scopeStack = new LinkedList<LocalScopes () ;
breakStack = new LinkedList<Labels> () ;
continueStack = new LinkedList<Labels>() ;
jumpMap = new HashMap<String, JumpEntrys>();
transformStmt (f.body ()) ;
checkJumpLinks (jumpMap) ;
return stmts;

}
compileFunctionBody X —EXIR M EMEITT (1) #MlRtk. & EERS SLansk
11.5 Ui,
*F 115 FEEIFHERMNEMN

B BH

stmts 1R 17 E0 B ) S R A B P [ RS B9 5
scopeStack FEERIGNTERN, RIS AHERER
breakStack R break WBAIHY “HETH” Bk B A0 A0AL
continueStack o continue WBEIHY “HETH" BhEE B A9HbANER
jumpMap 1177 goto 1BH) MIFRES

XL Rz, Rl EE N E stmts, TA Stmt Xﬁ%%@iﬁ%ﬁf BRI R
JEERIRIERIEZ I, T transformStmt (£f.body (), HEEEIAAE (£.body ())
FEAg RS . A5 R A E S stmts )%‘@E‘J@J%%EP#L_EIO
transformsStmt JEEASEI UMD IE B 11.4 R, 2 AR5 S s, i
TS PRSI NS stots BT
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RAEFEE 11.4  transformStmt 757i% ( compiler/IRGenerator.java )

private void transformStmt (StmtNode node) {
node.accept (this) ;

}

YESiBaRIRATC RIS

FEATT A (StmeNode ) F b RS I HRIA JE# D) transformstme ik,
Feik N 8 (ExprNode ) et Jyh [ERIS IS TG 2GS . AR RR RS Ay, Il
H transformstmt /% ; W HANRIAX M —H5, WHH transformExpr /%,

BN T IR 2R a2 A SR ik Sy B A (o 1

X = y;
B2 T T IR (E R IR 2R A HoAt b i — B 7 Y o
printf ("$d\n", (x = y));

P BRI IXOIE T A FHFGARAE, S TABRIXAERY X, 7522 AN [R50 r ik
G X REF IR A E Ay B A RS, BM# 2 ExprNode % transformStmt JrikiftfT
Wt o AR B R A R —EB oIS, ] transformExpr Jii#F T4

52, MEHFREXENT trasnformStmt JExt RIA P T4, (RN
{E} ] transformExpr gk,

ExprNode [ transformstmt }EMl StmtNode Y transformStmt kiYLl oE 4
AHFE, EBRAAIIH node . accept (this) .

J3—J7lfl, transformExpr JIAMSEIMMFIA AR, transformExpr H7ikifCRS ALY
95 H 11.5 FTR o
REGiEFEE 11.5  transformExpr 77i% ( compiler/IRGenerator.java )

private int exprNestLevel = 0;

private Expr transformExpr (ExprNode node) {
exprNestLevel++;
Expr e = node.accept (this);
exprNestLevel--;
return e;

}
143Xk, transformExpr HEEEFT T2 B exprNextLevel Ml 1, FIHXA

JR PR RES B 4 Fir At A1 R AN IS BB . i sStatement BUENHLT LA
FIWr B /i . isStatement Jy iR SEELANCALIE 5 11.6 i,
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K#EiER 11.6 isStatement 77i% ( compiler/IRGenerator.java )

private boolean isStatement () {
return (exprNestLevel == 0);

}

W isstatement () R true, VAR BT SUBAE ST BRI TR andR
Bl false, MIPEHHFES PGS SR E D HAL R A R —3 Y . AssignNode Z—#By
FYEE AL PR 1sStatement () AVEMILER, XTHEEHAS 2 rh a RS UEF - e,



1.3 IR EIE AR R

1= il 7R A A e iR

AFPEXT 1£ | while XEEMIRERERITERILL K break SFBkAETH ) AT IR .

if IEERgsEE (1) BE

T IEERATRE — T i £ A O P A A U K 1 £ TR A XTI A AST F9 41

IfNode FAf b ARG A ACHS Qif GRS TR 5 11.7 R .
KRALBER 11.7  1fNode A% ( compiler/IRGenerator.java )

public Void visit (IfNode node) {

}

XHEH BT S O, AR RA A —T . cjump. jump. label #PA A H R
AT SRR NS stmes @M RIERAAE (utility method ). cjump JiEA: AL cTump 7
A Jump FEAR Jump T4, label HiEAR LabelStmt T4, £ ERES LN 11.6

Ve

Label thenLabel = new Label () ;
Label elselLabel = new Label () ;
Label endLabel = new Label () ;
Expr cond = transformExpr (node.cond()) ;
if (node.elseBody() == null) {
cjump (node.location (), cond, thenLabel, endLabel) ;
label (thenLabel) ;
transformStmt (node.thenBody () ) ;
label (endLabel) ;
}
else {
cjump (node.location(), cond, thenLabel, elseLabel);
label (thenLabel) ;
transformStmt (node.thenBody () ) ;
jump (endLabel) ;
label (elseLabel) ;
transformStmt (node.elseBody () ) ;
label (endLabel) ;

}

return null;
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F11.6 EIEAMFEIRBH X

Fik# S AR ERBRE X

cjump loc, cond, t, e FUFRIERN cond AENBREEZIFREE t, ARUBEZIFRS e ( £4BE )
jump lab BREERIARSS lab ( 5 HEBkEE )

label lab E XFRE lab

AT 11,7 WY EZEERI R — DRI 1€ 5A), XA 1£ ARG LR o0 T Ak P4 i)
if AT else AR EMEHINTOL, T TALEE i £ A else HMFERITEOL

if IBARYEER (2) ;81 else SOHIER
THEHEARER —TFE else T30 ACAS, W0 R

cjump (node.location(), cond, thenLabel, endLabel) ;
label (thenLabel) ;

transformStmt (node.thenBody () ) ;
label (endLabel) ;

cjump. label, transformStmt #B & H % K B LD i 7 S N 3 stmtes
J& Ve AR S, R i 2 i BEOR IR O i i A ) B R A R AR, B b AR AR A L
“cgump” “Labelstmt” “then FAHHIFFEICAS” “Labelstmt” B AE A EMRAS . X
Sr GRS AR AN TAT 11.2 R,

CJump(cond)

*HUAE AR
LabelStmt(thenLabel)  —

LabelStmt(endLabel)
B 112 if EEKHERE (X else #45 )

B, R caump AR, MAMRBE X cond MIAT 4R o B A, BhEE 245 &
thenLabel W%, X then FB/XTN A RIS EE ST, S0 —J7TH, M40FERARK
cond MFATEEH BT, &Pk E| endLabel B E, Bkt then #05r. “IRENMVE" &
FEHERAD YT &S Labelstmt FITFERYNIE, BN cbe AACES I 1abel JikiIfi s .

AN, s 6 T TR, Cb o if IEAIH then H50HFl else #ER LA & —ANiE4], B
fif then #5rak else FELE 2B, WAHIAIF RPN BlockNode, FI then #4)
Fl else ##BAI LI trasnformstmt kil 74mi% .
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if BRI (3) 727E else SPHHIER
BERE— T AEE else TN RIS, WFATR,

cjump (node.location (), cond, thenLabel, elselabel);
label (thenLabel) ;

transformStmt (node.thenBody () ) ;

jump (endLabel) ;

label (elseLabel) ;

transformStmt (node.elseBody () ) ;

label (endLabel) ;

XK FARE A A - B IR R Az i P Ia s, RIEIE “coump” “Labelstmt” “then i
SRR “gump” “Labelstmt” “else #/rAYFPEMIE” “Labelstmt” MR A,
RIS . A 1.3 PR,

CJump(cond)
*HHE AR
LabelStmt(thenLabel) -—
------ then #B > [E]FKED -
Jump

LabelStmt(endLabel) -
|: ------ else B3 ERAG: -
LabelStmt(endLabel)
B 11.3 ifiFAKHENRE (5 else #5))

TEANRIR cond WEAYEH T, B RIARS thenLabel WIALE, 4T then H7MR N
R EACES . PCAHETIE then #530HHE M) 5 S8k, 3 endLabel #3245, FTLl else #5rA4s
PAIT. S3— O, HEFRIBA cond MR, MBS elseLabel #7%, 7 else #
Ayt A RS, then #AFRSHEHAT .

while iIBYEER

THEFRATRE — T while i A0 ECH . K while i /A% N A AST 15 4%
WhileNode 46 Ay i) ACH AR QnACAS T B 11.8 Fis
RAGiEH 11.8 WhileNode BIF:# ( compiler/IRGenerator.java )

public Void visit (WhileNode node) {
Label begLabel = new Label () ;
Label bodyLabel = new Label () ;
Label endLabel = new Label() ;
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label (begLabel) ;

cjump (node.location(),
transformExpr (node.cond() ),

label (bodyLabel) ;

pushContinue (begLabel) ;

pushBreak (endLabel) ;

transformStmt (node.body () ) ;

popBreak () ;

popContinue () ;

jump (begLabel) ;

label (endLabel) ;

return null;

}

bodyLabel,

endLabel) ;

XHEMH T pushContinue. pushBreak. popBreak. popContinue &§i ik, XL
IFEAERS G AT UL, X B Z GBI AT . X R ES F s AR R R T, W s

label (beglLabel) ;
cjump (node.location (),

label (bodyLabel) ;
transformStmt (node.body () ) ;
jump (begLabel) ;

label (endLabel) ;

AR R PR R SR AP 11.4 R

— LabelStmt(beglLabel)

transformExpr (node.cond () ),

CJump(cond)
HAhE
LabelStmt(bodyLabel) —
------ AP ERED
Jump

LabelStmt(endLabel)

bodyLabel, endLabel) ;

AR

B 11.4 while IEBRAI S EMKABRIEH

R4 cjump J kA 0 caump gL, HEARES S XN, &R E A node.
cond () WYHATEE RIS, BEEEFIFRZE bodyLabel MM E , 4T while iBAIAIR T X Y
AR . AT 52 5 o S Bk [ K525 begLabel I E, ARELIEIN, H—JH, Y45
PEFGEE NI, Ak 2% endLabel WM E, Z5RIGIR,

break iE@AgEER (1) [EAWMIIEN

AATHY G, FAPRYF— T while iR KR E VN break A A A FUDH R .
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break &AL HICSAMBELTES Jump KR, BH £ 8 while B8]0 X G07E T Bki%
H A5 25 2 Fh LAl 25 A Y
whn, LA 11.5,

while (x > 0)
f();

break;
g();—_| Bt = U S0 BT
}
end:

B 11.5 break iIEAIHIBEE BR

HEFRE 115 T break A B 2IFR% end WAL E MBEEEHE S RIRT, HIn) R
W SRR end BIRLE . X HLHY end #2855 R TNIA LA endLabel, KA Z ISR 7
BRI E AL 16 45 break 1],

HEEAREESEHM while IBFARENEMN . break iBRMINZFAEL A while IBA)EY for
AN, break WU e A IIEITEER .

WEFE break IR MEZFHE MG, BAKYL, while, for. do~while D)
N switch BRI LI break WA BEHALEE

S, TFEH break i EACONBE ] I break iR NZM while, for.
do~while of switch iEM)” BIARREIIBEETES .

break iBfIREEHR (2) STIBIA

N T EE R A AR BAR, cbe AT T AR 5k

1.IRGenerator XMEMPES THRMNEIEEY

2. 7WH AST BYBE| T DUA break Bt 89150 (while 1IB0% ) 8918, BBk BIRNIREE
UNGE

3. ¥ while FiB6) B AR R A ohig KA

4. MRAREKNEIR D LI break 186, FIEKTINFRSIEABEE B iR

5. AMAHEMERG, BERMNIRTH K

WYL, Fon “HAT break IRMIBEE HAR” RAREIRAN TR, VR0 T, FA 14
Ch AR R AR A1 DL A EET 11.6 ZH
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HRARAS
BERE outl A

while (cond) { [out1]

BERE out2 [E A

for (i = 0; i < BUFSIZE; i++) { [out1, out2]
o BAFE out3 EAER
switch (i) { [out1, out2, out3]
case 1:
break; ~——— FRBURTAIARES--out3
default:
g e 3 .
) BIRES T A% lout!, out2]
out3:
break; ~—— FREVETRAERE - -out2
BRI
} [out1]
out2:

.t;reak; ~— FREUVLTAAIERES - out 1
outT:
E11.6 FAERFAEE HIRRE
IBEA LRB LA,

break iEGIAY4EH%R (3) M

X BT GRFRATTEE AT cbe MR IEF T i

HTAE break IFRIRIBEEE HFRPR2EMARAFILT IRGenerator 2K breakStack &1k
i, IO LinkedList X4, ZARMEIIANE 11.7 BRIY 3 A ikt f et
% 11.7 21k breakStack K77 %

Fik ax
pushBreak(label) BERE label £
popBreak() ik
currentBreakTarget() 1R B FAR T AR 3

A LLIRATFR R — F RARAHCH) while /) AT BEACHY
KRAFEEL 11.9 WhileNode BI%EE#R ( compiler/IRGenerator.java )

public Void visit (WhileNode node) {
Label begLabel = new Label () ;



}

Label bodyLabel = new Label () ;
Label endLabel = new Label() ;

label (begLabel) ;

cjump (node.location(),
transformExpr (node.cond () ),

label (bodyLabel) ;

pushContinue (begLabel) ;

pushBreak (endLabel) ;

transformStmt (node.body () ) ;

popBreak () ;

popContinue () ;

jump (begLabel) ;

label (endLabel) ;

return null;

bodyLabel,
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endLabel) ;

W BENIA P while iBH AR Z1% ) pushBreak Ml popBreak M. FEfk
while IBAJAUZARIE (node.body () ) ZHi, W pushBreak J7i%¥ endLabel JE#, FiAs
(RIS, JHI popBreak Ak, M FRMURBFIR, HATE while HMARAF it
B A¥ endLabel Efk,

Ji—Ji, break 1A% N [ BreakNode HYEHARAS UL IE . 11.10 s,
K#G;EH 11.10 BreakNode BIF:# ( compiler/IRGenerator.java )

public Void visit (BreakNode node) {

}

try {

jump (node.location (), currentBreakTarget());
}
catch (JumpError err) {

error (node, err.getMessage()) ;

}

return null;

FEAFHA BN T cry U Z W, BreakNode B4 #JE i currentBreakTarget
T breakstack WAL TARTRIYRES , FEFIH §ump A4 Uk iE 210 2 1 Bk 151

WARAE while FiEAZAMEH break B4, currentBreakTarget ikl
JumpError 5, XME M error 7 A IRTHE , IR FIFHR,

2 break WHAINFE TAERIAS R T o continue iH/A) T LU 58 @A ] )y Aok 8
W, BAESE AR,
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2R EIERMFRIEA M5EIR

MASTS TR FA R s 2k U9 S s h s e i
R TR R BATRIVEI (side effect) HYZAAHAGR

UnaryOpNode 35 A9%E#%

BEIRATRAE — FE UnaryopNode X4y LS I, UnaryOpNode X4
Xof I P R (A RAS 49 s A Und X —Fh, IR R . UnaryOpNode X4 iy 4 ik £
TRV A 1111 R
HK#BiFEE 11.11  UnaryOpNode %% ( compiler/IRGenerator.java )

public Expr visit (UnaryOpNode node) {
if (node.operator().equals("+")) {
// +expr -> expr
return transformExpr (node.expr()) ;

}
else {
return new Uni (asmType (node.type()),
Op.internUnary (node.operator())
transformExpr (node.expr())) ;

}

IR E M node . operator () .equals ("+") KA UnaryOpNode X4
NRBXBEARE R v, WIS v, WEAER Und 175, —JCiB B v+ AT
Az, AT LA BB, BIE v+ @B RSO F T LU transformExpr 77k HAT +expr
WY expr BoEAR R RS

transformExpr (node.expr ()) flnode.expr () .accept (this) AN, 2
IHHALHE node . expr () AN, B a5, transformExpr J kAR [AIE
Sy E AL R Expr.

F—H, BBELFAN e B, WAER Und 55, Uni 2RA9RE pRECEISER BRI T BT o

public Uni (Type type, Op op, EXpr expr)

MACHS W 5 1111 i A i s BT L, A5 1 S8 asmType (node.
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type ()) ., H¥ asmType £k type . Type 5N asm. Type B, HIXTF Chb Y
int *iﬂi 127 k23R 0] Type . INT32,

L5 2 A28 Op . internUnary (node . operator () ), Op.internUnary &k
G REM TR —JCB BT (e 55) Feoh op RYERSTT . BIANXET Ch Ry v -n, %05k
£33 M Op . UMINUS,

B85 3 S8 )& transformExpr (node . expr () ) o XHEFM "+ BHF—FE, ¥
+expr T expr AR A R LAY,

# It UnaryOpNode X G H1 I CRA LA AL B 453 T .

BinaryOpNode 3J5a9%EHz

B RE— TR 2425 BinaryOpNode XML HF:4 ., ¥ BinaryOpNode X G
AL A A RS A B 11,12 o,
K#;EH 11.12  BinaryOpNode By%5#: ( compiler/IRGenerator.java )

public Expr visit (BinaryOpNode node) {

Expr right = transformExpr (node.right()) ;
Expr left = transformExpr (node.left());
Op op = Op.internBinary (node.operator (), node.type () .isSigned()) ;

Type t = node.type();
Type r = node.right () .type() ;
Type 1 node.left () .type();

if (isPointerDiff (op, 1, r)) {
// ptr - ptr -> (ptr - ptr) / ptrBaseSize
Expr tmp = new Bin(asmType(t), op, left, right);
return new Bin(asmType(t), Op.S DIV, tmp, ptrBaseSize(l));

}

else if (isPointerArithmetic(op, 1)) {
// ptr + int -> ptr + (int * ptrBaseSize)
return new Bin (asmType (t), op,
left,

new Bin (asmType (r), Op.MUL, right, ptrBaseSize(l)));
}
else if (isPointerArithmetic(op, r)) {
// int + ptr -> (int * ptrBaseSize) + ptr
return new Bin (asmType(t), op,
new Bin(asmType (1), Op.MUL, left, ptrBaseSize(r)),
right) ;
}
else {
// int + int
return new Bin(asmType(t), op, left, right);
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PREURIC, SXRENN T SCRHREM RIS, 70 SCBCRAT I e 3eiT RAR AR AL
BRI MR 1 1 £ AT else DIAMOTRG, ANHERRBUE LAL—IF I
Br, HB B,

Expr right = transformExpr (node.right()) ;
Expr left = transformExpr (node.left());

Op op = Op.internBinary (node.operator (), node.type () .isSigned()) ;
Type t = node.typel() ;

return new Bin(asmType (t), op, left, right);

ARSI Z T

— IR BinaryOopNode X4 15 s 04 £ i85 node . right () MZARZE
node.left () H transformExpr JyEE 1444,

X, R B I RIA, BARIEPGAE T — il Wk, FESHA BIE
IR, Fe A AR S He e 45 U 72 AR BIVE T, B UG 4 (R e 52 PR TG A5
ZHIE T, C il MSERZRE IR MM B I FHT, Cb SRkt
235 AT RN ZE I AT o T LA ask HLA 2 A 8 2B 2 R A T 46

ERATEI RS, H— T &G return if4). AR TSR Bin W54, Bin 2k
MIAE I PR AL EE 1 A SH0R Und BRI AR, #BJE asm. Type, 2 MSERBHNT
(op), & 3 DZEME 4 NMSEUP IR AL RIRA %2 0S80 B op . internBinary
SRR IE L ) BT (e v o/ S BRAG S RIS 12 AT (op) 1Y
AT, PR ZEEMFTEEMNFSER, HikEEd S eSS EAMFThisH
(node.type () .isSigned () ),

R FE, BREFREHEE RIS, BinaryOpNode X4t HUE BTN Bin 19 45,

[ sgsthnmiE Ehssi
BRI T ARSI B IR A — FHRERE FRIC I o AR U T s

if (isPointerDiff (op, 1, r)) {
// ptr - ptr -> (ptr - ptr) / ptrBaseSize
Expr tmp = new Bin(asmType(t), op, left, right);
return new Bin(asmType(t), Op.S_DIV, tmp, ptrBaseSize(l));
1
else if (isPointerArithmetic(op, 1)) {
// ptr + int -> ptr + (int * ptrBaseSize)
return new Bin (asmType (t), op,
left,
new Bin(asmType(r), Op.MUL, right, ptrBaseSize(l)));
1
else if (isPointerArithmetic(op, r)) {
// int + ptr -> (int * ptrBaseSize) + ptr
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return new Bin (asmType (t), op,
new Bin(asmType(l), Op.MUL, left, ptrBaseSize(r)),
right) ;

}

RPIRTERI e “FRET - 8517 B ROALH, 5 2 TR CHRE £ BEC sRAALRE, 53
R R = $RET AR,

G, “FREN - F8E WIEGLT, 8% BinaryOpNode(-) Bin(/)
G S BRI LUSR TSR 1] 9 26 B R/ |eth |ehot
(size ), #llll (int*)8 - (int*)4 MLEHRE
N (8-4) /sizeof (int), Bl 4/4%F 1, ptrl ptr2 Bin(¥) Int(4)
MARAET 40 FIE 117 BoR, 168 |ehot
FELE S SAOBERE R EHE N 14 Bin,

552 B4 ANES 3 WA SR B A R ptr1 ptr2
LRI, CIE R (Cb) sk Ay 1.7 e ERA

BN B0 S TR ST AT R SR BB B, BN ine* 28I pex N 2, MALESE S )2
RUAIEN 2, &M sizeof (int)*2, RN 8, PHIMALBCEAIAYTT S AWURIHE £ s 7] 25 Al
1 size #ATRILIZH.

A[LIH isPointerArithmetic Fi R &L BER TR, 54, WAL
TR R AL KB FRE X PIRIE O, T LRI 224 b U A Tk Ay . W2 A2 44D
AEEFEAL, I HIsBRARN -, WX FMENLE TRAENR, &7F TypeChecker BrBeifss,
JIt A3k BT DA B4 TC R RE R L

X R ZR NN BETR L sizeof (4R aG RA ) o WRIET, HERRULHIE
B, WSHE 118,

BinaryOpNode(+) Bin(+)
Iehot Iehot
ptr 2 ptr Bin(*)
|eft/\ghr
Int(2) Int(4)

B 11.8 XtfastAymniEiERIF R
sizeof ( #4tHE @ £ A ) HUILR/R N ptrBaseSize ( #84H£ A ), ptrBaseSize
D5 R A RS Y 8 Int.
Z It BinaryOopNode X4 a0 e ISt 52/l T .



ARATK YA MemberNode X4 Ml ArefNode X445 ] LURR{E A Zeak 2w I A X 5 it fote

5 &ntnsin
B, RPN MR —— “ZE” Al “Jefl” A

CEET AT SRR WA R ZE M FRE AR MR R AN TR C 1S RA,
i NZiA (LHS, LeftHand Side ), 5 ~%&i# (RHS, Right Hand Side ).

i=75;

fECIET (Cb) o, AT PIEAEERIAA, HABAT IS AT DURE R TR
IRME AR A A2 (1), FB4HBUE (*ptr). B (ary (1] ). S5 RIECS A0 G
(s.memb Fl p->memb ),

ZE ) FeR 2 HamE R R 0T DU EE AT (&) BUSFRaR =gt .

[ =EinaE
R A, AShE 3 A, (RS RVRET IS FE it AP

n =1 +1;

T ITE LA, FRATR AR I FHEE LR T IR

5; //¥EA 1
i+1; // 184 2

Sebr b, BMERAMRIAFEAF 1, SEELNMEEA LR, gifas e 2 E e A —Hm.
Bt 2 AR L BIEABRORE LT, e 2R R U i 1 mER RS, [BEIER) 1 xXHe
R GEANIEOT , ks gtV E BRI 1 il (&1) MY,

— ok, Faka U x MR ZE I R “x AU HLhE” . AR TR B 2 2k 20 BUAE A i s R
“x MR ARE” . SERBNX G A PR ZEE (1-value ), BAEA AR HER VA E

(r-value ),

=)
I
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FREJLANGIT TR A,

int n;
int *ptr = &n;

*ptr = 3; //7EE 1
return *ptr; // iEA 2

LaRiEah, 1B 1 ptr BAEAD, PIVE SR as R 2 B nE R ~per MA(H,
Blptr (=&n), S —H M, B2 *prr GEEAD, FICVERIFELS R 2 A NE R
*ptr BA{E, B *ptr (=3 ),

g b, BMERE EEMENEREN, SIS r) & CiA—FE

cbc Z{ERIER

THEDEYF—T Cbh 1SEHL
Cb FREEAEA N IIFGAAA 5 Fl, W13 11.8 Fs.

x11.8 ki
FixpFpZE FiX R AST Tk
TE5A i VariableNode
WA *ptr DereferenceNode
#4351 ary[1] ArefNode
IDaAE]): s.memb MemberNode
BARE]L:E p->memb PtrMemberNode

IR 5 A, B variableNode 15 I ZEAE R (A 73 625 H & R A B ARG 5
&, ZETEAREH] add R, AETEAESH var T RFR . BRIZ M AT Y
SUZAE R R EACAD, T IR T

R 5 =z, Ze(H ] ivdad bl , A8 A (E izt B aofE. #ilhn, misigl ikt
s.yv AR HAE &s . v IIEBUHE * (&s.v) o

tl, B EAE R R RS, v DAUE S 7R 2 (A A v ) A GRS 9 Sl 1 34 i Mem 5 5
Al B Ch Y *pexr Frbi iy GRS, ZE (B XN 2 var AL, A ISR TR A E Y
LAt EHOMT Mem 5 (& 11.9),

FIH ERFR A, cbe RITATT kit 22 ME

TG, AT AT AURE Y s A E R RS, i, FoRAERA) variableNode
X G — AN, var . RA AR 2 F5 ZE (G A S TR AL B, BIRS R A (B 5%
e R ZAE AL A (B Ao (B, B BT DR AN R A3
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BT AST [ R

LENER

*ptr EENER

<<DereferenceNode>>
expr

<<VariableNode>>

& 11.9 *ptr JRAY 2 4> EKAD

1. B1EA var T a#NE, BEFEEAG Addr A
2. H1EA Mem T A H01E, MELHE Mem T &
3. Rk ZAMERE TR IR ( BiF2E6 bug )

IRGenerator M addressOf FEEX FRE LT T30,

CEMIRRL S RIRES

e, N T UHZSRRLR (expr.memb ) MY, FRATRIE— TS5t n 51 iy kbt i+
AN ER

ViR 25 AU B 53 AT DA FH HUhE s iz SmFa ok Ko . i, KA expr . memb AJ LA
ol * (sexpr + (memb #9145 ) ) o XHM “memb FRE” JEFEFENAE AL RS IT
ZE memb YN .

TIEFRATEAGN FroR B C i F SR ORI, T A0 M — T 25 R R B ) A B
(offset ),

struct point ({
int x;
int y;
int z;

AR R point FENAEP AR RANE 11.10 FiR. FEXFMENRL T, MR iG]
BRI (byte K0 BN “BUARIWEE " G0 < (WA 0, v WA 4, z KRS
H 8,
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— Y

0w N o ok WwN = O

©

10 —
A
12

B 11.10 struct point IR EH B

HRAE 1AL %0, S5 Ra R e s skt 1 AR5 04 D % s RE A5 21 BT i Mk . AN 0L v 1)
HhERT DUE . (S5FARA R LG HhE +4 ) SRR BRI DL y PR 2 X ) (S5 (A 0 ke 1 b
HE+4) BUTEETBUE, Xt B s * (sexpr + (memb #91mA5 ) ) HIH L,

1110 B PIAFEAR Jay Bl B 22 () AT BB, (R AE size AR AZRBIAY A G BT, LG
Z AT RE 2 AR IR . DG TS5 H A Jay i) AL FE S 12 B

EEE%IH% (expr.memb ) A%z

A RIS — T AR, 0010 S HE SR B 5L 0T Il * (sexpr +
(memb #4R#5 ) ) XA, Pk RS A S 05 O FRR ERSE=CHIAT . e n i
X ) MemberNode F46 kRIS A AAS AN CASIH 5 11.13 iR,

REEE 11.13 MemberNode Bi%#% ( compiler/IRGenerator )

public Expr visit (MemberNode node)
Expr expr = addressOf (transformExpr (node.expr())) ;
Expr offset = ptrdiff (node.offset());
Expr addr = new Bin(ptr_t (), Op.ADD, expr, offset);
return node.isLoadable() ? mem(addr, node.type()) : addr;

}

A 3 A7 AR A AR i ZE (B A R IR SRS . FoATT ol LLSS & RS AY SR 3 . TN s .y X kR
B Cb RS FM N 1111 iR i rh a4 CAS . Pk =i AL sl i) AR AL A 11,11 H
Bin F 5,
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.

Sy <<MemberNode>>
member: y
expr
<<Addr>>
_
<<Bin>>
<<VariableNode>>
entity: s ri
value: 4
& 11.11 MemberNode JtRZEY IR 4%
AASRY S LA .

%% 1 17H) addressOf (transformExpr (node.expr () )) JEEITH expr . memb X
&expr. node.expr () & expr M AST, H transformExpr Jy Xt HiE 75 155]
FREMCES, P addressOf Jrikikif e 2 ikt .

217 ptrdiff (node.offset ()) JERm A A B IRFS B EMCHES . DINIA ) struct
point Fl, v IR 4, 7TEXFHEN T, node.offset () T 4, il ptrdiff HikFs
HFAG RS Int. Int JEFRBEE M P RRAS T .

w5, #3176 expr flof£set AN, AEMPHCHY Bin, Bin MM R SEN &
SMANFR 11.9 s o
& 11.9 Bin XMMIERBHISH

S e aX

type asm.Type ZRIKA KT

op Op by =y =P HES

left Expr ZHEEMNARER (x+y PHIX)
right Expr “RmENEREAR (x+y hHy)

BHRFEINSEMW per_t () /& Ch FIFE KRBT XN 1Y asm. Type, Bl asm.Type.
INT32 (32bit B4 ), 1£45%55 2 NSHY op . ADD KR iz 5.
XHE—A, 11.11 % Bin DL F AR A AL T

ZEEEEIRAOPISN : AR

FE TR NZ UG B Z AR A P RS A I Mem, KEZE(EFARON A ER AT L T o {H5E
PREGICHDEN A AHELIBRRE , W R PR .

return node.isLoadable() ? mem(addr, node.type()) : addr;

A LS A X R R R B IS T ) R A TR I A B 2 A R O R A R Y
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FRXXUMEEAE &, EABRELTIN HZNRNT &0 Gl print £ $8M/2 print £ 5K
RUdbhE, MRS print £ AUNZES, BIAI sprint £ RSN, [FEE, BEHRRNAE ary
)% L& sary [0] .

R TR ERYIRE, cbe B HATEERA R R B R 1 3RIA XA IE 0 T e A A el RIVEAR
E e print £, WAANHM sprintf [FFERLH,

WIH— TS, node.isLoadable () £ node XJ L i3 iA X Y2 A BE AR K 4H o AR R Kt
R\ true, XATIR[E mem(addr, node.type())., mem &L ECIS addr PRI Mem 7
MR, BRI ARSI B 1114 PR,

KRALFE 11.14 mem 7% ( compiler/IRGenerator.java )

private Mem mem(Expr expr, Type t)
return new Mem(asmType (t), expr);

}
FHHN, M node XA FE A A Sk ESEA (B isLoadable () 1R[] false) HY,
e HHR ] addr. SXFEX T 2 i8R ik =R R B A ) e ik st AR 2B T
TEF RS LA 2 5 BB BE, Ch B92RAUE BATE R T, R 3 0 Ab B 20 e (e AR A 4%
2 RIS .

R3S EaIEATt (ptr->memb ) AUkl

P T U S A R IA A 2 5, XIRIRATERE — Tt -7 Pinla 5 )ik
MOFEAT, X 15 PtrMemberNode MR WA CHZIE B 11.15 iR,
KEGEH 11.15 PtrMemberNode By%5#: ( compiler/IRGenerator.java )

public Expr visit (PtrMemberNode node) {
Expr expr = transformExpr (node.expr()) ;
Expr offset = ptrdiff (node.offset());
Expr addr = new Bin(ptr t(), Op.ADD, expr, offset);
return node.isLoadable() ? mem(addr, node.type()) : addr;

}
MACHS B, % AU #l MemberNode B UM AR # AL, 2250 A —4b: 26 147 M

addressOf (transformExpr (node.expr ())) AN T transformExpr (node.expr () ),
BIHBR T addressOf HUALEE,

HZEE TN “->" SRS XL, SAsgHg A xEm2ml. flingikLper->y
1 e “HREEE ptr TR I M EH IR v7 o X ptr FE M ER B & ptr I
75, BUA{E, WA R prr fbhl (22 ). B, #id transformExpr (node.expr () )
Kt per BH CHH) ZIEF.



AT TA TR SEMRAELAN 1 ++ IXARAEAE R B2k A et

FikHIEIVER

ST 2 2RI TR .

BIMER (side effect) RARPATHRIBAM, RIXABRIRFEZ SN A A0 o AP IR (e
Fiks, BRTIREMEZ AN, WAFHBEWR AR T8, XB NP WA T2 xR
RS RIVEH o

— i, WA 32 H AR SR N RE, PRI BaRsE R “BIERT ATEELE
NBEAFA AT A S, X EAYARTE “RIET RIS & KB Bl 5328, 4
Br, A CZEIERT BB E AR X —sliE .

I AL A WA AN SO R AL o 76 C IR (Cb) b, G P Fak=UR A RIERN

® TERIAR (=, +=. -=. *=_ - )

o SIBFIBM (i++. ++i. i-—. --1)

PR R P T RE (L Bk ek, AT REPA A A, BT LR I AT REAATERIVE A

X aR UL, A E R Ak 2R AR MEXT T Y

5, ARIWERRRBX M PATIIF AR S E 2, flan, WREEREPIT print £ 1
PRI, B AR P R AS R il RE R AR A2 M. TERe i B fbid e, B ik sUAYPRA T |
SO R B SR RER BRI AORCR, A BIVE Ik 2 Al AR AR R A BR i

T34, BME R — DA RIWE R, WX RA X W8 A= A m . flan, 4R
PAT TG AR B A E AR, B ATEZ 5 BT A R B m A2 ) Rk A a5 Rk
AR PRI R R P R 2k 2 Rl 0 b A RE Bl SE O .

I LU P G e R 2 — AR W BT Ry )

[ BalvemmEiA R asE RS §t
THRUE— T cbe Fr2 a4 BIVE YR IARA0
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cbe AR GRS FEE ) A BT I R R RIVE R B A ZENUT o tifieid, 2™ i i i
ARG AT, R REaERa L A BIVE AR R, X — s R e A P 11 R e A 20T 3 1

TEAERIE IR cbe FPIRIfCRS A WFd . W{EFT X (Y Assign FIEREOR FH TR Y cal1,

AssignJYE stmt RWF, BUILATDURASChRA]. 554b, BENTERIRRZ PORGef
WAAE, FTLA Assign SEMREERAE Pk —2s = R BIVE IR

A, AT call & Expr RE9TIE, WL call BT 5 A% 1B
fil. call HEEHTUNAE 11.12 R

@ ExprStmt B9~ 75 @ Assign EILH T

> v o>

& 11.12 Call B9E A%

AN IEFRATIM KR S H#8 R A Expr, A RIWERIMFRARIF9ExrE, A Bk
FHRZE3R 22 a2 B BIVE ] 2 A2 1 s tmt AR AT Expr. {H visit J7i: HABR [l —
N Expr, KL Z0IEFIRE stme AL, cbe Hhiliid ] IRGenerator K private
JBTE stmts W E Stmt XF4RMEP [ ik[R]

IR ERAT S (1) iBG

P RATE — N HARM Y S A 3 S R T B A [ SR b AU b ke . IR SR8
3 (x=y) XNAY AssignNode AFEHACALUNICHSTE BA 11.16 PN,
358 11.16  AssignNode By%E# ( compiler/IRGenerator.java )

public Expr visit (AssignNode node) {

Location lloc = node.lhs () .location() ;

Location rloc = node.rhs().location() ;

if (isStatement())
// Evaluate RHS before LHS.
Expr rhs = transformExpr (node.rhs());
assign(lloc, transformExpr (node.lhs()), rhs);
return null;

}

else {
// lhs = rhs -> tmp rhs, lhs = tmp, tmp
DefinedVariable tmp tmpVar (node.rhs () .type()) ;
assign(rloc, ref (tmp), transformExpr (node.rhs()));
assign(lloc, transformExpr (node.lhs()), ref (tmp));
return ref (tmp) ;
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M (8 5 HEA e I A — A 2 e FH IR MR [ EA RS, AR oA S g g P 35
BAAYR FER A E X, Wk—IF A isStatement JrikFINTR AR AL AYTEA],
IR SR Z5 R 7350 A Pl 15 16 B R RIS

HYoKTE then Hr, RIB{EZA AR Sl BT AT D o i AR AR B

Expr rhs = transformExpr (node.rhs());
assign(lloc, transformExpr (node.lhs()), rhs);

% 1 ZiEAHH transformExpr HEEEN A (node . vhs () ) FARhRftas,
[FIRE, 2F 2 SBA{EARER AN (node . 1hs () ) WIENH assign KK Assign 94
WEH stmts BT, assign FEMSEEA TR,

KABFE 11.17  assign FiE ( compiler/IRGenerator.java )

private void assign(Location loc, Expr lhs, Expr rhs) ({
stmts.add (new Assign(loc, addressOf (lhs), rhs));

}

assign FIEMEH —F VA, (HFZEEEN X T 2230 09 b EACRS X BLE ] T
addressOf ik, WHIIAR, transformExpr AWML MERN RIS, FanxF5|H2s
HIYRIBA, R AN IZ R RS A RS, BT PLX BT H] addressOof Jrik, #
HEAG R e PRI B A

[ irdzs @ a3
BEFEH AT — F IS A AL ka2 PO ASZA A 5

DefinedVariable tmp = tmpVar (node.rhs().type());
assign(rloc, ref (tmp), transformExpr (node.rhs()));
assign(lloc, transformExpr (node.lhs()), ref (tmp));
return ref (tmp) ;

X TH T tmpvar, tmpVar A4 BCHT R ImI 22 B . tmpVar A BRI
A i R b B Fak sUA AR E R, (BAFRAFE TR O A AR, WA cbe 40 - -
dump - ir FETOR B EAGAE, SRR N etmpNNN ( NNN F#EZEH) id ),

I Bp 722 1 6 S5k i Ch 1A HE T AR IE SR RE A8 23k 2O SRAEAE FH AN &I AR 175 0 b 7
TF, MBS i (=255 %1% ) W,

AR WA 2R 3R L oW A 30 A i R 265 1 i 2 A - R R [l 2 3R =X (E PR H
fran, REZIEWT Cb 1E4],

int i;
£(1 = g(7));
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PR £ F g #BLA int ERIAYEASEL, JFRI] int RRIMME. iR Chifih)—i 8 H 1
WA, — A BV A SRR 4 R £ RIMIEIR T X AR S Eikis s, RFREi R~k
HAEAE

int i;
int tmp = g(7);

i = tmp;
f (tmp) ;

B MR A B AR e i A 1)
J35h, BRI RE AR T T XA AR
int 1i;

i=9(7);
f(1);

RIS 2 kA ik 4 905 . Bl i 2 R s s g TR, IRt J LI,
B T PERELIAMBA A AR R, B—EOLT, 2T s S R, TR T A
FerA bR A RIERIRIA, BN, 205 %N X AR,
f(*ptr++ = g(7));
FIRTERIPAT 2 IRACIII *ptr++ IERRT A R S R R AR (RN SR BREE 1 Aoy kst
Trietfe, WNPUR, BIFNERALE,

int tmp = g(7);
*ptr++ = tmp;
£ (tmp) ;

IR ERIAT AR (2) FiA

WEAR O 22 BRARE 1 A I A2 B A T R AR SC A 2, TEFRAT I B R ik U e fe . PR
B— PARAA.

DefinedVariable tmp = tmpVar (node.rhs().type());
assign(rloc, ref (tmp), transformExpr (node.rhs()));

assign(lloc, transformExpr (node.lhs()), ref (tmp)) ;
return ref (tmp) ;

R AR AR R R R A, TETE R — R bR AR
cont (lhs = rhs) — tmp = rhs; lhs = tmp; cont (tmp)

XHUIMBL T 440 cont MIRREUAM, BERIE SR M T IRERSAREMEEREAT. 4
BT AR S A R e AL Zk AP IR B A0, PRl BT R BRI Rk,
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HoE, E8 VAT tmpvar JriEA ImI S B, tmpVar 7k SO T AR O AR
ORIV

A, 755 217 transformExpr B A b RS, I assign Jrikig
ﬁiﬁ@&ﬁﬂ stmts )ﬁ’@ﬁpo assign E‘J% 2 /I\%%@UF'E/J ref %J‘BEIB‘IFHEE%E@*IEREE& Var
BT ARG, FESRE 2 474 OB AT 12 A (T 5 i i 28 s 1) )

TE55 34T H] transformExpr R ZE ey i A, IR im 28 5 R4S & o

e, FEE A ATIR I G| AE A AR 3R, XGRS R T .

NNCE
o
[

4

XEHNTRHA—NNEIR, KB TE—FTRED, X2RA HRBERIAX AR,
cont (lhs = rhs) — tmp = rhs; lhs = tmp; cont (tmp)

WHIFTIA, cont ANRFREFH, TUNEFEAFABEREINENRIEN, Flw
return. ++, HEEZ 10 EHENRIARHLH @M, BRI, cont o] UZEMEHRIE, o
MEHEZEA “MEREIXZGHTHEF 2R,

2GR, BRiE main AARE a, R a FARE Db, KB bIFARE c, c FHITIED
return (lhs = rhs);, MEFRERANITZE, MEE cREl rhs BI{E, BHITERE b FRZ
5, REPITRE a MRS, RGBT main RBEFIST D, BFER, TAFRANE T UIER
NEiRR TERZERIT~, 2EERIT~" XHEH LT (context ) KHITH,

XHEH) E TR XFRALEFE ( continuation ), ZERIA BIFRIAR P, cont FhEEFEMEEFR,

5B B LhgsEiR

IERATHRE — A BIWEHI LR )7, RIS E A (expr++) BUFAHRUS . J5
B P HY Suf £ixOpNode HYFEHRASUIARALE 5 11.18 Fi/R .,
RABEE 11.18  SuffixOpNode KI%E# ( compiler/IRGenerator.java )

public Expr visit (SuffixOpNode node) {
Expr expr = transformExpr (node.expr()) ;
Type t = node.expr () .typel() ;
Op op = binOp (node.operator()) ;
Location loc = node.location() ;

if (isStatement()) {
// expr++; -> expr += 1;
transformOpAssign(loc, op, t, expr, imm(t, 1));
return null;
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else if (expr.isvar()) {
// cont (expr++) -> vV = expr; expr = v + 1; cont(v)
DefinedVariable v = tmpVar(t) ;
assign(loc, ref(v), expr);
assign(loc, expr, bin(op, t, ref(v), imm(t, 1)));
return ref (v) ;

}

else {
// cont (expr++) -> a = &exXpr; VvV = *a; *a = *a + 1; cont(v)
DefinedvVariable a = tmpVar (pointerTo(t)) ;
DefinedVariable v = tmpVar (t) ;
assign(loc, ref(a), addressOf (expr)) ;
assign(loc, ref(v), mem(a));
assign(loc, mem(a), bin(op, t, mem(a), imm(t, 1)));
return ref (v) ;

}

Suf fixOpNode HIFAFRSAIFATE 2N IAAIEAH LU T BREOARER I RIE
T 3 P T e, BrLGR BRI, SRR BB ALY . TTEERBEEE N R BR o

public Expr visit (SuffixOpNode node) {
HBALIE ;
if (BMMBGNERT) {
& i++ RIEL += 1 dE{TeE4s ;
}
else if (ZBMREGNTESIHNBERLT) |
cont (expr++) — VvV = expr; expr = v + 1; cont(v)
}
else {
cont (expr++) — a = &expr; VvV = *a; *a = *a + 1; cont(v)
}
}

Horbr, 20 2 W EVEREUAL A AR 2], DR FRAT] FOR i — T il RO S 3 &% ff i pR O
Sk R HE R4 RIS 3 R4y, AR R

Expr expr = transformExpr (node.expr()) ;
Type t = node.expr().typel() ;

Op op = binOp (node.operator()) ;
Location loc = node.location() ;

DefinedVariable a = tmpVar (pointerTo(t)) ;
Definedvariable v = tmpVar(t) ;

assign(loc, ref(a), addressOf (expr)) ;

assign(loc, ref(v), mem(a));

assign(loc, mem(a), bin(op, t, mem(a), imm(t, 1)));
return ref (v) ;

— IR 4 FALDOE A 1 A SR T BEA T 10 S BT S8 i, o 52 i 5 A
lpRIA, BRI & LA kA,
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AT G R AR . B LT 2 ANIERT AR i a BAFCZE S b AR i, v 2 A
AT E R AR 6

M 3 K assign kT,

%11 assign HEEM transformExpr HEW expr++ I expr $h0 A EAT
i, IR e R bR 25 I AR 5 a

%2 assign HIEKHEE a FTdE A ERRZG Im 2S5 v,

%31 assign FIENAEE a FrAE a AU(E S0 A 3G E A . X R bin 24N Bin
R,

W node . expr () BFRAXMEBENFEEBIE, bin k2 A (ER L HR £ g m
HAI sizeo FIINEEHR prr++ XAEMFRA, JFHAE pre (ALK int*, IBABETTZM 1
l*sizeof (int).

FESS B I FRIR A 25 o] T BARA RIE A RA U e e — A LB T 7]
L, R S A AR g, AP RS 2 AR 2 T . O T T Z S LR E L AR
AR, A R QR0 B Be i A 7 X S A R B E Y .
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HHIM RS G

AFEZHTHINE IR T Ch BOTRIEME M. 25 HEARE T R E L a e =, thE
B Cb IREFAITFALERIE S 1o A TR IEFHASCAILEE S, oL e = .

PLERE & 2 BB R TR M RTE 5, P RS M R R A A DGR, T B PIL &%
BH . M Java ATy, AR>S T WURASHUE X R A PR 2% Java, ANIAEE S FTEAE
At ge, JMER S AL, A ATRER .

PRLHEATS S LR GE R A SRR BEA T

CPU #7FEsE

MYIEEMA R, AL OB E (bus), BREREEIE G T4, BiEE it
BHLP S (device ), HIEAE AT HE

TR BT B2 B 1 A8 B B B & CPU ( Central Processing s
Unit) FIZEA#88 (memory ), CPU RSEbRGUIEsMicE, mite OV <]
AR R (7)) e, e AT R LR 121 ERETRENRERY
—ESAXWA B, WP 12.1 R

THEHIFHLE CPU BiIF IR TT, MRIEAAAE S H AR ACR R U AR SR I N 2. TRTEROR
Ut TR R R AR (U C . BARE IR, HIHENLEI Db SoA . R 7
GAFEE, RALSCHMTIRE, X ETTEIL DT E 2 4,

HF

CPU 9 B AT 44 Bk B TEER (register) HIZEHEAE R /INIOTERRAE, 2EA728A0 /N 32 £
(bit) 5K 64 {1, E CPU AT, APREHOT T gy N
RO T, CPU Sl MAE R B A 17 -
5, IR LA AT AT, RLK I R i
17 8 K5 O DA 8 A 7 28 By 55% [15g
# (load ), K5HUHE M A 17 285 [l A2 R B ORI S el |

B (store ), TG A 12.2 FALIRX LML & B 122 FHiFss
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Mt

e MAERE2S (S22 08 ) RBUEIR R 25 A =1 >
B, HT S AR BT T G ek S L B o1
ﬁ“%ﬂ‘ﬂ,ﬁj’fiﬁﬁﬁﬂﬂﬂﬂm ( address ) E’J%%ﬂélﬁl‘lﬂﬁ ﬂﬂﬁf@,ﬂt3 + 103 0x2
ﬁ% e - MR - 0x3

HHE R MRS A TR S TR R 77 0x4

i (LA ) Mkl 0, 55 2 AN i ik 1,
5 3 A UL H 20 AR L A
o, WA IITINS (123,

ORI 0 BATLAFICY 0 SHE" 5% “0 Hiht". il [

. B 12.3 {ERAHbitEEEeS
ST MR S it it

Z IR RER S BEARZ TS, F1 OS AHSCHY TR 2 1A i 0 e — 28,

TEIAR OS h, A (HERE) [ANbz T, B3 Z m R — i fE i a2 2 A i
LR

IR AR AR R DX ol TS, IR AR P A2 5 il 2 AR R H R DR R i e A I
HORE3 S o B AR RO B | R ot R A 0 | R N 2 DS S 5 0 E D O VA 7 B | R |
JIRAT, I LR T

TERT LA Iz 17 2 R BTN, 78 CPU F1 OS MIBMETT, Frfr it E b 2#
AR I O Huhk T 46 B9 S O Frfiff s otk . iR iid, HORN O Mkl T iR 77 fifk fe 9ibn L
A—A, HAABRER EREATL X ey (K 12.4),

gl
0x0  OxFFFFFFFF 0x0  OxFFFFFFFF 0x0  OxFFFFFFFF

N N ’ .
.
N N ' ' ., P
N N ' ' . .
N N , .
N N ! ! .
N N ' ' . .

| e |
0x0 OXFFFFFFFF

LB beub

E 124 43Rk F0dE i

JHCESE R BT ) ik A ol BE Bttt ( virtual address ). T4 BAEAE w04 52 bR b ML FR R 89
b (physical address ). 734k, MERLHLIEAYFEAARVE FEIFR A FRF Ot ZS 18 (address space ).
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Bk, XM RE E A AR LS T AR . B, KBRS o
R/ 4 KB 5k 8 KB WAL, XAERANIFRNTT (page ). $545, MW ZENAERT, OS £
PR DT B2 VERR , FE I DT 400k g B hE 6 R OC R IC ] OS B Mk i
3R . ZJEHEUE CPU B TAE 1o #ERRMH Bl bl U5 B A7 6 28 1), CPU IA#EFR A MMU
( Memory Management Unit ) A #5235 ] ik F 46 3201 HuhE 4 (&1 12.5),

R
O0x0  OXFFFFFFFF 0x0  OXFFFFFFFF O0x0  OXFFFFFFFF
< MMU 704t >
i
0x0 OXFFFFFFFF
Y

12.5 HbtasER

C 155 WIREM 2 R U f B SST , BI Uk 2481 15000 5@ F el char* 28815F
Pila), stRERSAS B iZ B A k25 [l Fp 15000 Mkl FA(E .

[ sxiss
S - SHEEHLITER CPU RIE IR 2 AME A A B i (1 . DVD-ROM, &

TN TR RN R B . M R RS,
1 CPU DU LA —FE, X LLi & #h i B EH L), anlE 12.6 Fizs.

4
N

(cru ]“%’[ﬁﬁ%%%]

HDD

()
(A e mss. wns )
126 EHEDLEHRE
CPU i ML F SR e A i o, LAl DL o i S e Ml 5 AR, ol L i (<192
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RARE BRI s e EioR.
TEIEN 12,6 1, APAR G AHAL B S R RS A — AR R b X5 T A S F AR T LA Bl
FAEARBIANTR, AARKA XS, Fin, ST SR A 12.7 s .

B 12.7 HETHEEMET Intel CPU BITEHZEH

EHARES OS AR A FHFEHME &AL IERES ., EARABHERERN, RE
PR el H R A R A B, Il RIS R e A B st 208 T
g

FHAB AL, CPU Rzt i AR, AT CPU A H AR & Z (8] B 4 H 4
TREEBOTEEE 2., RE W, CPU B EEMHAL R Z#HTUME, fEMHAB R T H
M}, CPU AEANEER HAB Az o, ot i, AR CPU SE&iif 1A 4y, (HEg A
Wit T IE e, SEHEAE

TEX ABRZ T, Fefitie e a 2 A A CPU R AR 2210 = A [n) L, (E A=
TR EAgAREE , CPU FIfFf s it H L BUAZ 055 . JCIE CPU A 24, WnRAEfE a1 1
PRAS TG, TR AL AR ) B s e e T

R T TERATAG R RS A IR 8, NATTHEAT T & A& RE I 2518, Hoh iy — A st 2 “ff
eI EIRAL” .

HAA AR AR RS, A A RS r, EiuEAR . WA WG 2R AR
K S A AEeR TE A G AT WAL, (H &S e G s i oe . TER I AL — AR A 1 GB
F 2 GB BUNAF, MR 1 GB AR S At iO3E, TR E R i AR 1 Y R4

F B T 284F (cache memory ) FIFLE] (& 12.8). B, AR EAMRHE HEEN IFE6E
o RIEEARIEMERS, o ARG, 7, B/ R S ARG g, X
“LRATT . 1B N FAEAEARIRECEE , ARE 1 B JE R 2 B AT RN A b (GIATERAT ). X
FEFFUR T ) AH ) A B i e R TG v Il s A BT, Rt CPU mihEng frak i s iis 17 .

I
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CPU
Q) —FF BN T FiEES Q EREENER
hnEkEdE, B h#E, THIFEE
BEEEEFD, FhEes,

TR
(R, Z8K)
12.8 ZFRIHLE

HRGAT AR EAFREA/MI 2, BTGRP . M7
5 e L A BOE Y s 257, 5 AR R EE .

KRR ZATHLH R Z RO EARERBIRIFROVE . RO R 2 B0Re v 0 A St it o] 4
Vi TR AFAf i A RP 8 DGR AR . W2 8, Vsl — B, Bl R oA T A9 AT R
R UL RIME A ar A /N, (R A A7, SRE ORI T AL R AL

FiEERRIRIR
BT CPU M EEH B Bk E 2, WS AR rU
FFRATHEN CPURNEFME ANEEE, Bt

M7 RAZREFZEMNREZNYLH . 0B 12.9 iR,
B, ZETUEZE, B CPU L FFIEMRFR L1 cache
73 L1 287F (L1 cache, level 1 cache ). L2 £&7F ( L2 cache,

level 2 cache ), XTI F B EMIR AN RIFMHESEEKZR
. L2 cache
( memory hierarchy ),
MAEEENITENEDEN ZE ST 2 hEglF, —&
BRTENPRE ST 3 REF. L3 cache
Eca it

E12.9 7EEEHER



AR A B TR 8 (6 19 x86 51 CPU I 4L

[ x86 &3 CPU

AT AL I CPU KECER /& x86 %31 CPU (x86 CPU) [W[FZE, Pentium (A5 11,
iii, 4. D). Celeron, Core, Xeon. Athlon, Phenom. Opteron, iXLL#fJE T x86 &% CPU,

x86 %41 CPU 15 R1JE Intel 23 7] T 1978 4-4fE I 198150 8086 1 CPU., “x86” H[1) “86”
Bl 8086 Hf#%) 86, M 8086 %I Intel FiLHEH Y Core i7 M1k, HILTIRZ x86 R4 CPU, % 12.1
H5126 T Intel FEEAY CPU,

*& 12.1 x86 %% CPU

CPU % EAmATE | 451E

8086 1978 Intel B3k 16 £ CPU

80186 1982 7 8086 B 3 H0 T SMNEI Y IC BB EN CPU

80286 1982 7 80186 MUY 800 T R RIPTHEEA CPU

386 1985 x86 RFI &5k 32 fir CPU

486 1989 32 i CPU, M 486DX FFEA3ENN T3 mEnn E B T

Pentium 1993 1% 486 EE RIEIRF

MMX Pentium | 1997 % Pentium BOEH 3T MMX $54

Pentium Pro 1995 AEBLEME RISC ik, KIBRFHT 32 (IESERE

Pentium || 1997 7 Pentium Pro B9&&t Fi#H07 MMX $5%

Pentium iii 1999 7£ Pentium |l B9 A #8007 SSE $5<

Pentium 4 2000 7€ Pentium iii BOE Y F320 T SSE2 #5540 SSE3 46<, EHRIEH I T 64 it CPU
Pentium M 2003 k77 Pentium i B AERERM FE 5N CPU, 32 fiz CPU

Core 2006 7B A Pentium M 8922449 34% CPU ( {8 Core Solo X2 81%# ), 32 fz CPU
Core 2 2006 Core BI¥E3%RR, 64 2 CPU

Core i7 2008 Core 2 B3R kR, FHE T AFIRHFIZE, 64 iz CPU

% 3k CPU Z4b, Intel s &7 T TS5 #5145 Xeon ) CPU. Xeon R4 & 7 i 451 14
AR, HA SR —FE, — BRI R CPU 3ERE B3N T X2 CPU WSZ R4,

32 {7 CPU

TEX AL CPU Z i, HRill HAT BRI 4 386 1 Pentiumd T, 386 42 x86 RS
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H5—3K 32 /i CPU, J5 Y Pentium 4 /2 Intel [ x86 Z2 51 45—3k 64 il CPU, SZPr | “x x fif
CPU” (W7 LA, (0 2/ D20 2 T X 2 AN SREA R IEHUAEFR A “n i CPU”,

1. B nUENBASES

2. B& n I 89l =8

AR R T TR B AR RS . 32 7 CPU M3 H A g R
/K324, 64 1 CPU HYG K 64 i,

KF 5 — DM “Huhkzsa)” RO LR T . Huhk2s S8 2R R L hE ) 4 &
TR, AL, AT LAULEE C i 5 e B rT AT IR Hh (43

IR CPU Y, S8 FHZFAEAR RN R AR RN, T EERBAEFS 1) A 0 [l b AL b ik 2 ] A
—F, B “32 4 CPU” 3B FHZFAEAR 0 R/INA 32 0, FIH8ET I R/NATE, k2 (8] 4 o455
32 PEBKEREAE TR M RS [FIREHL, “64 7 CPU” B3 F XA RS Y K/ SE: 64 B, FIHEEF K
JNFHTRD, ik Zs [ TOAF 5 64 (P EEERENS TR Rl AU TE

At e E, x86 2% CPU HE{#i H| PAE ( Physical Address Extension ) XAEFIALE], 32
H7% CPU A LAFRAE 36 38 i ik 23 (], {HX 2857 FUZ R T OS WML, — Mtk ferhaf
ERAE R bk 23 AT H 2 32 (BB ATl . A A3 R0 B ASYE B OS NERIAIL], PRl ad 24 32
{3 CPU Ayttt 2s 8] 2415 32 (353 IR % &

Eo%

WET A, X 32 7Y CPU Sk, Intel §EARZAMMER ™M, TEXZFZHE CPU
ZIa), BREE DL R AR B A A AR A DX 5] o 91 an e W) 19 32 £ CPU 386 FlFe#i i Core 2 AH
Fods, B A E 100 G M 2EE, SFn A DL ZIRIERR AN . 386 JEA LI A
Gi At o

S XM 25, — M 386 Fil Core 2 H AT LAGEFR A “x86 &4 CPU”, X JEHH 386
Fl Core 2 REBEPATAHIF IHLARIE 5 IUFE 2o QnSRIE HAH ] 386 U484 2n S LY, IBATE 386,
486 . Pentium. Core 2 FHSFIFEREIEIHAT. BIXHEAIRIN CPU ABREHE AR REMIHLEE 5 IR R AR
WSS EEZEH) (ISA, Instruction Set Architecture ), W] LI FR 35S & (instruction set ),

EBIEFORUL, R EAMGIE S L, BMERAE A w4 AL ik, HEUER
P [T T8 75 S IR, AR 2 A0 AR iz A T 45 RN e A R Y o 1 JCi8 /2 Sun Y Java
VM i&J2 IBM 1 Java VM, if iHRJPATIIVERGEAHFRY . B, 227 i B 1 14
INERZE A AT BB 4 AN ]

B A R ANE S IR —FE . A FTE SRR CPU, Joie s s St A & BRI 22
5, M IE RFE P ERRE 8 [RI R AT o
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Intel % x86 Z%1 CPU ZH1) 32 i CPU W5 S EEFR N 1A-32, 1A J& “Intel Architecture”
B/‘Jf\éﬁ 7N o

|A-32 BIZ5TE

MIA$EE] T i Ll 386 MR 2 45 MARIT, R4 TIBTEf 4 CPU L& [FFERENS
PUAT”. IETE R UL IR ] TA-32 BIHE S HE eeee 7Ol HAE A 386 MRS S
FORREREE 7 OSEBR L, BMEJEEE T IA-32 B9 CPU, B2 )5 Wk A CPU, Fr Hemyds Stz
KX 23 CPU 4i'5 IR P RS FEHTY CPU LigfT, (HEad Rt ARLAT LI T

1A-32 AL & TR ISR D5, LT A 7 i A S i hsgn e 4 . Mt/ 44
— BB H R R 4 o

e, 486 BN T AR W EE TS 4. M 486 (Y 486DX RIS IR T iZ A BIZH BT
(FPU, Floating Point number Processing Unit ), SZHFIF M EGEHE . 486DX 3245 7% s ks

54 FRh x87 FPU $§% (x87 FPU instructions ).

386 WAEHE SCHFiF RGBT, (HasZi s SNEC #4409 387 1Y FPU. WaitiEiid, Forf 387 1Y
PLASFIBCA BL A 387 BYALAR P HAYHE 22 A — M. i, 24 Linux W IE B A & &
A7 FPU 11 386 (4 1F 1M

BT I HoAh B 2 #5484 MMX Fl1 SSE ( Streaming SIMD Extensions ). B&#AE N T
FATA 2 AR Y AR A B, R R 1A-32 $8 2 T inikis ey, — Ik Hagtdr—
Bz, A MMX 5 SSE BNkt 2 R [FIn T 2 s 5. Watievl, 78 a Flb A
PRI, ARETHE ¢ A d fUARIN. B RT L, R MMX 8% SSE, iz 5 B g I eIk
FFRE 2 500 o MMX FZHTRBINIFATAERE, SSE F 2 TiF s B JF AT ab 3L,

g $E—T, 45 MMX /& multimedia extension AU FK . (BT ZEAA ( multimedia ) X~
AR LERI T, Intel W7 FK MMX JFFARAEAA[3A B9 fFK o

IA-32 i 64 i  B——AMD64

x86 FF1 CPU JfiA S Intel BEit A4/, HILTERR Intel LASL, WATEGA Al L7 e s
IA-32 ) CPU, HA il EZAYHEZ CPU A =i /e AMD.

ZrLIUE AMD B3, [ h AMD SET Intel #2217 x86 RV 64 Hi 2, FHHEL T
L. B AMD B x86 BRI 64 152 E2EMFRN AMD64., AMD i (1) Athlon64 |
Phenom . Opteron iX JLK CPU #B/&HE T AMD64 (145 4 HE 4044

B AMD J52E )& L Intel 7E—HFHL 5, TEHCH CPU A T F1 AMD64 JL-F-#H[A]
#°H Intel 64 H454 %, Pentium 4 JEHIRYRRASH Core 2 BYJSEEF=h, DIMEILRY Xeon # e
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T Intel 64 F54 521 .

FHFR AMDG64 Fl Intel 64 B, Al F 4k 57 28 5] 45 7 14 1 iF x86-64. 5341, Windows
HefE AMD64 X R AR TR R x64

BIXHFE, x86 Z51 CPU 11 64 ¥ R4 TFA LM, LHERSIRE. ABoRT e
X86 [ 64 4 BT 5 I AMD EUhl, K HLGFR N AMD64, JFA cbe Wit 1A-32 FHI 4 2%, B
PIA G AMD64 ) L-F A2 B

WA IRERIEA Intel F1 HP — i TF & 144 |1A-64 U452 281, TA-64 HAR 4 I
TA-32 HHMBL, FLSEAN TA-32 B 58 23R4 . Intel 4t 1Y Itanium Zb3EEE 3T TA-64 211,
Core 2 il Xeon #BAJE 1A-64 Z2F4)



ARTEAR T E—T 1A-32 BIREEL.

IA-32 B9S51328

IA-32 /) CPU W HERZ A i, BRFSLERal i H FAEaE & —EMRH . 1A-32 32
B —LL A AL 12.10 B,

BATFE (321 x8) &7 MMX & 7788 (64 i x8)
| oax | | osi | (326 x1) | mmo |
| ebx | | edi | Iml | mm1 |
Ceo T e 1 (505 L2 |
oo ] [ ] [ e ]
TR
E——
| 0 | | mmé |
| = | | mm?7 |
| = ek b, a2t 1)
| st3 | | p—— |
| st4 | | pp— |
| stb | | p—s |
| st | | xmm3 |
[ st7 | | " |
| e |
| xmme6 |
| xmm? |

mXcsr

1210 1A-32 HEEF 7S
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IERAHL > H— T

AR (generic register ) JEAFERT A M M AFAE 4R . 0B h 32 (LAY 27 4%
f5 eax. ebx. ecx. edx. esi. edi. esp. ebp It 8 14~, HTHEEGEHE FFEEALHL,

4 36%T (instruction pointer ) JEAFH N —SEHATHCAS A M ) 27 A7 4%, AR A0 12

BORFE . TA-32 MRS T8EH I SERE N 32 fi, FRA eip.

REFERR (flag register) JEHTIRAE CPU Wiz AL K iz FORAS S bR B 0 27 A7
ro TA-32 MUPREFFAF AR 32 198, PR eflags.

FEHEFES (floating point number register ), i X, JEAFHUF BN Aoy, HTF
BEIEE . TA-32 H st0 B st7, A 8 DI 80 i I TE BT AT AN o

MMX & 7788 ( MMX register ) J& MMX $§4 I 2ff£#% . MMX Pentium LA/ Pentium II Z
JE ) CPU H M mmoO 2 mm7 3 8 4> 64 (i AZF 74 (HILPR B MMX A7 a8 FIPE RSO3 A4
AL, BTG RIS T s B 2 A7 2 A MMIX 27774 o

i, XMM ZFHFs8 (XMM register ) J& SSE 54 MW 27 ff-#% . Pentium iii LI ZJ5H) CPU
PR BE T xmmO F] xmm?7 3t 8 4~ 128 75 XMM 4745 . XMM 277728l MMX 21725 A [
BT AR, ARTE At . 948, mxcsr F1F88 ( mxcsr register ) &%/~ SSE
TR M BB R T A7 AR

B DR/ Z AN, A OS WA I RS 788 (system register ), debug fif
fEFHE debug B 7Fss (debug register ) PAK 32 (i35 FHAZ| M ETFES (segment register ),
TEINZE S % 1A-32 ST v

PN T — T s s ST i EH .

BRASEE

BAEFSE (generic register ) S4BT # MR e = ) 2747 a8, T 80s B AR AL #E
122 AR T TA-32 (K38 FH A A4

K122 IA-32 HEASTERS

HFiEe# A FRE H Sk

eax accumulator

ebx base register
ecx count register
edx data register

esi source index

edi destination index
ebp base pointer

esp stack pointer

@ Intel #9 &% F-Ht : http://www.intel.com/products/processor/manuals/ .
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BULEE A, (H3EBR [ ebp FAF# 1 esp A AL AR HY
VEMEA FIRER . X277 53 3IF5 N frame pointer
F stack pointer, FT-#AEHEEM ( machine stack ), HLEsFE
FRAH DG 2K i J A o

ebp ZFIF AR Fl esp FFAF R Z AN 6 A BFAT4 JE ) - mT A
BT, X 6 DA A T R BUE . T Ak
DL R N o

Ji8b, Gl A AR AR I SERE ARy 32 A0, AT LI B Y
—HB53AE 16 8% 8 i AR A KA . AT LUK A
Citi & MRS RMBLE . Bilan, 7TLLKE eax TFAAERAOMK 16
B4 4E 16 A58 M 27 A7 2% ax e iilnl, #E—0 Uk, AT LRF
ax Arfrar i 8 MiAVE R ah ZEfEdy, 1K 8 FifER al ¥ 174%
R

FATPHE XA (38 H B A A 1 ] 24 S as 7E ] 12,11 vh

[ s
BT UL A

32 16 8 0
eax ax
ah | al
ebx bx
bh | bl
ecx CX
ch |
edx dx
dh ] dl
eSi IT
°sp [ sp 1
bp ——
32 16 8 0

B 1211 BEBRFES

VEBHEE IR (stack ) AL RFHERMIE . HZ—FhSEit/a B2 . TA-32 rhag it
R A1k 2 6] A — B B AR AT, SR TR A7 sRE I I AR AN SR XN B A

WHIEHAR 87, O TRERIRIE, AP O LA R o

HLES KR 7 B OS M. 7F 1A-32 9 Linux “F8& b, HLESER A T4 372 09 Ho bk 23 i) vp 4
iT 3 GB ZAb, 0] 0 Mol Ty m 2E4d, BPAILARARIE DA 5 ik ) A T 2, 161 12,12 W4 T

1A-32 IIRILARER , 1545 & R 04 REE 4 .

0x0
TR EE B H 5 18]
0xBFEF8000 KT
TRIE
0xBFFOD000

& 12.12 Linux/IA-32 B84

( BEHUFRAFLE ESP )
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IA-32 ffil#&$a%t (stack pointer ) SRFERHLAER . BAREE Cesp TAFAN ) RATALATERAL T
HohE AT A A o B R T R LA AR AR T HEAFTRAE esp 25 A7 a PO ARWTSER, iyt
ESIR oA

WSSt AR

B FATE LA IR 4 AT AL 17, K esp AFAramisl 4 RIEMPPLATER, SRR R
A5 esp A 7R IR AL (P 12.13 ),

esp esp

R 17

B 12.13 mHLEEHKkERXK

AL AR K 55 AR PR T FE AR A0 [ #5023t N2 esp 2977 A T 418 1) A9 St
EREARZ R, N esp WATARAUME (AmbLAA ).

esp esp

17 A

Bl 12.14 M5k

TR AL-32 RYBLARERIE ] O MU SEAR Y, PRICHE AN esp AFAF R BOMEAY T “SiibL etk
HAR, WEREAEMPYLEAL, T 20D espo

[ sgtsomis
BRSO TiE . TTLUEIRA S8 R AR MR S T 25
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TS5 - esp 1 ebp HOFR IR0, 1A-32 FOmE AR ALIFE 8 4, SE% Hetz
P IR 2FAE AR o 6 AR T, LRI (RAFREAT 6 S ROSUR A BE TIE 3, 12
ISR 268 2R T R FH 2 A B TIB 5

(((((al / b1) / (ec1 / d1)) / ((el / £1) / (g1 / hl))) /
(((i1 / 41) / (k1 / 11)) / ((m1 / nl) / (ol / pl)))) /
((((a2 / b2) / (c2 / d2)) / ((e2 / £2) / (g2 / h2))) /
(((i2 / j2) / (k2 / 12)) / ((m2 / n2) / (02 / p2))))) /

(((((a3 / b3) / (c3 / d3)) / ((e3 / £3) / (g3 / h3))) /
(((i3 / 43) / (k3 / 13)) / ((m3 / n3) / (o3 / p3)))) /
((((a4 / b4) / (c4 / d4)) / ((e4 / £4) / (g4 / h4))) /
(((i4 / j4) / (k4 / 14)) / ((m4 / n4) / (o4 / p4)))))

JLPASA NECES I TR 2R3, (H A R ST Yk e 28 4t 2 o5 T2 17 4%
DRSS ] B A A A AR 2L, DR RV AR (A B R ks, o] e R A A s AN
HONIERM

XL EA LA . R AR v B R B PLAS AR TP AR A IS T S O A A AR, XA RD
I 22 AR AR RE TR . RS, Rerp e iR, WA ISR RTAT

RAEA 4R, TA-32 LASRAAE, Rl 2 8Pk RISC R4l h, F A7 fe e 2 2
2, —BAUUEEHF A 32 2L, Bilins oy MIPS 24419 CPU #itA 32 il HI A7
o x86 ZFNHY AMD64 it HIZ5 - de BB E 22 N2 16 4>, DRI A7 &R Yt 2875 5
NI

[ #mm
B AR — B B, C VA 7 AP I BRI RN THY . DR 28

SEARYE A PR B TP TR PR . XA IRATEAE BE C 15 7 P 5 pRECECE M L A 1) R
&M ( stack frame ),

wn, AR EE —TM main BREHH RS £, T S
MR £ R g KRR AR P . X TESAT R ER o esp
A OB E R AP 12.15 Fis g Btk
Linux/IA-32 H 1 EHEHE$T ( base pointer ), Rl ebp &F \ ebp
TR, MR AR T BLE BT T B R R A R
Y TOUAR AL Ak A TR A2 AR [ Y, PR esp 48 1) OS2 AR main B9
WY TR, X 2 AN2F ARS8 H R T HLES B AR R
A 0 v — RO B R 15 AT ) D A A4S B 1215 #in

PRl $t (frame pointer ), PRI gee AYFE B L R kT v 288 0] A LE frame pointer 3X1~44 .
1 AR AR QT X sefE B



123 IA-32 808EE | 229

° [HETE
® SRR TP RIS (1RE ML)
® RIS

FERRA R A7 RS B 0 HARS Bt R BT 297 (calling convention ) HE 1.
KA CPU 4244 | #5:0E R G0 sR B0 H 29 5 £ AT

TA-32 Y pRECJH FH 2 58 RIS HB Ui cdecl . stdcall, fastcall 3X 3 ', Linux/IA-32 Hifi FH
HE FH 298 & cdecl, X LR FHZERAESS 14 FETEAUER

é% =il
A LEIRATIM RN FOR FIERE, >k T — NTe248%t (eip AFfEar ) HIAHICNZ .
$6§418%t (instruction pointer ) A7 TR ZEHAT AL 9 HohE 1 ZF 748 . CPU M%7

Fr-gw AR T P HE RN — 2598 00T, SRR S48 HEE R T — 5484 (&1 1216 ),
CPU gLt i AW S SR R R A TR Y

eip eip
1 B 1
5% 2 5% 2
a3 | BUTIES T 53
e 5% 4

E12.16 $E5<HEETHILH
AT DLIE L ke A ok MU FR 4R S RUME, (RIS P TR R AT 4. CIBF R 1 £ 18
), while 150V M goto iEAJHS M k5 K SLBH
MRYE AR AR, A3 B8 SR PR R 1T 888 (program counter, pe ). gee HIH5HY
rhEr RS BRI e —TF

i

e Ja BARPE— T AR 57 A7 4% eflags. eflags J& 32 (A A74%, CPU MBI Mz A
KMME BEEALL 1A bit IFRES ATE ARAFAE eflags FP . 32 12.3 F51% T eflags AR
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# 12.3 eflags FERDHIRE

F12F  x86 LMHRE

TEIFR (LES RERIEXZR
CF status carry flag
PF status parity flag
AF status auxiliary carry flag
ZF status zero flag
SF status sign flag
OF status overflow flag
DF control direction flag
TF system trap flag
IF system interrupt flag
|OPL system 1/O privilege level
NT system nested task
RF system resume flag
VM system virtual 8086 mode
AC system alignment check
VIF system virtual interrupt flag
VIP system virtual interrupt pending
ID system ID flag

*T\‘AL;\%‘ UT 3 oo

1. "R EEERKREIRE ( status flag )

2. BT EHZENEIRE (

control flag )

3. ATESNTENBAZITHRSRE ( system flag )

Tl I A RESPRE RIS . RGARERES OS BN

SHEl, HP ST R RRE M R G bRk,

MR bRE, HsEbR R AR SR
PRASFRE BRI 12.4 PR,

XEhR Bz,

— TR

W) 22 PR BeAT Vi TR A BRI o A Brpf e

F 124 RERE
TRIFR FREREXZFR ax
CF carry flag BEER DK SR
PF parity flag EEERNTBIREN
AF auxiliary carry flag ZEERPK 4 mE 4 fEE NS ER
ZF zero flag LR A 0 BBTRIEE A 1
SF sign flag ZHY i%?} ﬁ%’iﬁﬂ)ﬁ%ﬂ] 1
OF overflow flag BEERMITTIE / AR

X LRGN — BBk AL S A . Bkt

LA N AR 13 T o
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HRBRMA AT

AATREXT TA-32 F AR AR B X LA AE A B ROIC B AT U

T SRR

BT 5 3B R IE T Gh ik

TOAF 5 BB A — R p B X flan - % 137 F e 2R 6935 10001001,
PR30 B 5 ik R R A7 (bit) R ZR7R. 1N 32 47 ToAF 5 35 B0 & BE = an &
12.17 i

MSB LSB
32 0

A Z st FoR B R

1217 EHSEHHNZHHRIEK

H Y MSB Fl LSB 4351l 26 7% f5 5 1 A A2 . MSB ( Most Significant Bit ) 5 [f] iz i {7
(F NI XTI AY bit ), LSB ( Least Significant Bit ) 8 [a] &l ( SR A7 XTI Y bit ),

[ srmssmEmp=
PR PR SR FIUY A 32 oS SRR I s 1218 BER, T 1218,

MSB LSB

32 0
Tk BN

FEL

12.18 BHHFSEHH-HFHIRIER

AR B MSB I TR, IR N FSAL (sign bit), £F50008 0 FRIER, h
1 FoR 8
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TR, IEEIE LN ELEAE I I N5, OB I B A OO 4 4 X6 1Y)
ZiE B (2’s complement ),
AT M

RO TR RN — i IS
T HEHIAMD B AR R

1. BT FIkRFRRETE
2. ¥R RIS
3.001

filan, SKREE 3 19 8 A7 —HERIAMEES, LR 12.19 iR,

00000011 (D Bi#E#IR=EE 3

11111100 @ $Z{CER

11111101 @ Ho 1
B 12.19 3 By ZitHI4MY

BU 11111101 J2%0fH 3 9 i lAbS . B R Z B0 AL R it 20k R -3 ., HI kI
MR BN UL TE T, 78 OB K/ INA G AT sz S5 w] LK A5 FIER (e —
AbFE

— SR R M AR 12,5 B
F125 —UEENTHHAMG (EELHH 8 41)

TEHEE ZHEHIRMD
1 11111117
2 11111110
3 11111101
4 11111100
5 11111011
6 11111010
7 11111001
8 11111000
16 11110000
32 11100000
64 11000000
128 10000000

THTER 11111101 /2 3 A —gEfl A, idFAR -3 59 “FEm MY . 80 n B9 ZHERISRBUE X
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SN “n BB I TR ENE T L a0 -3 59 e FE IR = 3 1A N 3 1 TR AN
Y
3247, RBP4 EdE, EEmENA Ewa S A 4 401, W E T A& MSB T TE
T A S5 E LSB FTFEM T, 2/ CPU R BIYeEN o — e JefEilt MSB FRAE =3 1)
BKIFRN K (big endian ), EHEAEA LSB FTAE 1 BZEAFR S/ (little endian ),
U 4 19 char 2RI E0AH 58T 24 7E 1A int 2B A0 80E e 32, 55 X AR RS
Bf, Ao R i ) ) TV P /s B SRR A3 BN TR R 25 58, 1Al 12.20 FFw .

A7 LEHHER

0x01]0x02]0x03|0x04

EKimH CPU _E1EA FENRE) CPU E1ER

4 FATH R ERE 4 FH R
0x01]0x02|0x03|0x04 0x04|0x03|{0x02]|0x01
0x01020304 = 16909060 0x04030201 = 67305985

B 12.20 KumFa/vis
X NFER BRI e B H ARl AR R 2 A B B R o Y =K
BN AR AR HER A, DRI Rt PR B 28 F 5 ( network byte order ).
37, ERIAE /N B F /N i O SRR R TR, BRI/ N 1 CPU (5 R 24K
TA-32 ) T/ N HI 4 .
G381k, IR CPU Z A LEIA AT LUTE K Al iz (Bl )4, AN PowerPC il ARM 4,

3355

FEARAT e NAE LR, XA R i Mk A% 55 (4 R

3% (alignment ) &4 EUIEAT HOCE AT LI, 2000 B 7 4 e BB A 8 ik 1o 9]
o, “UECEAE 4 BAEER b EE B SR BRI SR 4 AT SEIRE . 3 Ak, “FE n TS
Bt FAFECEARE AR IR UL n T i BHHES

IR TTHY CPU A5 35 BT A A0 A #0200 3 8 7 1250 /N B A5 5 %) Mt b 3 1) R
WALV, 2 F BB M IUCEE 2 WAEE sk |, 4 5 OB AR B TE 4 RSB sk
Lo T, 2 F BRI 2 AT R RS, 4 A R AL 4 FAT I AR
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B FARRR T & B $EIR (bus error), FERTRH AL, BEHRTH “CBL B
12.1 Aty “ R,

B TA-32 5 CPU HAkE “BalrBeitny”, PR EMEEA XS 55t HE s M . 1A-32 Juds
I FEXT S B DU BR T2 J5 S SR N S5 A R R AR 1 58

TA-32 ik LB AL 4 0 N A RS . 5340, Bl OS HriE FAME s i AR s
ML 16 T AHES, 140 Windows F1 Max OS X &% FER) OS AT

ARSI

W EERARAFHCAE NAE B, RS 3 AR A7 B AT ) e R HES ) o a2 vd, T ke
RILERIIR point FENAE ERIAG RN &l 12.21 s,

struct point {
int x;
int y;

¥

0
X
(45%)
4
Yy
(4%%)
8

& 12.21 struct point ZXEHEHENHRR

T8N, WX T BB A A RS D B S B B R N — R R SRR L. BI 2 B
WIRLL 2 FA h FHHER 4 S BRI 4 5 i RS

FE—2R, AT HXAE KNS — 1 B 3 FEHES B g vT B TR Bl Bt &l 12.22 fiR . Xk
H ] BFR B FE ( padding ).

struct s {
char a;

char b;
int x;
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8
12.22 struct s ERHIRNHE

GO, TR C il RIB T A R A A RS 2 A BRARELI o AR P B 0 X
F8 R Al L 2 2 1y B 2L AR 2 —




x86 iCHmessmiz

REFHEER GNU ICH=[ICRRE .

E= BERIN
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1) BF GNU CRBMHRE

AN GNU I s a5

GNU iCmse

— Rk, UNIX [ C gkl C i & RIS D gaiE 5 005, IE40E S Bl gieh
AhER, F55) HARSCIF (object file ). Z A AR diids 5 V8 Mk tp Ay, J& B R HLARE 5 e LA
B HLESE T R AR, HRRELUSUARIE AR WL aIE T, nltE e TIRZ .

cbe YV UNIX Ak, Hogmiedntn il gaih 5 09485, 1E4a#siE H Linux L7 2 d M
GNU as, GNU as i GNU ##it, 157544 M binutils AL T . gee TR i 2 GNU as,,

ARFEHEA A GNU as BRI L L RGED:, 50T TA-32 s S & i Tk

SCHIE=HY Hello, World!

IRAVERE — FILgE T & TEFNIES . 7€ gcc R E L - s ®Hig 3 C i H &
¥, GRIFELSTER Cil S BT i il gl 5 R 45 AL . A 1 SCHF 0 ST 24 R R AR [R]
VEZAH .cZHT s

it Hello,World! ) C TGS F2/F hello.c &4 gee -8 -0s HEA ML IIES
Kt hello. s WRRSIE I 13.1 s, HAEIi -os J2xt B ARSI RN TR AR
KEEE 131 hello.c WHIFLER (hello.s)

.file "hello.c"

.section .rodata.strl.1l,"aMS",@progbits,1
.LCO:

.string "Hello, World!"

.text
.globl main

.type main, @function
main:

leal 4 (%esp), %ecx

andl $-16, %esp

pushl -4 (%ecx)

pushl %ebp

movl %esp, %ebp

pushl $ecx
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subl $16, %esp

pushl $.LCO

call puts

movl -4 (%ebp), %ecx

xorl %$eax, %eax

leave

leal -4 (%ecx), %esp

ret

.size main, .-main

.1dent "GCC: (GNU) 4.1.2 20061115 (prerelease) (Debian 4.1.1-21)"
.section .note.GNU-stack,"",@progbits

XA R T AR C 1F B0 Java AL ELE AYIL S AURS . L4015 = ORI HME 2
b, ARZHTTHRMELU = F R RESE A, B DLWIRE i 2 SE AR 2k . ORI, GFAeE
BAUWEIAZ, IIAAEN, R4 85E T %

47 HTF GNU iCw=3RYCHmAH
BESREL 20k T I v AR, LRI L ok ik — R JBATANF as A, xHL
it hello. s T4
$ as hello.s

KPR IEH AR S EAR SO o BRIARYE T ST a . oute ATRUEH] £11e Aok
W HARSCR AR IERR A

$ file a.out
a.out: ELF 32-bit LSB relocatable, Intel 80386, version 1 (SYSV), not stripped

KN E/RT ELF- relocatable, FrLAR]LIAfRE HbR SCHFE R0
WA LA - o SeIFs ek A ScE 4 . BN, FESIF hello. s JFitH4 M hello.o
B HFRSCHRRS, W R - o 3EIRITT

$ as -o hello.o hello.s
$ file hello.o
hello.o: ELF 32-bit LSB relocatable, Intel 80386, version 1 (SYSV), not stripped

XAEE EA K hello.o XM T .
A 1 B BR SCHE ARV E IR 1817 . BRARC BB T HARSCHE, 1E3RATRE E 78z, E
BCRT LA TR o A TEEHER R B AT, K BAR U A 280G 45 gec a4 RIAT .
$ gcc hello.o -o hello
XAEHLREN hello . o Ml C 1B & WARMEREFA TR RS, AT LUBATHY S hello, EJAiE
AR E BT TR A hello fird.
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$ ./hello
Hello, World!
W EFTR, hello fi S IER BT T .
T RA PN G s B
)2
’(’/74' MASM #1 GNU as IER

#4 & Windows ] MS-DOS L RIES M AT ES A I B GNU as L HFIBES. — K
Windows £ 8L RIBS & MASM, RAEREHIA x86 CPU 1128185, 18 MASM F1 GNU as
BEEANR AR,

MASM F0 GNU as HiIBAZFRTEF/ T b 4,

1. GNU as BESE AR TRIEREKENESR (b, w. 1. q)

2. GNU as 9 mov 1ES HIRERIRE A “RERIES. B MRIER

3. GNU as T FREFRIBEMN 5 FS

4. GNU as BISLBIEBI B ZARAN s 5

5. [EESHUHNEERE

Blgn, E7E eax FESRIEONATFEFTEANEL O K, MASM MRIBATFIRo

mov [eax], O
GNU as B9iE RN 40T Frimo

movl $0, (%eax)

MASM M) E3EFRA Intel SL48, GNU as BIEERRA AT&T L4, EARA UNIX B KL
SRR T ATAT CHRIERH, P GNU as thiEB T AT&T L4,

BE—FRZ VBN ARHLRENERRIER, BERARSEAAEONER, BER LR
FIRED, ERXBCERTT, AT IEN,
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GNU iC4m=3H0i8 %

ARATEEXT GNU JLdass a4

SCERAS Hello, World!

TR TEAAE—F GNU as 19iE: . LA Hello,World! M5, 1%k 1% Hello,World! F2/%
WHRASIE A 13.2 B o
RADEE 132 hello.c HIARIFLR (hello.s)

.file "hello.c"

.section .rodata.strl.1l,"aMS",@progbits,1
.LCO:
.string "Hello, World!"
.text
.globl main
.type main, @function
main:
leal 4 (%esp), %ecx
andl $-16, %esp
pushl -4 (%ecx)
pushl %$ebp
movl %esp, %ebp
pushl %ecx
subl $16, %esp
pushl $.LCO
call puts
movl -4 (%ebp), %ecx
xorl %eax, %eax
leave
leal -4 (%ecx), %esp
ret
.size main, .-main
.ident "GCC: (GNU) 4.1.2 20061115 (prerelease) (Debian 4.1.1-21)"
.section .note.GNU-stack, "",@progbits

GNU as BRI 84 LG OHRAE . FREMTERGX 4 DERAUN. W@WRIERIL, 1
BRI GEH—1T.
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Y 15

TEFRATAFE ST IR LR .
$&< (instruction ) J& H#EHI CPU HSi AL MM Ar-4 . ICRSTE B 13.2 MRS 0 ], 478 4
#E, FFEHAL .7 FFRIATERRIR AT, N2 JLANE A 1 BRG]+,
mov1l %$esp, %ebp
pushl secx
subl $16, %esp

BN, movl J&:TE A7 a8l & WNAE Z AL S B4 (48 4, pushl J& MR REE 48 4,
subl BIFTIHILIZ B IIES .

84 PR A F2EAY BB A ( mnemonic ) *M’Ej\]é%ﬂﬂﬁ?%ﬂ’ﬁﬁi (operand ) %, PIFES
movl %esp, %$ebp M|, movl HENICAT, $esp Ml $ebp iX 2 MEFAEE, A2 A EEHT
DSCAS T i

[ sCemtnigie

PR — T L DAt
DLl .7 Ik, REEAES 7 MITEEICHMIRIE (directive) 17. N . file
"hello.c"., .text. .globl main #REILImINIRIE. T2 —LGL 5 DRG] T

.string "Hello, World!"
.text

.globl main
.type main, @function

g VR 2 g a%, EE CPU T3 AL HAH5 4. — M T7E B AR SUFrhid kot
i (meta data) SUH B ETRLSMEIES . HIA1 . string ERRE CFEAF R H AT g Db
TE, . text BHURIBAIL g thifft .

A} .string. .text Al .globl ITEHMILIEARF, Ll S RIA A E AR AL
TG . X HUE gee fi tHAAES A I BRINE , iR ™ AT E 4, A g D AE
MIsFTEs R

e
FHEEUL— THRZE (label ),
LIS« RINITERRST. Bl .Lco: 5% main:. HFHFREE TR IR,

.LCO:
.string "Hello, World!"
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P2 A I S 2R R BE s B 18 2n 24 (bR BATS ) Ihig, XAt n] LAAE SO
) L Ath b 7 R B AR SR o ol R Rl L st ring IL4thHE 2 LIFAF
s LTS . Leo,

CHEF T THTFAT (%) MEMAEFKCIBEF), F. 5. 70 87 Uk
CO7 ERRT DM AT, PRIt R SR FURAEIC A AR B AT S B, AT RN b L7, USRI C i
FHASRE S, FERLEA T, CIEF WA LU s ME AR IRAF . XA i AR LA b
UL, BT, BN, geec PHEE -fdollars-in-identifiers MHLAESE s MU AAE RN
FRIAF, 1B Cb TORBEIEAT $ /E AP ifF .

HAh, B HEIEE EHE, fFoamthIiEAa & 55, flllnain: WENFS 2R

main, MAE main:.

47 P o
FeJrvi— FiERE (comment ),
GNU as A] IR PRI RS, BPERATHERBMBER . 1R # TFRETTAR, PUERM C
WE ke, M /* JFlR, 3 +/ S50,
TR F T Fos .
mov $1, %eax # FeaxTHEHREN1
HerE BRI 70 F s

mov $0, %eax /* FFERTE
Fr & f7a8
B EIESHEEAN O
RIEFMIRE 0 */

ret

ey =

I IO FRAT PR A A 20— T 482 AN 25 o

Seskii— T84 B /E4E ( mnemonic suffix ), NIATRATIES] T movl Fl subl ML
fFo WHEMHLUL, mov Ml sub MENCEST, KREM 1 2G4, 12 long WHE, FonfENiRlE
XIZBHRI RN 1 IR FoRm BRI RN 32 a4

FRUXAEIE A by w. 1, BRI EAE 8 7. 16 (i1 32 (i % . 2 13.1 X EH
AT T 545,
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& 131 ETREA

e LSS ES PN
b 8 fi

w 16 i

| 32 fx

b J& byte F4i5 , w & word 45 .

SNSRI

RS E (BRSO AUF 4 Fl,
CALEEL
B
CEENEFSIA
. [EEANEFSI A

I EARUCE iR — T .

H5E, SBME (immediate value) J& C i F W FIHiE, PERET T, SLRVEERETIE
KB, REfEm iR, (R 27 XA, SCEVEUN s kb, WREIC T s, e nlUs ek
M CHAENAAGI T, X — R L RVECE 8 fi. 16 il 32 {7,

HK, T SRR E R EE. GNU L gndn e A feas Uil & JFk, il eax 7947
wr 51E seax.

JIEAEE—F, GNU LS A XA 24 FHRNE, bt T Lo seax 5 $EAX.
AR/ NGRS HARELL R, IS — MR E 8N . cbe 1R gee MIMBIASE— ML
NG

E#MNESIA (direct memory reference ) J& H A& U5 [ & N AF AR 7720, GNU IL4i#e 2
FHATAT ST BPECET i B N A b 5T D TR] . Blan, 27 55 o iYTE, sEssiiing 0 Hihl, FRREH o Jf
AMCELEIE 0, TR EWRE VIR MR 0 Sk,

Fee S B, B H R A5 (symbol ) BRI NAE. BIA0 . Lo YRR U5 AT
5 Leo s il . A5 TR g AR 0 AR S b A S BVER (AL ), PRI T
CPU KUt AT B 4 3 BB 2500 o K75 B4 oy 5 RIEC i BRI AR5 19 T2
JE vt

B BV EA AR5 . B#ERTES|I B (indirect memory reference ) 205 25 17w (B BE
HN AL TR T3 RIS R e AR 2SR, RN 4 — T

A W N -
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EHER7ZE|

BN P RE . Bal e F X FEMIER, disp. base. index., scale
Hh AT — 5 AR AT LLAS W o

disp (base, index, scale)

LR FEA iR (base + index * scale) + disp WMl {HE5 BXFEAT A & Joikil
NFARELS SO, PRI EFRATT IR Sy 7 2 EL 8 FH I 2T LR VR
TG, el R A S R A s

(%$eax)

R fg e 3l (base ) B, iR #EAF K eax FF77A H AVEIEAE R N A7 HB LK 5 R)
WA, WSF (CIEFR) & var MRS seax, HFA (3eax) HJEZH var BIE.
FE, WA disp WIENU TR, disp & displacement ( fWf% ) AYTEIFR .

4 (%eax)

EREARY AR NI HRTE seax PFAFa BOBRAYIERT I | disp 9 4, DLHAE N NAF
HHEREAT DI AR C IR E P, AU T U5 RIANT s USSR point HEYRLHT v I AYTE AL

struct point {
int x;
int y;

¥

T 13,0, AL R R IR A ) B ) ;
W4 eax FFAPARIT, MUSL y IOMBHERRE “eax MO + 47, Vil y £ e
4k RN 4 (seax) o

i, i index Fll scale MTEALATT R, —

(%ebx, %eax, 4)

AT A7 BT U2 % eox REA7 ARG (N |-
“Seax AL x 4" JFHBINIHIE SRIE AT C i
I, EYIRIER AN 4 F (0 int) EET
% seax PICEM, BLATLAMEH] EiRAF

A5 LB AR R, BRI R NS ,
SEREI, IEATHRE —F . [

4(%eax)

8(%eax)

disp (base, index, scale)
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Hiysla i}y disp + (base + index * scale) HINTE, base Ml index NEfF4s,
disp N HIEL (BUFEFFS ), scale WM 1. 2. 4. 8 ZHATE 7 RI%L,

NIA$ES] T (base, index, scale) MIEAEY T CiBH KD, (HIFERTARY
KR Vs IR T AR e N A R Rk, lin, IOl scale HEER 1. 2. 4, 8 Z—, JITLI
MBUEH R IT R SR PE R EEARET, SR REAEERIFE N AF T I IR DT R B TR . Xl 720
i AL 454, IR b 22 J5 FU5 R A

x86 IS SENIME

TEARTTRSE, 1EIRATRIE—T x86 ZEA+8 S AIHEEE
x86 RS EET 7 W LAT 4 F,

1. BAES
2.x87 FPU $%
3.SIMD &%
4. RFAES

AP R THEHES . x87 FPU 84 &7 MU B $54, SIMD #54 /& SSE 84, &
JEIRGAEA T OS NAZIHE RIS 2 .
HAOkR UG, TR Res It —2E 0 L TR,

1. %ZTET%%?
ZitHiEEES

3. ‘h&% [Pri=EisEy

4. BEEIES

5. shift ¥6<-#0 rotate 5%

6. mt¢‘“$nbwe¢a%

7. B HIBk TS

8. fFEtE<S

9. frERHIES

10. REHFHES

1. Htb

AR PR EEEL Ch SR SR BT AT B 2 HEATIHE . x86 Jtlyh sk Ar B R ik B
RS, NI BESCERTA YIRS, FREF M EEE ST T .




B /A

AT UETRATTR AR x86 F6 2 MIMISCINES . SR B Vil a7 a8 s N AT AL i B 45 4 o
HAASRUE, FRATE IR AFE S I3E 13.2 FiR,
132 1EHiES

L 1EA

mov B —X— iR

push. pop AT H %

lea pilIE=8: 2651

MOVSX. MOovzX HEEFSY R/ BV BNEIESE

R AR A BR A F AR i = B A HES . TCEE RS ANMEH mov BIERY, [HAE
H movsx 5 movzx MERFEZALE v REAFAIEN o B LKA B R movsx Ml movzx, A
PRAG TG i 2R A LR

//"7 'mov 1§

Je mov FEL VLR . mov SELEFFAT Ar a N AT Z IR A A, sk S RO 282 27 77 i i
WNAFIIHE% . mov WRILHIE S P RS Z—.

PP T LT CHRE IR, U E IR, IR SR .t
mov 154 I A2 BR B A AR

mov F§ 4 W F X s,

mov STEDE, HiFss
mov Hiree, Hiren
mov NF, TiFes
mov SLREL, NTE
mov HiFs, NF
mov NE, BF

A\ J

bRk, SRV AR A A AR AT AT S ] LI mov 45 YRR R
x86 454 AT LA S FHA 2R AR R, DI A AR R0 45 545 1 ik, i BFR.
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mov HIEH 1 SRR R “IR7, 5 2 BEEEoR et “HAR. Bl “wov A&, FH
B RO A RN 2R A A

LB TE B ARSI, 3 EARE A4 i B AR NES I BIIC AT 2] . ks 32 L9 RS
I 105000 JNEKE] eax FFAFARIT, 200 L2 1, SRR X EE

movl $105000, %eax

W 2FAEA eox TIEIERS 3] eax AFAF AT LA PR

movl %$ecx, %eax
R, B eex T D VBRI DT R NAE, IR N AE BB IN 3] eax A A7ds
SESFE Il
movl (%ecx), %eax
AT TG0 secx Ml ($ecx) MIDOIMELIERAE, wTLMEE 41E C & 985t
TRE S E ptr H BWEEFRT secx M9E, IBAXTHREEUEEAE *prr SEAHYM T (3ecx) .
Hhh, secx BVIMZFFAL, 1M (secx) WLEFHTFFAEVIRINFE.

push {E5<#1 pop 5¢

push vk
push HFirs

push 5 EHR R . BUAORUL, H esp AF7amisl 2 AR IBHRI AN, FRR R 77 4% 2
esp AAF f I ) A Lk o

[ pop FiEas J

pop THSREHE I IF S AR AE . BRI, F8i M esp A7 A7 0 T4 [l A9 Lk fin 205
WA, PR esp AAFAIN L AR AR A RN

push 1% Hl pop 1HHZIRIERR IS, AR 13.2 Fis.

WF 7R A push 4584 pop 8 HIHI T XA 4 2054, FIFHAS eax
A A ecx FFAFAR R RURBEA T 20 He

¥ eax FFShEHEE K
1 ecx Ffres h AR R
BT ESE I E cax 1788
BRI AEIRENEE] ecx F1788

pushl seax
pushl $ecx
popl Seax
popl %ecx

H o oH H*
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eax eax
77 77
+ 1 e ox0
esp

push %eax L —

L 7 _]
esp
| Hbdi OXFFFFFFFF
ecx ecx
? 77
1t oxo
esp
L — pop %ecx
L 7 _]
esp

| Hbd OXFFFFFFFF

& 13.2 push #5470 pop 64

SR AR A A PRV BIR A BRI, MR xchg XRERITE A 474 2 1] 3
L T84 ] xchg ZHORMRIR Pk,

‘%' lea i§<$

[ lea W%, HEE ]

lea F82 0% Hi bk TN 28 3] 2577 #% . lea /& Load Effective Address ( ZZafd il mnzk ) mImiFR.

“lea N, FAE" FNAFXIN BIHBHEINREN T A745
WL mov 8 A AT, WAL lea T8AMIDIBE. BN T A mov $84 Rkt
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ebx FFAFAIN 4 Ja REAE N NAF MR AT U5 IR, PR BRI eax T 174

movl 4 ($ebx), %eax

H—HH, B EREAPE mov I8N lea 84, WIT N, ZRIEAFF ebx 17
L 4 J5RERAEE] eax.

leal 4 (%ebx), %eax

[FIRE R NS TR, mov #5842 N AFHLHE T 16 18] A N A7 B RO, 1T Lea
T8 WA AR A B

WHEYL, lea I8 /FAZ MRAIRLRIES, TNEH I ER 8. Lhs A
Intel BT Lea FEPUIRIIN “HAE ", ML TGS, REEH PR Lea 8O
Hehada & —E UL 2 EBA ) B, B LUBAEARTT R 41

movsx E<$H movzx i5¢

movsx N7, HFires
movsx Hirse, TiFem
movzx N7, Fires
movzx HiFee, Fires

movsx Fl movzx e B N FEA /NS e R A SRR AL BE RS o BIINTE S C
W (Cb) MRl 2 3 ke 4

movsx fEH4 8 ful 16 f SR HE T4F- 54 JRIF IR B 5 FE8% . movzx F840F 8 fiimk 16
O BRI T Y I MR B A . 5P RAEY RSN ABR G I, B HRFC
AR XL L B A T SR A BRI AT

SFREH movsx 184 Ml movzx #8441, WA RIIHE 2 M5 AL B s Ko, FrilBh
AP 2 AT I 2 DT S8 2 movsx Fl movzx 1Y x.

G Fes A movsx 584 il movzx F54 1 —L6 4,

movsbl %al, %eax # Fal THFERTH s NERFSEY BT 32 MHNHE eax FiFs
movswl %ax, %eax # 1§ ax FESETH 16 LHHFSEY EE 32 (I NHE eax FFeE

movzbl %al, %eax # Bal FEHRTHN 8 NEFSEY BE 32 i N#HE eax Fi7es
movzwl %ax, %eax # B al FESTHN 16 NEFSEY BE 32 (I NHT cax FFes

1E CPU (2% F M i # #8 movsx Al movzx, 4K BAFLEM movsx 1842 F RN FE S
movs, movs J& T1HitE4, Ml movsx 5EeAIA,
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MBS R

N N MR

IRAER TR AT B 8 7 Ay #4813 ( 3 HI75 2 00001101 ) &2 16 £z, BN, e
unsigned char RAIFYHUE 13 #4#h unsigned short KAIFHUE 13 B, o kA XFERY
et

TE LR, & PR HAE ROE e m Ak 8 4> 0, BIF0000000000001101, 3X Fift i Az #h O
IAVEF I ET B (zero extension ), FH JEI/REEANE 13.3 iR, 16 C i H MM K,
TAF S BRI R TRy e

00001101 8 ArHIEEE 13

0000000000001101 16 % 13
B 13.3 HIEWEY R

TAF BRI R FZY T, I AR5 5 2 (4 st oz i AT 59
JRWE? Wk, MSH R (sign extension) BA M ZHIRAIGY AT I AHAE, AR4E 51
DA ) 5 BE A T4 e

1. BN REMNA 0 NS 0 ( Ty RBAER )

2. FEURM RS A A 1 NESMR 1

BRI R O AT 5 0. RSk 0 WNZEE N IE RSk 0, PRIULAF 547 i B ]
ARy “IEEREL 0 id m i Ah 0, SBRTE S AiAh 17, & R IEEE 0 BB AE w2 Ab 0 fY )5
PRI e Afiln], X BRI 1 .

A5, TR 1B R RAE T O RIS R . a0 8 1 -2 1 ik
HIRIIE N 11111110, 16 A7 A K -2 (1 —dEHI 2B 1111111111111110, ptknl 0L, ¥ 8
PR -2 T4l 16 A, HFAEm AN 8 A 1 RIW] . 3 Bt i A T A BT A Y
Uik e
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EREHERS

AFF AR —TILGHEF PR ARZE (el ) #54 . A5 h LSk 13.3
7N
#1833 ATHFRMERSHES

EL IfifE
add hovE
sub A
imul (BFSH) X
idiv (BHSH) X
div EHFSHERE
inc Big
dec B
neg Bz

add 154

- N

add SIRNE, FHiEssS
add Hirsm, T
add NF, FiFes
add SRV, WTF
add HiFes, N7

add 85 1 RAEEOEE 2 BRAEBUNIN, TSRS ASE 2 #RAEEL

TR BRI E A 2 BB X —i5. Bl add $1, seax FRHK eax A4
B 1, IR IAAES] eax A AR MUT CIEF TR += B85

T LMEH add 84 161+,

addl $1, %eax # B eax FHEFEM 1
addl Yecx, %eax # eax FHFRA ecx FSEFERWHIEIE NG ENET cax F1F7E

addl $4, (%ebx) # 1% ebx FFEE AR HIAFS LR 4
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[ ssiirtzat

HI T 27 A7 e FIAEA s A RS A R, DRRCE R T Ik s S st mT e A 2R ik 1 o ) 8
RLARERL 156 71 8 1 AYHEEL 100 AN, IBHARAYTERERU 8 2, A/EHiH .

BEEERRA N A, CPU PR A4 eflags TAYHEAIARE ( Carry Flag, CF) Bissty
B, RIgE R 1,

M ade #84-FIN FFEAFRE, BURETE 32 ZPLES L AT o4 (BRI Iz . CifE
H long long FEMAEHRE A AFHURAN XA IRE. ABAW K 64 fidimiasy, afLIfE
FI 1 2 e e i T — o

subiE$
[ o wEM, BHE |
sub BHTFeE, BHTFEsE
sub NiE, HEs
sub SRE, ATE
sub Hirsm, NF

A\ J

sub f54 5 2 RAEROMES | #4F8, JRRA RS A 2 84 Bl sub x, y HIET
Ciin Ty -= %o
A ILAME ] sub 82T

subl $4, %esp # esp HFERHER 4
subl Secx, %eax # eax SFRNOMEME ecx FFEHHNE
subl %eax, (%ebx) # ebx FFEEFTIEBNATHEIERE cax FFRHNE

add g AT XY 64 (1A HE S ade, [EE sub $84WLA7 X N Y 64 15 F A5 2
sbb. sbb i adc 84—, AREFHBEAFREIAT 64 fLzH . HEHNAEIES% CPURY
2T

%' imul 155

imul Hirse, Hires
imul NTF, H1FE=s
imul SLENEy, HESE
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imul FEANGEE 1 BRAVERCMEE 2 BRVERUSR, JRISEERE NS 2 BE%. imul 52010 1
PR 3 1A EE0IE R, A SR T 2 #RAEEIE

JiAh, 2 BAEEOE Y imul $8 R SCIFTEREN 8 A A A A AR B, HAY
2 N ERAEBCER N 16 75K 32 il A BRI TIE 5

T2 ILMEH imul $5840961F .

imul Secx, %$eax # eax B788F0 ecx FFBMEMT, EREN eax T2
imul (3ebx), %eax # eax BHf7Fesfl ebx FFeSiEEMNTE LHEIEER, ERE N cax F788

CPU W25 T WL Bl it 5 i 45 th s imul 84400 A5 nskikiz i,
SAh, CPU SRR ML T AT S RIL LSS mul, IR TR 5 A3 7E 28 mul
84

SERR ARV ERUMZE R0 SEAR R IS OL R, ISR EA S, #rT LA imul $848
THA Wt ul, 7ESCEN Chb MIZRIEREAT, mul 843 ARULTFER . gee M F—BATREHB AL
A mul #5484, HUATE 32 SERERE T 3T 64 S BRIIE AR RN, A2 mul $84

i FH mul $54 A — e 4% A BRI, LAz S 25 11 5 i A A a5 . R b T ofe
Rl i mul $54, SRR imul 84

idiv $5$#0 div i8¢

idiv Fires
div H1F8ES

idiv BAMFTRMBRNEZRIRS, div BT SHIIBRAZ AR S BEREh edx A7 0
I eax ZAAF A PHET A, BRECHEE 1 #AE8GEE, THREURI AR HIE A eax FF A7 f
edx A f7A o BT MBEREL . ARSI BRI AL TE A —FE, RN EIT S 53K 134,

£ 13.4 idiv54F0 div iIES(E S 7RSS

BRI T BREL BREL 5] RE
8 i1 ax F 1 BIER al ah
16 fir PHE dx #0 ax %1 BIER ax dx
32 fir PHE edx 0 eax %1 BIER eax edx

idiv R4 M div HE M RXALGE 2 5 TR SR B TR s AR . WAt UL, B
o 16 LT, BERBCILATUN 32 A BREC 32 (ZAYHE, BERECIALATN 64 i, x86 (i H]
WAFAR N 320, 1 DAAFAR IR 64 SLREUE, PIIAE edx ZF7aifil eax ZFA7a PAAFI—F
MBI R 32 (i, edx AFAFaR A7 BEBRER ) 32 7, eax AFFARAFCHREIMR 32 i,
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HIT Ch AT 64 IORRATY, PHICHIREURZ /N TR T 32 . RRIOTRRL T, (et
FIRRIKIESIZ AT, AU AE cax P72 1109 32 LBCRY BV & edx A7 RHEI 64 fi.
BT P 5 HURATAF 0, A BOAT e.

XF odx FFAF BT TR LA edx BN O BT, 0F od SEFFAF -4 RIS LT cLea
H4. cled A MBI

(o |

cltd & AT&T Bfn AL, Intel B F W FH A A4 FR N cdge. GNU I % % [A] B =2 R
cltd fil cdq, JCiMFHMEAHEAERAT L, ARFh Al gec —BUEH c1td, {HAEAR CPU 5%
FMEHERH A “cdq”s

i 1div 88 XA M-S BEH TR IEB BB F s . 24 0 1EFRATE B0 5] #82
VATVESR 1 AR B, T Lddy B4 2 FH A i SR Ak R B~

movl -12 (%ebp), %ecx # EFHIEA ebp-12 BEIENHE ecx FFS
movl -8 (%ebp), %eax # Y5t A ebp-8 MBI T eax F17es
cltd # f eax FHEB[INEIEF ST EE edx:eax
idivl Secx # MITETSHNBREAEZE eax/ecx

i div 84 BT S EBR LS F a0 T R
movl -12 (%ebp), %ecx # EHHE A ebp-12 BNEHENZE R ecx 1785
movl -8(%ebp), %eax # JgHhtit A ebp-8 HEIENHE] eax F1F28
movl $0, %edx # Fedx FHEHEHO (BT E)
divl Secx # MITEFTSHBRIEIZE cax/ecx

%' inc 8§

inc FiFeE
inec R7F

inc F8AKESE 1 #EEUM 1, MRS F CIES M ++.
i inc 84 MBI F R

incl Seax # eax HFES D HEIEN 1
incl (3ebx) # ebx FFesFriERIMNAGFS HEIEM 1
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[ dec 155
dec FiEas
dec R7F

dec F84 05 1 #RE808 1, M4 T CiES I --,
fHiF dec 84 MBI T T Fiw.

decl Seax # eax B frEs P HEIER 1
decl (%¥ebx) # ebx ZH{FasfrismsINTFT LR 1

neg ig¢
neg R
neg HNE

neg KR 1 IAFBINAT ST RS, M T CIEHhI—Iuis AT -
i neg 82 M0 T AR B

negl Seax # 15 eax FHEFPHEIENFTS R E
negl (sebx) # B ebx FFEFAIEEIM AT NEIENFTS K



BTN B ENBF RS o AT i hs B4 g 13.5 ik,
#1355 ATHAFTRHMEZEIES

L IN&E
and %45 ( bitwise AND )
or s ( bitwise OR )
xor S5 ( bitwise exclusive OR )
not Z{IBUR ( bitwise NOT )
sal BARE®
sar BEAREH
shr (B8 ) £%
and #§%
( N\

and S EEY, HiEss
and Hiree, HiFss
and NiF, HFiFss
and AZEE, NTF
and HiFs, NF

and f8K50 2 BAEECRIEE | BEROHTTIRAIE (bitwise AND ) i85, FIRBE5RE AL 2
PR, MRS T CIBES Y a= BELT,
i and #8489 740 s .

andl $8, Seax # 15 cax FiFesH0 8 NBHENERE N cax F17es
# (eax FFes AR N MRHILEREHE 3 1)
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or {§<

( or SLENE, HiFss
or Hiren, Hiren
or NiE, HFires
or SRV, AfFE
or Hirse, NFF

or HAREH 2 BAREONER 1| AR THRAGIE (bitwise OR) 1257, FFHATRE AL 2
R M T CIEERY | = 18545,
T or /AT R B .

orl $1, %eax # ¥ eax FFEBHORMEMNE 1

xor #8<

( xor SRV, HiEes
xor Hirsm, T
xor NF, FiFes
xor SRV, WTF
xor I ENE, ATE

xor 8BS 2 BAFEURMNEE | BF B TIRAL R ( bitwise exclusive OR ) iz4%, Ffrghf
B 2 BEE, MY T CIE ST = 3R,
i xor F84 WIBIF U R .

xorl $2, %eax # 15 cax FERPMNEHUFRNE 2 LUK
xorl Seax, %eax # 15 eax FTHFEH/E 0 (x86 CRWIRAIBG )
o S
é% not i5§<
not Hirer

not RiF
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not 8 1 #ESURAMEUR (bitwise NOT), JFUL5HE A 1 #0765, M4 T CiE
S CLT BEL.
i not $84-090F U F TR

notl %eax
notl (%ebx)

# 1 eax FERENIR
# F ebx F1FesFriE @M AT E EERILAEUR

%' sal iI§<$

sal SRS, HiFss
sal %cl, HTFsS
sal SR, WTF
sal %cl, NFE

sal FEHEH 2 RAEEER IRERE | 3R EUE E R B T e B, DRSS A 2 184E
o ARz MBIRAAN 00 MY T CHEH PR <<= BEAT.

sal 8RN 1 BRAEEURER 8 RLRYSL BB ol Arfran, JFELARE AR 5 2% 44
X, mTEEET 6 MY 1 BREBUEWRE B 31 CLRIRENAL, w77 ae TP I T A B #RB% A T
B X

i sal $52MP1F U0 R R

ax Ffres PNEIELR 1
bx e8I MM AT NEERETZR cl S s ENN B TA R

sall $1, %eax # B
sall %cl, (%ebx) # R

fES ey
o O

sal /2 Shift Arithmetic Left [ &K

%' sarigs

sar SIENE, FHiFss
sar %cl, HTFEs:
sar IZBE, HNTE
sar %cl, HF

sar #EREEE 2 RAERULZ IR | RAERUEE E R BT R RAE, JRISERE AR 2 ik
o Bz ez MRS . MY T CIEF I >>= R,
M sal 89—k, sar HLHEE | FAERBRAAZIUN 8 (8L RIEEL ol ZP /7%, JF B2 R
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AL 5 AL EHEA A E L
ffi ] sar $84 1H1F 40 F s

sarl $1, %eax # ¥ eax FHEEPHNEIELHR 1 7
sarl scl, (%ebx) # ¥ ebx FHEBFIEENARTEPHEIEIZR cl FESIECNMEHTER

sar & Shift Arithmetic Right A% Ej#% .

shrig<

shr RN, RS
shr %cl, HFiFes
shr SRV, WF
shr %cl, N7F

shr F8ANEE 2 BRVEER IR 1 B/E80e E MO EGHTT A B E, JRRBE5 RS A5 2 #541E
B, BAZEES NS HTTEY R, YT CIET X A 5B TEER >>= B4,

il sal 8L LUK sar 1§48 —FF, shr #8205 | BAEELUTR 8 £ A7 RIEIEY cl AR FE4 o
It H AR AR 5 AL A = 5

ffiH] shr #8424 1FF T PR,

shrl $1, Seax # fF eax FEB/BTNEIEER 1 14
shrl $cl, (%ebx) # 5 ebx FEHRAIEQNAFDHNEIEIZR c1 FERIEENNEHRTER

shr /& Shift Right FfHiFR .
WE sar 8 HXNIY shr 88 —FE, sal 80 WAXTN N shl 54, HiE sal $54-H
shl 840 shfEsE MR, A BEX A,
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i = B4

ARTRATE LI 1 £ 5 while XFERREREE TR AR FTEEFHAFE 20 AT A 4948
A3 13.6 Fis o

136 ATHFRAEFIBREIES

L ke
jmp T & Bk
iz« jnz. je. jne FfFBkEE
cmp HARH LI
test BIEMIFEORS
sete. setne. setg. setge. setl. setle IRER eflags B 788 P B9 B DIRENL
call R A A
ret MFFEFIR[E
jmp #8%
jmp hval: 1)

jmp F1Fes

jmp 8N FE P TC SR B A B 56 1 SRRSO H ARG 2 AR e
RIS (symbol ), HH “Jmp 57,
fEH Jmp $584 B0HF U TR

movl $1, Seax # then 245

jmp end if0 # BMEF if IBANKE
else0:

movl $4, Seax # else T4
end_ifo0:

pushl  %eax # if BAEEHIEE

call printf

LUK §mp MAFICE TR 15T (eip Z74FdR ) BUFES . Bl EAHI T A jmp end_ifo,
L5 FPLARE 5 28 end_ifo BN AU AL (Bl ). @idHs jmp_end_ifo Ay
HEVCE ] eip AT AAHE IR YRR o
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I iE P ALY Jump 9 AR LAEE A Jmp F84 .
[ setpkitsas (jz. jnz. je. jne. =)
SRR A 2, XHALLL 9nz 8 MBI T U . HABEETS 20 A 9nz AHTE .
jnz vl 1E¢
jnz Fires
inz FAMBETR A RATEW RRRE RIFRE LT, A2 Bk 2 e 1 BEEdE <

BN . Bl gnz $84

Flag) 2y 0 I A SRR o
TEGE RIS A caump 9 AR HBIAAFREAR & BN, TEgiF 2 x==y B BEFEE

lab Fr&”

lab:

movl v B9k, %ecx
movl x gotthdt , %eax
cmp %ecx, %eax
jnz lab

# Hibig<

# Hs<

J& Jump if Not Zero HJTEFF,

RIAL SR i T A7 4% eflags Y ZF ( Zero

XFER) cTump TR, BEEHE jnz 164, WHFPR.

# BEEy NENHE ecx
# BEE x MENHE eax
# LERINREIRSN

# TESIIEREE 1ab

cmp $§4JE WA EAE IR eflags B IMPRENMAIES . 78 x Fl y FI{EAHIF AT B

T, WEPEAH cmp 84, ZF $iS#E 0, MmfdTkE: .

Rz, FEx My HEHHELT, WREH cmp 184, ZF $ta80E 1, BEASHIT, &
BT ynz GRS
S BREE TR A AR INER 13.7 FR A X SR fE I 2
F 137 £MGBEES
ik X BREEHITHI S
jz Jump if Zero ZF=1
inz Jump if Not Zero ZF=0
je Jump if Equal ZF=1
ine Jump if Not Equal ZF=0
ja Jump if Above CF=0 and ZF=0
jna Jump if Not Above CF=1 or ZF=1
jae Jump if Above or Equal CF=0
jnae Jump if Not Above or Equal CF=1
ib Jump if Below CF=1
jnb Jump if Not Below CF=0
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(2r)

ik = BRERHITHISS M
jbe Jump if Below or Equal CF=1 or ZF=1
inbe Jump if Not Below or Equal CF=0 and ZF=0
ig Jump if Greater ZF=0 and SF=0OF
ing Jump if Not Greater ZF=1 or SFI=0F
jge Jump if Greater or Equal SF=0OF
inge Jump if Not Greater or Equal SF!=0F
jl Jump if Less SF!=0F
inl Jump if Not Less SF=0F
jle Jump if Less or Equal ZF=1 or SFI=0F
inle Jump if Not Less or Equal ZF=0 and SF=0OF

U Bk 25 br 0 T RE TG VA B AR 2 T B KL, ESS A

(Jump if Above ), LML ERR “2Y cmp AU 2 BRAERL LR
FREHRH /N above/below Fll greater/less iX 2 £,
k%, greater/less A FF 5500 Hb Ik

WAN, %9z M je. jnz Ml jne &, XLLH

FHIE 5 (45 A4 FRRIAT

ZF . CF Z5hraBAn] LI R i ng cmp 354

cmp 5%

P v ou il G| 0E

5 test 54

S A FRA R, Wl 5a
1 FEBOR (above ) BFBEEE”,
above/below FH T ICAT 5800y L

E I ENCIE 7 i3 A ER 7

/

AT S

cmp SLENE, HiFss
cmp Hirsn, Tiren
cmp NF, FiFes
cmp SLRE, ATE
cmp HiFs, NF

J

cmp 84 E T LB 2 FREROR LA | BERA 25, MRS R EAR R PR AEAY eflags HAY
bR, cmp 824 EA sub $84HF], HJE cmp $84 AN SR ERAERR(E .
PEVERCR T I B BOFR S 2Z (B B 56 R AN 13.8 i,

#£13.8 {EMA cmp ISR BERIREAL

BRIEHRAR CF ZF OF
%1 BRIER < 3 2 BB 0 0 SF
1 BRIER = 5 2 BIER 0 1 0

B BER > B 2 BIER 1 0 not SF
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B, 555 1 ERAEEORES 2 BRAREOMAERT, WURPAT cmp 164, ZF (it 1. B H
i 32 384 (ZF=1 WA BRE ), RS S8 Y B A Rl R A T b4

test 5

test SRV, FHiFss
test G, HiFes
test SRV, NfFE
test %ﬁ%g, I*JT?

test F8AHT LLESS | #RAEEORSS 2 B/EE 2485 (bitwise AND ), RIS EirE
FAEAY eflags PRIPREGEN . test FEAARR L and F84HIF], HZ test 85 ASIZE#HAE
BME

test 182 HAT/E CF Fl OF 3@ 2 8iE 0, JFRHEE R4 L E ZF fl SF. B4 K 0
i ZF B84 1, SF Rl A (e AR o

test AT H FRAERENMNEEHENS, LICIEF M, ERELf (flags &
EOF_FLAG) XFEMYSEIFNS, AT LAMEH] test $54 .

FRRERIRENES (SETec)

PRBIRELAELAMRE, KM sete 8 AH, Mg— FHMMTE, HABRITRE
FEARHUE S R HE A sete S8R

sete HiEsE
sete RiF

sete F—RIBREALARPUE SRIGHRE A7 % eflags MME, R 1 BAEROREE N 0 5 1,
BN sete $82WIEHS ZF MMHBCE RIS 1 8RR X—RIIAHE S LR SETcc.
SETce H1Y cc MZAFBIFAR & MR 1R . Horb, AR I3k 13.9 Fis

£ 13.9 ZAHEHF K SETcc 54

fi-ked ZFR /X

sete Equal ZF=1

setne Not Equal ZF=0

seta Above CF=0 and ZF=0
setae Above or Equal CF=0
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(£8)
54 ZFR aN
setb Below CF=1
setbe Below or Equal CF=1 or ZF=1
setg Greater ZF=0 and SF=0OF
setge Greater or Equal SF=0OF
setl Less SFI=0F
setle Less or Equal ZF=1 or SFI=0F

SETcc 84 Fl cmp 825G cmp 84 J5 52 BIEAT SETce $54 #REAR A b it
MIZE R, BIUH cmp $684 A eax 717 ae Al ecx A frenMEZ G, T sete 843K SE
W, BEREBUS IR eax AAAFAR A ecx FAF A T AHAE) 0/1,

AN, FE&MERETE A AT, SETcc #8424 /ntA above/below Fil greater/less iX 2 £ /R 5
FKANEITTEC. above/below F FARHUTCAT S5 HHY L 45 2%, greater/less FH T AREUA 1475 80 HL A%

45

‘%' call 1§%
call vl ES
call HiFes
call AiF

call 84 ST | BAER0E E M R B W WA BOE A AT SR U S call
printf s call £ RN, WATLIFEHAZAAR PREE R RAERET, Hid call *seax H4TH
KOk o

] call F84 MBI T iR,

call printf # FABERS (L% ) EXH printf BEL
call *seax  # HA eax TIREBEKREFEEHTRECE

HAAKUL, call 8L LISMENLLT 2 MEL .

pushl $next insn
Jmp % 1B
next insn:
W RVL, B call FEMW T —FF82 bl AR, FREkEE 2058 1 SVEEdE bk . X
FF SR BOL R A Bk B AR L %) Mok - pRETGR ],
BRI FH O AH OGN 2R LRSS 14 TR
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reti5$

o |

ret 54 TN FIREGRT . x86 45 Linux Tk sS0E 1% B 5] cax F1E2IHE
.
i1 ret A BB T AR HR.

ret # MFERERE

ret $85EH T T HIXARAAL B

popl %eip

WYL, KOEHT call 8RN “call 84 NS48 MHbE” Sk, JFiE R4
AFRET R o XA PP L R LR Mk [m] 2 T R R T



FEHNIGNCRESHOEEHARREERAEX
HIRE.
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EFARNE

AR XA FH R P s 5 ) TR HZE” BEA TR A U

HAREREERYE

A w B R EOH AR OC N ES , FEDH SR Z /T, FRATTCEE T i eR A R D
FRIE. 28000, C R A sRECH W RFIE

o T REEIE S

o REFMWSE KBTI EE. 55T, MEREE

® TTDIE X printf BRERX TP A E NS IR L

o MEARAERERBATFONFHHLTE

® H 1T return B AT ABKH R IR A e g, B ER AR

XAER RIS AR B RS H A e, A CPU B0E OS AR MUAE , Ak, A
[ CPU 8 OS F, XS A S kA r AN ], B S 5L i, a2
AR B AF LA RAG TR T, WAIS ARG 7k, MEFHEARAE (calling
convention ) FEMRYE CPU 1 OS ek e pRECIH H i HAR B L 2405

XEZUBA R “REORAHZE” Ml By IEHZE”, R AR R gERE S X R
B ARHE AR, B By XMW A—Ed@ N TIrAIES, B R
BE 2L G34h, FRSCE EIEH T2 SRR

Linux/x86 FEIIZFRRALYE

TR BARYH#AE x86 CPU ZEA4 T Linux ARG H AR Z4E .
TR HZE R, @HE LT 14.1 PIIZE N,
% 14.1 Linux/x86 THREFHBEAE (HE)

= ks

SRR A NG

IREMERE TR N eax HFrRiEE

IR E TR E A% Nk fEid

FRE SR DS RS REME. R ebp. BALENNT (ZFE 14.1)
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=i A&
caller-save 1788 eax. ecx. edx. esp
callee-save F 1728 ebx. ebp. esi. edi

, . Tosmy
—esp ( H£TF )

Ity 2 3
I 2 5 2
I 25 1

REEE 3 BT B AL B
PR 2

SRR
callee-save Z {728 H01E
J& ebp
IR [ #

1 M5
B2 MBS

ERCROE 24

ebp

&2 R R A B SR R B AR

*—JR ebp
: ; | #J& (OXBFFFFFFF Syt )

B 14.1  Linux/x86 T HIkRAEHIRINZEH
AR, R X E BRI AT R TS a8 A R BRI R SEPRATR, H
2 b iR TR 03 VR FH 24 72 T 25
934h, Linux/x86 i€ E. 78 LSB ( Linux Standard Base ) © FASCHLE , HAZH
System V ABI ( Application Binary Interface ) ) IA-32 A @ —8, WNFE TR, 1TS%
IR SR

@  http://refspecs.linuxfoundation.org/lsb.shtml., FHE
@  “System V Application Binary Interface: Intel 386 Architecture Processor Supplement” Forth Edition
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14 2\ Linux/x86 T i & ¥ A

ARG — IR R B B AL SR — A T U

Y Bl@sm MR L
HNTIERFEEEMNES, 125 —F FHXE CIEF R, Bk EM main R
Bop s RS £ B RE

int
f(int x, int y)
{

int i, 3;

i X;
] i*y;
return j;

}

int
main (int argc, char **argv)

{

int 1 = 77;

i = f£(i, 8);
i %= 5;
return i;

TE main PRECT IR PREL £ B, S22 F XL,

1L.EMNE2MSE (8) ANk

2. f BNE /\?%#( ) ANk

3. {17 call £

283X 3 AAER, ESEA T PR £ BRI RR . XN, AR BN 14.2 s

X HEFEFEERE, RS ERMNE (BEENAL ) FG, $RIF AR, CIEFR
W IR E S B PATINT , Aid—% C 55 dikas MOEE LSO A B 2T, IF
E_izéj\*ﬁ‘o
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oS

esp
R @ H 4

B1ASE(0)

B205H(8)

main &R £ A9 AL M

J& ebp
{ | 4% (OXBFFFFFFF St )
B 142 RS (1) w8 AR

RTINS, T2 RPUT call £ 84 5EMRE £ WM. Wit2it, 7EH
FORIMIE ARG, BT esp TP A7 AR A (H DL B AR L £ ARG HikE
FIX 20T, BRAPIRS NG 14.2 PR,

B F BT AT L

X, PR E R 2 5E, (HeREL £ ARG i RET . TEPRATZ AT, "5 2O KRR £ A
FHBL AR 38 AR AT A R AR T

pushl  %ebp # ebp HFEENENL
movl %esp, %ebp # J€ esp FFESM{ETTA ebp F1res
subl $8, %esp # esp FTHEBHEME 8 (KL )
X BT B, BRI : Yo =it
ebp AE17 BRI (JFBRHLIY ebp M1 ) A —————————esp (4271
FRIRAEIR . 4 cbp 27 BRI 3 PoREz
FIRROME, 5. M esp 2H(EEEH 225 FaeE () AHLTEER
WA ITRER AN, M AR, g [ Cleeseve SEROM |
PR £ P T A int YRR R ebp
P R AT R esp I 22 8, 8 X ANEK BEH
1 SRR R 7 fe R A /TS 211088 01) main BB E
A ik, HrRE A 14.3 iR, E215% (8)
SRR ME 4 B 258, 25 o]
DLPIT R £ A B AARAY T | |
Y OV ACE RS Y E || 4 ( Aozt OXBRFFFFFF |

ST PRI, X — SRR X B 143 Rk (2) RMERE
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SO I A PRAF RN DR R AR T L . 540, iR S ET ZE LT ebp AFAEASHEAT RIEE VT A
FEIrit, pREN £ H9EE 1 NS ELE 8 (ebp) XFEHIEEAT VI

mEprA, FERET R TET I ED LIRS I FFE (prologue ), AHN M, 7EPRELHAT
HifFia TSI ERE (epilogue ).

[ e EEL BT AL
WA, AR EREORITIES () WFRR.

mov1l $ebp, %esp
popl %ebp
ret

BT, 1 esp FAFAYEY ebp FAFARHIME, FEHCYHTERM
HIk, $h47 popl %ebp, & ebp FFAratAIES N THHIBRBOTRIMERAF (Y . JRALBEFAR Y
ebp T A7 A AIMH
a, AT ret 84, JLRIEIMHERAT ] eip A7 f7ar b, R 0 SRAL BRI o
Ji5h, WORPRBATIRITHE, IEALEPITIE BRI Z AT, 7 EHEIR PHE AR eax A7 AR T
PATOERX LR )5, PREL £ AT =S, ARAIRZSNIET 14.4 PR

: 1o st
f—esp
F1ABE ()
#2124(8) main &£ A
ebp

| | #i (OXBFFFFFFF Sl )
E 144 #KE (3) BYESFPUTRE

[ misiRigvesem A LE

2, BFCREIFAFRRE . A, SR REL £ 15 SEON AR B R SR
e, XEHPEAEJFAL PR FE (AL JE main PREL) TP 2SR . MBS HIY, 7E
main PRECACHS PR ZEHAT FHER], BN esp FFAAARAUME, MIMTHEZH main PRECAYERI,

addl $8, %esp

PEIPRRAPRZS AN 14.5 Bz, SE K2 1 e BRI AT AR




272 | ®14E EEANLE

etz o
| esp
main & %% A% o
t ebp
i | #% ( ATEHbHE OXBFFFFFFF )
E 145 #&iIKE (4) SEHBRHE

R R

RPN by, FRIE— T IR R £ BR [B] main sRERE R, ATRTRY
&, 7E main BRECRIRAIRECE 19 CIRFHIEN £(1, 8).
main PRECHIEREL £ B9IEACRS B a0 R Bz

igg
# Fs (EpEkb)
pushl %ebp
movl %esp, %ebp
subl $8, %esp
B £ RHHRED
# BF (Bitkbi, K& esp. ebp fleip)
movl %ebp, %esp
popl %ebp
wEiE

main:

main SRS ORT (BREL L 57 )

4 BRE

pushl $8

movl 8 (%ebp), %eax
pushl %eax

call f

addl $8, %esp

main EHASHORT (PR ES)

S main WECH “VHRTRECET WUMLT. BV REC, B OC I s B BN BT
I AR

ST pushl $8 (i85 2 B8 AR, BT mov 54, 7E eax AFIEHEAA
ISR 1 (M, PUT push 484 cax ZAERRIOMARE. Wb RS 1 3% i AR,

SO B KR BT IIE 4 © 28 5e A, 18 TR T LUIAT call £ iR £, EUET
call 84 MR, SUREHA AR, FHHE eip A7 ALHO UL NIRRT £ (ORI, MITEEA
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PREL £ AAL BRI R P 25
TETFIRTAAT BREL £ R, & ihAT sR 0 £ M 5 AU, Az R s I s B AR T, pREAY
FeE AT B

pushl $ebp
mov1l %esp, %ebp
subl $8, %esp

el push #8440 main PREU ebp IIME AR IRATE A

EHAE M mov 154, 1t ebp ZAAEAS AT E YT esp T4 IME (AR IR AL ),

I sub 484, {1 esp TFAFARAUIEINZ: 8, eREL £ MRRMTRS 23 ],

DL B kil £ 1975 o pREL £ AR B STET S PUTZ R ET, HaR MHE B R A7 F] eax AF
s

TERREL £ PATEHE , BATIR PRy S .

mov1l %ebp, %esp
popl $ebp
TR

Sefifi ] mov 841 esp TFAEARIUEIR B R ebp T4 OMEL, FEHLPREL £ HURRII,

1244 H pop *‘E’T/‘\‘V)?/E ebp A7 YA

AT ret 184, R EIE| AR R,

PUT ret #8485, BIFPITHRBE S HERPIZREGIH L AR call F84 M. TEAS]
o, SRR I E DL XA

addl $8, %esp

XA esp FF A HOEIE AN 8, U\ﬁﬁ*%ﬁﬁﬁﬂ%*%ﬁﬁ@ BRI £ SHL

VL i Linux/x86 T pRECE R TR .. T — 1 SHEE UL REOR FIAH 40715,
%;
31 enter ¥§$# leave 1§85
4,

x86 M RN B L ] AREMABERILMAIIES . EMEDHIES A enter 58X, BRI
$H leave €S,

Hor, leave I8N E A, M enter IHEIXNRPHEEH, XEEA enter I5SHITRE
18, EELCADPANBHOEMEMEFTELER, AT XK Pascal. Lisp X HFHI DAREE XA
ZLHRIBIES, enter FESWIRITHIERER, EBRELRS,

REHNFSREHANEEREE, A2 TR FEA enter 169, MH—H M, leave $&
LIEELE pop fl mov WAEENE SN, HILIEEESIRREH,



AT AR R B PRGN 2R

EEENEENER

s 12 TP TR, x86 ZEMGFRAL T 6 ST BE AT IR A AR A . X EHEE RN, 1E
FEFF B AT A i R 0 L RE S B 1) A At R X 6 A i 7E sRBOA N, A PR AR
SHEAAEA TS AWGRHA ; S08 Radske, T8I RO E FLAR [T, 40 FH % s 850 RT BEAE 27 A7
A E AIGEHE.,

3t C T ORUL, TR —F, FAERRA R, IrUFRATRMER A AR
fiE . Wh— R BCE M T EME, M — FEERBRNIEE X 6 MR, HAXS RS
AT . BOEIER RMER S .

BLEFEMCA BB 2 MU [ PR AR e BRI T 2, BT R R A sR AT, R T e
AT R . WRUE, E BT ATIG, JEFTA A7 R OB RAR i 7E sR BN B A T
return fERIIYEHE, O OE B, KEREUHHRRE, B XAk, &4
PRBSUEAR AT LA R =LA AT B A28 T o

XA IR 0, HECRAERAR. DR M T Ui LA A, el FH 75 77
AL, Ui NAFI R A R . BRI, AR GO B U R A (5 B

o, TEBIPDEARITA A N ER T R . 2T LB A e, 2R
RFRATAE LB UGX A PRI WU, R RN S CRSAEE ) AR
IR 23X A PF A7 B AR AT

WA, FRFFRHAZERHEE T callee-save {74 LA I caller-save FFAFas Wi 4325, Dife K
RELRE 1l 8 52 R 7 A7 o RSS20, 0] DAsE— 20l D [ AR ) B

caller-save ZF1722# callee-save 172

caller-save 7 {77 Ml callee-save 7 A7 2R I FH 24 0 B R 1) 56 T 25 A7 A A 7 ik i R
N, XAAEN A R 274593 M caller-save 27 /77 Al callee-save ZFf7aaiZS, AEZSHIHZF
Tl FH Ot A AR
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Linux/x86 N ZF1Easfr2ins 14.2 iR,
K142 HES[|HHE

ES Rea]
caller-save 773§ eax. ecx. edx. esp
callee-save 1758 ebx. ebp. esi. edi

caller-save Z 7£ 85 (caller-save register ) $i§ B2 A BRECH H 7 (R AFE 0 A7 4o FEIHH
caller-save FFfE-guif, Pl FHIHAD pRECHT LA ZFAE AR AR RN N A, O BLAE sRBOM A5 R 5K
HAARIIE . AEEAERN Y, BEE e AT DASRAE XA AR AR i, A,

PamgiGut, caller-save 2R A7 7E R A PR, ARG T RES AR . e id, 3K
RTINS A KA

Ifii callee-save EfFa5 (callee-save register ) NEPL I H pREL AT AT A A7 AR U 0 2
fidso WHLEVL, (T callee-save ZF A pREL, WITE PREIA T I 0 I FEL 75 A7 0 {1 e AR O
FEBINAE, I HAE REGA 725 A 0 27 A7 2 (2

MIAR — R AT A 2R3 0 sR B P 5 R TR . 6T 5 MR A, A4 ebp FFAEAF1UME
JERE . HARRIFE S o XIEHN ebp AAAFARAR LR callee-save Aif7av . T PRELN TR T ebp
LA callee-save A7 fFar, IR AKAFFAEaLIR ebp A7 an—HE, T 2T RIFERY IR . HiAR
AR,

caller-save Z1F25#l callee-save FH1F=EHIR BN F

M2, [EFEFIH caller-save Fil callee-save FY4F2ER IS/ DR I T T AL WE 2

HE, RS caller-save A A7 w2 A A pRE IS AR A 1 27 A7, T [ o) 2
FHRTAR T EAHE R FF At . PN EAEREOR T - A7, T LATE M P AT SR 75 2 R A
WU, FRATATLIBERS B2k caller-save 77 1A

3—J7M, caller-save 27 IMETE A HHA pRES A T RE & A ks, PRI A T ZE7E R FH AL
Ml RECRTHEME RS . ANad, W AR UL T A 00 AR AR A o A0 SR 76 ] FH LA pR %k
i, ANEREXNFAEE, IWARATESTRAET .

LA FAFIE AT caller-save A7 A7 s 5 F T ORFAIG T A 5 REHIDR QR FOR T EAME T
W IR Ry S8 AL B A R B35, HE B AT NI, R, TR R i as R
SUTE BRSPS ol P A A e 7 e A5 () (LTS T AR AT 3] caller-save 277778 L o

1M callee-save ZF 7y WG H TR HA PREUN — BT Z VG M AIE . B AR A (i W SR DA 7
| caller-save A fFa T, ARALERFURIE FHILAL pREL S, #RATEL T 1) PR AF IR 44

AT, WiEEE (ebp FFfEan ) BLRE—MMRRIEN callee-save FFfEdR . TEVI IR pRELH S
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. AR ARG, DEHRHSPREMA ., — BIXENERAER] caller-save A fEge, HE
WX ME S AT TR I ANINAE IR A

J85—F caller-save Aif7#5 fil callee-save ZFf7#r IMH I J77k : caller-save ZF {74 AN s ZLURAT
AR SR, PGS & R ORI I AR 5 | A R LU B OB 555 1717 callee-save 2474
TE ] FH A bR B RGN 77 S T A PR AF IR S AL BT, G FH T IR A AR pREON — B T Y
A S UK AL

B REiEmng S senEmsE

Linux/x86 FUFEFF I 232 th 45 5 fR B A7 eax TFf7an Gk ], Aid, eax ZFf7ar Hib
32 e, B FHRRRI I EA BRIR A1 L BRI . 5 long long RAIM(E . double
float FMIMYIFE L. SiMIRSER/ DT E 64 ALvErI(E.

SR, Cb %A long long KA. PFAACKA, REIANRE ELHR BIZEHIK . BG4,
PRI A I N AN R TT 1Y, AT IR — ARk T % .

T8k, AT AR BRI, A S UG I AT 2 A S M TR AR AR B AT, AN
B TEIN AL R

I TR DA A RS A R I REE R ik

TG, &Il long long ZXAIAERT, Fl div 82 RIALBE—FE, 18 edx ZF/ERs Al cax A7
AIELE R 64 PR TR A R A . R ul, 64 AU Y & 32 (i PRAER] edx AR, IR
32 (iRAER eax FFA7ARITIR AL,

HR, R B S, AT DAEEE IR A S st (0) XM A FAdn . XA IEAL
TAFTFEFH] eax AFFFAY o

R AR P ZE R R R A R IGO0, 33K I DU ARLGS LU ASORRIOT o 3R [T 25 A R 5 5 B0 AR 1Y)
A, 5 2L RSO 7 R RS B A TUME , BRI PR

1. HEREOE A A 7R £ PR RFREMEH X

2 IBZX I AFHE RS 1 NS EERK

3. WA E IR EHE B N Z X

4. AL RITFE] eax Ffrest, FHEMIT ret $4 15

SER RN AR IR FTALHIAT SETR EL, R AT LGS A KR R B . 768 FH IR 171 245 04 (A i ik
BRI PRET, call H82PUTFARBPIRAMIE 14.6 s,

HEHL T 1 DSEIAIETE 8 (%ebp) , MXFMENL N 1 AMSEIIAENE 12 (%ebp) -

FAN, IR RIS AR R BAE AT ret $84)5, FEIUR 14.6 IR [BHE X B Hb
hE” Rk B S [ AR R R . R, AR B esp TFAEARR A 1 DMSEUIRE .
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M, TEPIT ret $4 54, X MESTEPUTEER ret FRMYFERE E, 8 esp FFA7- A FU{E 1S
4.

. tosm

esp
IR @ ik

IR EM{E X i 5 it
B11M5H
B2 S8

REEXEH

t ebp
| #/% (OXBFFFFFFF Sl )

B 14.6 FERMBROEMESESE R, call FEHSHITERIKES

Eith &R AR E

Linux/IA-32 (727 I8 20 2 6 FK cdecl, 76 TA-32 2849 N FHAER ) 1z, F5C b, P
R CPU. OS Ja sl DAL B, AN FH 2 7 I8 1 29 8 Bt AR % /] W, Windows I i HI#Y
stdcall, Linux/AMD64 T {ii Y fastcall ( M FK register call ) 455k & SLAY ) ] 7

stdcall Fl cdecl JEH ML, HAERE R FIRAF IS EOX — 5 EA AT, cdecl 1 ELE bR
BRI T RS HL, T stdeall Hr 45 & W00E FH BREURE IS 8. stdeall ANBEAR 7 S HF LT
printf XFERSECNEAT R R, PIUTESIIE C 155 gk an i ] edecl 7 fl—2L,

fastcall J& Linux/AMD64 "~ IR . 735h, MIPS, SPARC 45 RISC CPUY I
WA ZE o fasteall FSEI U SMEHAFfAa Rk AGid . 3ok, R I HhEAL 2 (A5
A T

fasteall IR ITTHLEEIS AT REA IR, F—BAE AL T L cdecl . stdeall SREEFEM, Aid,
fasteall ffi HAYZF A7 4040 H LE cdecl B2, FLVETFAIE FH TR TA-32 XA A8 3 AE AR >
IHERE

O #4544 CPU,

FHIE



RIFREILHIERD

AERFA cbc TEBRFRAXIIEDHRF

E= BERIN
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HINRFL R

TEMEUCIRA GRS Z T, AR e 4 AT AR /s 2 RS SR T 2 AT

FIF cbhe HTHIARE X

AT T I I th AR g i BN il 5 7. Aad, X, it
UNATHREE S A BRI TRATAE A . DRk B S/ 2 — T AT A cbe A2 AT g 1Lt

WERBNH—HE, AIEATEETEH cbe A3 . b U, 4 H Sl Sikix > SO A Bl 4
SO TC G SO SO 2 RN . o SCHFR BN, . s BB EIY .

$ cbec hello.cb
$ 1s
hello hello.cb hello.o hello.s

WERAEF A IRAER, IR HTE B . co STt LAT .
BRICLISN, B cbe A RS, 3l IEHTINGR 15.1 Frs iy ks .
* 151 miFHHITHRRBA cbe AL

FEI MR
-S Bt s XGRS
--print-asm FOSC AR A0 4 H B A AR H SR B

WA, A —PHER TERE - fverbose-asm, [ HZEIA] DLV 4w Cs B AG A
Ft. cbe ML -fverbose-asm WG HiF . cb SCIF, ATLISRIZERU T HZE R,

$ cbc --print-asm -fverbose-asm hello.cb
.file "hello.cb"

.section .rodata
.LCO:

.string "Hello, World!\n"

.text
.globl main

.type main, @function
main:

# ---- Stack Frame Layout -----------
# (%ebp): return address

# 4 (%ebp): saved %ebp

# 8 (%ebp) : argc
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# ___________________________________
pushl %ebp
movl %esp, %ebp
# line 6: printf ("Hello, World!\n");
# Ccall {
# str {
movl $.LCO, %eax
#}
pushl %eax
call printf
addl $4, %esp
#}
# line 7: return O;
# Int {
movl S0, %eax
#}
jmp .LO
.LO:
movl %ebp, %esp
popl %ebp
T2E

.size main, .-main

nEfriR, Ml -fverbose-asm MW THIFG, 45K A BoRITdm A% s A Cb
ARHS . EAAS Y A E R, Xk n] LA PR A A F A AT eSS R T

A, T - fverbose - asm S b 234 I ARMIFPARAS, Pl AT DIARZE 5 s ik
55 16 T G iR AR B A B A 45

FIF gcc HHTHARI A

N E H gee BTN C RS ARSI IFEE . gee AT AT HI cbe M4 iR4h AR L
B, WTIHTAES cbe AR LB BB R4 57 .

TEWAT I FATAT T A O FH gee nid C 155 MIRAAD, T84 build 2595 10 9 SCHF 0%
MR, A ARG R —FE N b - s SIORANER CIEF U, B4 gee S AEAE WL S S A 15
IEARE ) SRR AT ATIA G IR SR T,

$ gcc -S hello.c
$ 1s
hello.c hello.s

AN, gee BIREEA TS cbe —FERY - -print -asm P, (HALLEETE - EIHEHRM -0 -,
FEIC A Ch i s B b v b

$ gcc -S -o - hello.c
.file "hello.c"
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.section .rodata
.LCO:
.string "Hello, World!"
.text
.globl main
.type main, @function

(AF&E )

X 2 e R N RIS, T LU X SE eI A T 4 ik, TR AER



RATEN AR codeGenerator 28R x86 L4, LIAA: X 4mAY DSL.

A W E S

cbe FIXFRAPEAORFR HA AIE S RIS 45, BIrLAFRA Tl B BE X RFR A G X T 42 o
cbe FAEMIC M GISA U 3 Fft

1. "oIEFHIZE

2. RRIESHBRIELNE

3. ®"REFEENE

TR A

B, “FRBFERZE” HTERRNLHRIES I 4 FiEhaty, Wil 2rrss . IDgiElE. 18
A TR, IUHLTE A 151 rha2E T et
REGEFR 151 RRILHETEFAR

Assembly
Comment

Directive

Instruction

Label
AssemblyCode

Comment, Directive, Instruction. Label /il nm AT RIEL. B, &
X SEI R S FI R A ZENE AssemblyCode 2.

HW, “FoRIEL MBI TR e . WAES A, SIS 152
T T X B
RIFR 152 RRIESHIRIEHAIK

Operand
ImmediateValue
MemoryReference
DirectMemoryReference
IndirectMemoryReference
Register
AbsoluteAddress
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ImmediateValue 25F/R7HI%, DirectMemoryReference RFE/RHEZENFTIH,
IndirectMemoryReference %@%@%Fﬂﬁﬁqf@lﬁﬁ Register REIRBTATLE o

AbsoluteAddress KM 28, XTI KA FHE ] R BN 222, 2
call *3eax 1M *3eax.

A, “FoRFHENE” HTRRBEMATS . ARG S 15.3 th2s 1 ix et
REEFL 163 FRRLHESHFEENE (7 HWEED)

Literal*
IntegerLiteral
Symbol*

BaseSymbol
NamedSymbol
UnnamedSymbol

SuffixedSymbol

IntegerLiteral KA TFR/ARIENEL, Ssymbol HOHTRARMS . RIEMASHARE, B
A 10 Ch PEFCHD s AL ) PR A4 %5 & NamedSymbol, AT “.L0” XFEM
CodeGenerator N#RA: A5 )& UnnamedSymbol., AN, % 21 Btk TE A0 ©
T 2 A 5 A5 SufflxedSymbol FokFR,

PAESER cbe 3Rl S SRS . IR0 5E SR T HEFIURH R (A 2 A —— X

Y =RCamids

BREHIIA cbe XTI SaiE 5 A2 T /BERERIXT G2, B Al 5 i) ik il HE A e 0T 52 1 S PR 25 44
PRI, R T HXFES coe IE - -dump-asm EHFAEE Ch SCH, BT LIS cbe A AL
SR PO AN T B O

cbc --dump-asm hello.cb
Directive ".file\t\"hello.cb\"")

$

(

(Directive ".section\t.rodata")
(Label (NamedSymbol ".LCO"))
(Directive ".string\t\"Hello, World!\n\"")
(Directive ".text")
(Directive ".globl main")
(Directive ".type\tmain,@function")

(Label (NamedSymbol "main"))

(Instruction "push" "1" (Register BP INT32)

(Instruction "mov" "1" (Register SP INT32) (Register BP INT32))

(Instruction "mov" "1" (ImmediateValue (NamedSymbol ".LCO")) (Register AX INT32)
(Instruction "push" "1" (Register AX INT32)

(Instruction "call" "" (DirectMemoryReference (NamedSymbol "printf")))
(Instruction "add" "1" (ImmediateValue (IntegerLiteral 4)) (Register SP INT32)

@ Myt LXK (PIC, Position-Independent Code ). FFE
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(Instruction "mov" "1" (ImmediateValue (IntegerLiteral 0)) (Register AX INT32))
(Instruction "jmp" "" (DirectMemoryReference (UnnamedSymbol @cac268))

(Label (UnnamedSymbol @cac268))

(Instruction "mov" "1" (Register BP INT32) (Register SP INT32))

(Instruction "pop" "1" (Register BP INT32))

(Instruction "ret" "")

(Directive ".size\tmain, .-main")

XA AR R R ARG S BEER, #5595 NS — D RIAREE4 . B (Instruction
"push" "1" ...) BiFE /R 1 Instruction ¥4, (Register BP INT32) MFE/R 14
Register X4,

% cbe Ml b - -print-asm WIS HEAT D E RIS S0 T g i = 9D T8
I PCBGX M, AT LAAR AT B B 4 i 0 S 1) AL AR A

.file "hello.cb"

.section .rodata
.LCO:

.string "Hello, World!\n"

.text
.globl main

.type main,@function
main:

pushl %$ebp

movl %esp, %ebp

movl $.LCO, %eax

pushl $eax

call printf

addl $4, %esp

movl $0, %eax

jmp .LO
.LO:

movl %ebp, %esp

popl %$ebp

ret

.size main, .-main

Ait, --dump-asm BT EE R AN RIE S T AN, BRI R S A g i
ZER . SR - -print-asm WL,
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cbc i x86 ;C 4% DSL

ARG cbe AR XT R TT i

FIFE DSL £RCHR
CodeGenerator Z&{# F FHICH A L4 X 42 .

as.mov (imm(0), dx());
Hrp, as /& AssemblyCode SEf], X AL A RUAIE SR AT S a0 F s o

(Instruction "mov" "1"
(ImmediateValue (IntegerLiteral 0))
(Register DX INT32))

JiAb, XA G X L NI A GG .
movl $0, %edx
AT DA e W) AR A A BT g AR AS X T B — T o XM G AR E &, BT DRSS
o A U ERE R B AR
P —H . T ISR ebp ZF A7 N 2 Ak

file.push (bp()) ;
XA ARG I B 2 A A a0 T s o
pushl %ebp
RENWZARES Ty KB W A 2 [l R A
HTEE T mov, imm &8k, Ktk cbe ATLUHARR TG . 2 n9 7 2Ok MR x86 1 4wl
Ho AILAUE, cbe WLEIET Java XD FEE S LT TR NI gniE 5 IRETE S o
I T T AL AR 5 [, AT LA a7 3 A A 1 AR Ak 3L ) A 1 75 & DSL ( Domain
Specific Language, “H3k%& T ). cbe 1Y CodeGenerator HFH T x86 JL 4 DSL.



286 | #15F REFRAXFEY

47 R 2
BEFORAZH—F cbe FPSZPLIY x86 4% DSL AY45 .
49, CodeGenerator EHE X THNER 15.2 sk o] Register SEMHIMTTE: .

* 152 A FT7EERI DSL

ik ax

ax() Y% eax

bx() Y% ebx

cx() Y% ecx

dx() Y% edx

si() %esi

di() Y%edi

spl) %esp

bp() %ebp

ax(t) RIFLEE t K/ ax 88
cx(t) RIFEEL t K/NH ox 1738
al() %al (eax FFa880&/5 8 i )
clf) %cl (ecx FFa889&/5 8 i)

THEBEBXLE S ENEH., ax (t) Fl bx (t) FERSEBLAYCILTE R 15.4 FR.
RIBER 154 MIAFERNTEES (sysdep/x86/CodeGenerator.java)

private Register ax(Type t)
return new Register (RegisterClass.AX, t);

}

private Register bx (Type t)
return new Register (RegisterClass.BX, t);

}

DU A AR R gl A i JFiR [f—> Register 54|, RegisterClass & enum
HH, XRAF AR AX, BX. CX. DX LA

XHEEEE—A, il RegisterClass . AX XM EFEIN T eax 91748 . ax ZF/F45 A al
AAFA AR, eax. ax. al LB FAHIE— A AFAF A AN TRIER 43, Az AR Y s b i SE 27 47
A EN — RN S BT s

Ti5h, 18 eax FAEAT . ax AAAEa A al TAEAR—AE, TEWHE BB — DR AT ARG,
A cbe HHERFR N EBFTEEEZE (register class ), RegisterClass.AX fll RegisterClass.BX
XA RN A 2K o

BAEMIF DSL. ax. al. bxiX 3 PrE LA $ 155 Fis.
RELFE 155 F& 7% (sysdep/x86/CodeGenerator.java)

private Register ax() { return ax(naturalType); }
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private Register al() { return ax(Type.INT8); }
private Register bx () { return bx(naturalType); }

FETRAMH E SO ax (t) Flbx (t) kRN Register SLf. naturalType
J& CodeGenerator KM TFE:, BMRAHIEFRREAD CPU HWIRTAXK /N (natural size) i) asm.
Type. i CPU R K/NE B2, WSR2 32 /7 CPU B3, — N EEIW KNt E Type .
INT32; WERE 64 fii CPU WY, — BRI R/NIUE Type . INT64. AHILHYZF A7 NLE eax
K esio

e AVA I G E] =:

#2153 3% T CodeGenerator FEHE LR BV NAZ S I I Ik . X EETTiE )
IR [P{EJE Immediatevalue SE6] (7 BI%L ) B(# MemoryReference M6 ( NAETIH ).

% 153 FRRAIBIEFIATES| AR DSL

Fik ax

imm(long num) FE num BIE ( $num )

imm(Symbol sym) S sym B91E ( $sym )

mem(Symbol sym) S sym BEEEHHSIA (sym)

mem(Register reg) EF1758 reg Bya)EHbHESI A ( Olreg) )

memi(long off, Register reg) RIB R ETZR 1728 reg IR B a4 E1 A ( off(reg) )
mem(Symbol off, Register reg) RIERBEEF S 7S reg RO U5 A ( off(reg) )

N RGRIUATTEB RIS, A0 B TR L 1 A2 A

imm(0) // $0
mem (ax () ) // 0(%eax)
mem (4, ax()) // 4 (%eax)

=TES

N T HERFERIESHIN S, AssemblyCode SEHIHE LT FPHCATRIA BT, HAagEs
IPITIEINFR 15.4 PR
% 154 FHiR$E<SH DSL

Fik ax

mov(Register s, Register d) fEH mov IESI s EMES
mov(Register reg, Operand mem) & A mov 5518 reg HEREZINGFS
mov(Operand mem, Register reg) A mov 8B AFRMENHEE reg &
push(Register reg) £ F push 5<% reg Ei%

pop(Register reg) £/ pop $5% 1 reg ik

add(Operand val, Register reg) £ F add #5515 reg BI(END L val
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(%)
Tk aX
sub(Operand val, Register reg) 8 sub $EF reg BYERIZ val
imul(Operand val, Register reg) £ imul #5%F reg HIfE 3R val
call(Symbol sym) £ call $6<$ I A 3L sym
ret() 5 A ret 5 RBUR A ER R
jmp(Label lab) A jmp 18 T & HBEEE) lab

LT TR s o A0 B4 T8 X o7 P S ik 2677 25 U T AR L 40T A R

AssemblyCode as = new AssemblyCode(....);

as.mov (mem(ax()), ax()); // movl (%eax), %eax
as.push(ax()) ; // pushl %eax
as.sub(imm (1), ax()); // subl 381, %eax

XX TR S, SN Instruction 36, XA Instruction 5K
B INE] AssemblyCode S NEBTHIF 1,

[ =R TRl ARSI

BN AFORIC G NIRIE . PR MR . FoRX 3 MEEN BRI S, 21
AssemblyCode ZEH AR,

#15.5 thass 1 &R sl iR e vk
& 155 RNLCHMIRIERIARS DSL

Tk ax

_file(String name) fFACRNIRIE file BIAXHES name
_globl(Symbol sym) LR IMERTE globl (15 sym AL REE
_section(String sect) 5 S 4R Th R 1E _section Y% sect fRAD f R

HIAT L, FoRTE S PAERAE 1 715 44 FORAEARRN P g i E A PR R IR  ERY ©.” Bh
BCRRIZME . Bl . £ile ILAMRIEXN, file Bk, .size {LAGIHRIEXIN. size
o cbe ) CodeGenerator MRS, HERDITRIZIm ik, ABEAE I gtk
M7k

FORPRZE R 3. 15.6 PR,

% 156 RNIREERR DSL

Tk ax

label(Symbol sym) BWHEXTHS sym BfRE

label(Label label) HHE X T FIERE label BTS2 HIARE
comment(String str) Wt str (B ASERE

PR R 2 AssemblyCode KA Label Fk, AR HAE comment
T
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FATHEB AT B, A ERAR IR IEAR R AT LA

AssemblyCode as = new AssemblyCode(....);

as. file("hello.cb"); // .file "hello.cb"
as._section(".text"); // .section .text

as. globl (new NamedSymbol ("main")) ; // .globl main

as.label (new NamedSymbol ("main")) ; // main:

as.comment ("this is a comment."); // # this is a comment.

o HUUR TS  T — AL O, 3 TR SEPS I A e 2 PR AR AR UL



L)
‘ CodeGenerator ZE ) HIE

r

BRI G codeGenerator ZKAHEEL

CodeGenerator £HIFER

B, fCHWEEA 15.6 TE/R T CodeGenerator ZEAYF B B L B AR 1 pRiZN
#8524 15.6 CodeGenerator ZERIH91E R &L

final CodeGeneratorOptions options;
final Type naturalType;
final ErrorHandler errorHandler;

public CodeGenerator (CodeGeneratorOptions options,
Type naturalType, ErrorHandler errorHandler) ({
this.options = options;
this.naturalType = naturalType;
this.errorHandler = errorHandler;

}

options FEAHAEN) CodeGeneratorOptions LHEF T Ifi 5 codeGenerator
AR BETT, B2 compiler fLH ) options FEIETArS AT LA .

naturalType FBRAFE IR A S A AT g 18 5 00 B 500 SR s K/, X BT A5 (B
Type.INT32, cbe HIZHFH CPU, HIRR I HEAFT TS Type . INT32 tj2& AT,
Rt iX 4G K5, METREEN, HIHKHAE Y codeGenerator Mk BT — 2%k
itk T,

5, errorHandler FMILIE—FE, XADFEAAFIZEIEHRE AN ErrorHandler
S

CodeGenerator A4 IEHEA

T ES HA 20— T M CodeGenerator 2RI A M iK%l generate Jik#H G, FIIF
URARIREAS A PR 1 b 2

ZITLL MBS LT A X E N, RIS R AR DA H R BRI F . rREUA SR
PRI R Z 5 A A QR 41 2 R 3 L 42 JRy 78 et sl ) S A 1 1) PN A ik 45, 5 S i ol
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TR AR A B T R AR S A BRTE S I S, A, AR S T A R AR R A T
ERERAES, ko A BRAR R ET S R B, L, XM generate MREIRM
BN eREADE i e Z BT R ACRS, TR T 1 AR EE , 78 2 A S 1 4 U I pR BSUR 1) S i 2ot
2, XA O I Bk 1 IS SRS 16 B TR

M2, THEEWANS generate Jiik, UISTEMH 15.7 /R generate 251 FIUFRS
TR
R7LEF 15.7 CodeGenerator 2% Z5E A E

generate
locateSymbols
locateStringLiteral
locateGlobalVariable
locateFunction
compileIR
compileGlobalVariable
compileStringLiteral
compileFunction
compileFunctionBody
compileStmts
generateFunctionBody
compileCommonSymbol
PICThunk

FESAAE (static call graph ) FUEH A HOCREDE A, TEAUHSEEL 157 h, sk
AR ATE . RV, generate T T locateSymbols JiEEAl compileIR Jiik,
locateSymbols LA T locateStringLiteral /77 locateGlobalVariable Jyikfl
locateFunction Jik------

generate JIIEHEIH locateSymbols ik, BIAFTA AT B 5 I 1 14 Jy 20 1) 1,
Iko #E VI compileIr Jrik, #EMIEHE SRt .

compileIR FIEAIEUI compile x x x x W7k, A4 B4 R EMmE, Hi,
compileFunction J&gMiFRRELAI k.

compileFunction FIEFEMIN T A& WHbhk/S, M compileFunctionBody J7
IR IF R EUA . compileFunctionBody JiEFHH compileStmts Jrik, 7 pREUAKL
HiElT, REHGMIEAE R, A BN 1T 5 AR A A

SE compileStmts 75i%

compilestmts Jrik LU CHLTE B 15.8 PR
KAZEFH 15.8 compileStmts Fi% ( sysdep/x86/CodeGenerator.java )

private AssemblyCode as;
private Label epilogue;
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private AssemblyCode compileStmts (DefinedFunction func) {
as = newAssemblyCode () ;
epilogue = new Label () ;
for (Stmt s : func.ir()) {
compileStmt (s) ;

}

as.label (epilogue) ;
return as;

}

compileStmts HiEEHIIAI as T epilogue FB, TR REARA LS
func.ir () #FHIF. func.ir () REFHEICIDHE IRGenerator AT Stmt s 71
o Hih &y s s A,

{54, 1 foreach fEHH A compilestmt JrikUl iR,
RABEFER 15.9 compileStmt 77i% ( sysdep/x86/CodeGenerator.java )

private void compileStmt (Stmt stmt) {
if (options.isVerboseAsm()) {
if (stmt.location() != null) {
as.comment (stmt.location () .numberedLine () ) ;

}
}

stmt.accept (this) ;

}

HROEHY 1 £ TRAEALIE - -verbose -asm BRI, BRICLASMGACASHR ST Hh ]
AR Ak AR B . 2 ) R B AR R g 1P I 2 A RV ]

cbc RIRIEEERS

AT RS, FRATDR T##—T cbe WA Bt CAS SIS o cbe 7R g i3 U S Ut )
BHEE RS 3 SR

1. Ch BAFA LB A HIGH TR AP

2. MR HIRIERES mov 159

3. RESSHERLNT FEE

SRR, Ch RS EL | I PR 3 AR 2 T A A (S M i
Fo REEDCAR B 2 1 A 5 R 2 U N2 B A R 25 A7 a8 ASRAT s AR AU, T ebe HoRi#EAT
EAarix J5 T R PEREDL 1L o

52 MR, XENTERUBRIE FAERT mov 454, HITBE add #54 WT LA TTHERT NAE 1 (RN
L85, {H cbe A FRVFIXARR T . EXF AP EE T2 S0, —E T mov 15448
XAMEMEBNF AT, B85 5EUG FT mov 18 AEIEAFE N .
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ORI EA ER VMRS T 3 ME4, PUTHEMT A T, (HSEER B PR A
AP TR R 2 — B0 . 7RI x86 CPU Y, LAxd A TP AU AT iz By, CPU AR
S AR FE T mov AL BRORAR BT . W R U, TIRHEAE M 1 MRS HIEGL R 3
AMELSIIE, Em CPU NERIYAL FEAR 2 — S0

053 mARRE, BATAAAAA A CIIhRE, AREMMEHME . BIRTTE, BT
AR IRTTINGR 15.7 Fioi .

& 15.7 cbc RN HFFHRNIRAR

Hik ax

ax EE]

bx GOT bt (F W5 21 %)

cx 1B 77

dx div #5270 idiv 5<% & F M IIGBY 708
sp [E3itay

bp [E4iEiEay

si KEA

di KEH

Hrfr, B (accumulator ) F8AEHTHRAAT RS R T A . 8 ax TAAARHE RN
AR, BIE var 1AHIEE S EIN R REAAD ax A, U Bin M TN IE B AT
MILERARATE] ax A4

JiA, CHEAT ax FFAAARTCIRSE USSR, S ox TFAARHME L. BN Bin T ANiE
AR 2 AR, XS FEFH ax TR, Al TFREFDE ox TR

AR A I 12 FARE R B T ax FFAA4e M ox 24748 Lo B IHEAFAE IR I 25 77 4%
B AN R R IR, AT DL G AR A T AT ax TFAEER A ox FEAEARAS k. AN, o)
G AT S ax ZFAFAR A ox AP AP g T 1 (R, Pt O A2 Ao AR AR A P (B

WEFE S, BT cx & caller-save TF/Eay, WILEEEAE ox BE)S, — BB XA
B2, ABAI 1% T H A R AR



AT Int T, Str WM Uni WRBIHIFIT L.

[ %% Int 3555
TR FAA TSRS, AR AR Int T, Int T AELE RN
WA, BT A g
movl $1, Seax # 181 EN ax BFes

Heff Inte 1 s AR QAR T L 15.10 .
REFE 1510 4HiF Int T & ( sysdep/x86/CodeGenerator.java )

public Void visit (Int node)
as.mov (imm (node.value()), ax());
return null;

}

Hrf, node.value () IRIFIFPEXA Int PR AEECR EAIE, I inm 77200 0
LR RIA, A mov Tk A AL A ax A7 s iOACRS, IXAEREAT ISR EAE A ax 2777 2o
BT I T, BOZAT DURAR A

=Y %% Str 555

ETRBEEFMEZRFRERN st WAKNNAH, str WAFRTFAREE, SiFFrrhs
WA HGR AR N AL, AR AT

il

.string "Hello, World!\n"
movl $.LCO, %eax
B\, BB . string I PAEREHL AT 2 b th BN g SCOF T, 8 SCAHBIFRZE (X
B .LCo ), ZJEAERBAS T LI FR%E . neo ksl Akl T,
X H R R AN B BT X A

movl .LCO, %eax
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BRI HEAX G Ty Bk, s A T WEARGGXAERCA I s s, B EHEENAE
H, XFE mov F8 A R MAR AT R AL G kb, T g A b F8 1m0 4 A2 T o ik
S, HHLmXT SRR 2 Tnmediatevalue X4, IMiAZ& DirectMemoryReference
X,

1 str A g R g CRE A AnARAS T B 15,11 PR
RAEDFEER 1511 4RiF Str 45 ( sysdep/x86/CodeGenerator.java )

public Void visit (Str node)
loadConstant (node, ax()) ;
return null;

}

nLAES], str 1M BH3CH loadConstant LK T, loadConstant
TR E A st WA ECE Ine TAARE RS 2 MSE A RS R B R
EEIE A ax FFfEdn. BT ax T rane Bgs, BIE FH S ERAER] ax AT,
loadConstant J7 &S IACASIE L 15.12 FR .
KHBEFH 15.12 loadConstant 77i% ( sysdep/x86/CodeGenerator.java )

private void loadConstant (Expr node, Register reg) ({
if (node.asmvValue() != null) {
as.mov (node.asmValue (), reg);

}

else if (node.memref () != null) {
as.lea(node.memref (), reg);

}
else {
throw new Error ("must not happen: constant has no asm value");

}
}

BARRAS e FEOR TR A I 50 20 B T AN [R AD BRI AR, (HR i S0 | AP Ol 56 2 AP
B A H AR AR AR R T OCAES (55 21 &) AYHEss HIE .

1 AE M F, Jmov 8 Al node.asmvalue () 14 A reg & 7 %%, Str 1 A Y
asmValue JyiEHUZ T SO A FAF B R A HhE DL Immediatevalue MRAPEAR M, X
Iy sal, Wk . nco ZEMARId, &TE CodeGenerator HIF R PG — /3 s
Mo ArECNAFHLRE RIS S 7RSS 21 TErh B — N4

57 %% Uni 3555 (1) AR
BT A AR TLIE I FIARAY Uni WA ST Uni I CRS 9 15.13 B
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RELEFE 1513 4RiF Uni 54 ( sysdep/x86/CodeGenerator.java )

public Void visit (Uni node) {
Type src = node.expr () .typel();
Type dest = node.type() ;

compile (node.expr()) ;

switch (node.op()) {

case UMINUS:
as.neg(ax(src)) ;
break;

case BIT_NOT:
as.not (ax (src)) ;
break;

case NOT:
as.test (ax(src), ax(src));
as.sete(al());
as.movzx(al(), ax(dest));
break;

case S_CAST:
as.movsx (ax(src), ax(dest));
break;

case U_CAST:
as.movzx (ax(src), ax(dest));
break;

default:
throw new Error ("unknown unary operator: " + node.op());

}

return null;

}

FERXAN LA, KA ARG 2 B AR A T AR AP switch i), BoeFkA]
W& R%E BIT NOT WML (~x. FEMHUR )o BXAERTE, SFC Bt HA R 3 RS T .

Type src = node.expr () .type();
compile (node.expr()) ;
as.not (ax(sxrc)) ;

B compile HESMIF node . expr (), WIERIF ~x T x . compile 5
Ml node . accept (this) —F, %‘KTUE%FEE Expr 19 .o

R MRIR XM ERAER] T ax TS, HI T — PR ax FFHAERIT not F8 4
FPHT U o XN, PR AR RS S AR A W R/ N 27 A, I ax (t) IEAR
i node . expr () WFRBBEHA /o, AN CiliF (Ch) A ﬂ%ﬂﬂ’]ﬂm JIr AR 552
s B 2R (A 32 (BB E TR 2

Wi, not FEAPITEHUR ESE AR Ara% , 1M uni 1Rl AfE QL A Sh iR 2
ax WA T,

SR, BIT NOT izBAY Uni 9 s 8 gmide il an T Uk
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~~~~~ 487 node .expr () EEENREG- -
notl %eax

#iE Uni 355 (2) iBiB3E

HAls FATERA 2 B 7 i B A s A —Em oL, A NOT (1x, 2HAR) BakiE)
IEA—H TR, FrLix T ERfEu] . fEALEE NOT AU il ik, AR A .

as.test (ax(src), ax(src));
as.sete(al());
as.movzx(al(), ax(dest));

HEM test BB ENK ax FAAHIEALERY (xay ). EHALIE, HAY 1x i x
H O, Wi ax FAAERIEDN 0 I, HEERAE 0.

test IE ML 0 BF, PR ZF N 1, XB ] sete HEA4EXAMERUE R, T al
T BCE N 1, HABTE L TR 0,

P movzx F8HE al FAAAIVERETZY FRIGHEA ax FFfrde. HAiiid, B2t ax
T BRERR 8 ISP R . sete 16 H A ax F/ratiina 8 17, [HIL ax AFf7#ee
9 i A ERHESPATHI—E PrIH 2 &G 0T movax $54 .

DAL 3 MR MRS . R ax ZATIIECE 0, WETEY 1, ARG MR E AR 0.
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AFRYH LR —ICIE S Bin ARSI

[ %% Bin ¥

N TOCARVERE, Wi Bin W RINITIESY T ARG OL AT B, A 45k RO il
T RS LA T b
REDFE 1514 4RiF Bin &= ( sysdep/x86/CodeGenerator.java )

public Void visit (Bin node) ({
Op op = node.op () ;
Type t = node.type (
compile (node.right (
as.virtualPush (ax ()
compile (node.left ()
as.virtualPop (cx())
compileBinaryOp (op, ax(t), cx(t));
return null;

7

) .
)) i
)i
)i

7

}

B compile FEGiFANAEIEN node . right (), ZJEABFRAXHESH
3 ax T AR

EWH as . virtualPush FIEE ax TAEEsIEEARRT . IZESEHE virtual Push 5
M virtualPop FiEA5EHIN push Fl pop, =T virtualPush INESTES 16 SHIEANULIH .,

XA ax A IEC A2 TR, AR A FRERMESER T, LT
FEEVWH compile Bk, Skl #RiEN node. left (), JPBARFEILE RARLEIRAEF] ax
EREET L

A MM as . virtualpop ik, fEERTAEEHR] ox FFAEas . XM TR (B L2 NI
I AR A 10 R A

2t IR R)E, AiFREER AR T ox TG, MANFRB W E AR T
ax FfEee ™, BJaAH compileBinaryop J7Ek, A ax fl cx [AIAYEETES . WE node.
op () H Op.ADD, compileBinaryOp Jiikite Al add 584,

i node .op () A Op.ADD, APAmLXAF kA AN g A an T .
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~~~~~ BBRARREFHICRHREG

push Seax # BHELRIEANERERK
""" ENFRIANRERBHCHREG

pop Secx # FHBFRAXNER%
addl Secx, %eax # BH

G add F8HE ex FFFA Y (ARIBHIE ) M ax FAFAHIE (72 RIBAME)
FAA, JEREERIAFR] ax AP G TT . BREITEASRYEFH AR T ax FFfFa .

RHEOERAE, C I H BgmiFand 5 MU R MIDT L6915, cbe HrL A AT 1T 1k 20
B, A NAENTFE I R —FE . PR cbe RIS Expr T A RBITEH . ik
HOIFAFAE R B . 2RSS, BTG N i R AT TR T B 45 R —FE

S£i compileBinaryOp 75i%

compileBinaryOp JEUMCIETE L 15.5 iR,
K358 15.15 compileBinaryOp 77 iERIFF 3k ( sysdep/x86/CodeGenerator.java )

private void compileBinaryOp (Op op, Register left, Operand right) {
switch (op) {
case ADD:
as.add(right, left);
break;
case SUB:
as.sub(right, left);

Gt R —ICIE AT op BUME, XN [R]AE SAF AL R R (46 4 o

M Itia AN Op . ADD, Op.BIT AND 5# Op.BIT XOR i, compileBinaryOp
D5 SRR B AT o, PR RS B —— X AT il 5 1 BhIC AR, I LR LA SRR 1Y)
BHEAF U TR E R Z R B2 BT L T, 36 15.8 HhURAh T & FlHa AT RN I A48 2

* 158 ZiEEFXMMMIES

—_TiEEA g
ADD add
SUB sub
MUL imul
BIT_AND and
BIT_OR or
BIT_XOR xor
BIT_LSHIFT sal
BIT_RSHIFT shr
ARITH_RSHIFT sar
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SCIRRS AR5

B —— XN A48 A IS SR LU ERRBT Y o SRR IS AT 36 A 7555 RIS 5 BRI R Ay
B, UM “==" FILBHEEAT

BRI IR, W5 13 T TR, SEEIBRIE IR HT, TN dx TR TR
PREEFTY R, TP R mov 184, 5V RMH cltd 184

T, PATERIEBE)S, MEARIER, dx A SRR aRE B R4 (s_mob.
D_MOD) IHHEE, FJa Bl dx AA7amIEIE A ax FF17ae

454 PR (5, A EEF compileBinaryop kN IFA M SR (s _DIV) Hil
A5 R¥us® (s_vop) M (fRHSIEH 15.16 ),
R#LiEER 15.16 compileBinaryOp 7% ( sysdep/x86/CodeGenerator.java )

case S_DIV:
case S MOD:
as.cltd() ;
as.idiv(cx(left.type)) ;
if (op == Op.S_MOD) ({
as.mov (dx (), left);

}

MM cled 84, X dx T TS 8, HEPUT 1div 84, #H1T ox FfEd
Hl ax AR Z BIMIBRIEEE . BRAFERE (s_MoD) RYNHEE, HE E mov FE4E dx 47
PAEAE AN ax FAA7R

[ =mtkiize
SRR == 22 BSE TR INARELRL, JE0sAIE, == (BQ) SWUsRiFmAn 1LY,

cmpl %$ecx, %eax
sete %al
movzbl %al, %eax

T cnp 184 e e A Rk s . X, WA Fak sREAN S, ZF bRl As
H 1o HHEWA sete #8440 ZF bRk EBUE E] al FFA788 1. F A movzx 84 (movzbl
B4 ) 4 al AAAFA I TRY R, LA eax T . T EIIT movzx F84 B FIZ A
B iEAE (NOT) BRI —FE,
WG iR, compileBinaryOp HY EQ &R/ CHS AT .

as.cmp (right, ax(left.type));
as.sete (al());
as.movzx(al(), left);

Hrp, right §JE cx 2if7ar, left L2 ax FA7av. XBACIS A R JLF-FNC g/ LA —
R, I R S PR
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5| HE S FNK{E

AR AR | A B SR 7

%' RiFEVarps
SRS S R Var A AR, B, var AR SR R

movl 4 (%ebp), %eax

ik var AR AACASTE 157 Fis
KRALFER 15.17 4WiF Var T &= ( sysdep/x86/CodeGenerator.java )

public Void visit (Var node)
loadvariable (node, ax());
return null;

}

AL T 25 H loadvariable ki T, loadvariable FikMH 1 MS4UE
TR var 155, 4 2 NSBOE IR B bl

WMHKFEFH loadvariable Jiik,
R #7EE 15.18 loadVariable 77i% ( sysdep/x86/CodeGenerator.java )

private void loadvVariable (Var var, Register dest) {
if (var.memref () == null) {
Register a = dest.forType (naturalType) ;
as.mov (var.address (), a);
load (mem(a), dest.forType(var.type()));

}

else {
load (var.memref (), dest.forType(var.type()));

}
}
IR FM var .memref () == null HEEAMUAETEOCHES (55 21 &) MmHEE, 7E4F
FE B2 R AR LN AL . I, AR SE 2SS TH B then #47
else WM T load Kk, load HIEMHS | NSECELEIMEBIRM NG I, 21
SHORINE BRI TR
&GN load HIEMEH 1 NS4 var .memref () 2T NS XS, Wit
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Jry ¥R AR 1 ] bp A AF AR ORAE, PRI IR [0 A2 1R 4 (% ebp) XAEMRIAENFEGIH. var.
memref () FIELEXFEH T IR FHEX A IndirectMemoryReference X4,

FAN, H 2 AN dest . forType (var. type ()) bR/ MY Register X4,
il ax () . forType (Type . INT8) iR [Hl al ZFf7#s XM [ Register X4,

X B I 1oad Jrikroftns,
RLEFE 1519 load 7k ( sysdep/x86/CodeGenerator.java )

private void load (MemoryReference mem, Register reg) ({
as.mov (mem, reg) ;

}

load JIEUXERE T wov Irike XANTIERIE RN 11U PAEH Nz mov #5 .
LRGSR, P RRAY THET T a0 M AR

as.mov (var.memref (), ax(var.type()));

WYL, WEREX N var . menref () 1, {EIEMZF] ax 2FfFas. T30, TN
Wl iR/ VRIS e — 2

i Addr 95

T RBERRAZL RN Addr RS IFERE. var TWAUEMBEENENT A, 5
ZAXE, Addr W RURBCEASE A LR A I, WAURREE R Addr 1k, R4
FE IS T T AR A AU

leal 4 (%ebp), %eax

BERBWACS . 4 addr 19 RS IR L 15.20 Fis .
RHLFEER 1520 4iF Addr 55 ( sysdep/x86/CodeGenerator.java )

public Void visit (Addr node)
loadAddress (node.entity (), ax());
return null;

}

NIV HA T A, 1oadAaddress 5 1 NS HUR T EARBUMLE A 2S5,
55 2 DS EONE O AF L hE 27 A7 45

loadaddress Jik MM ARASIE B 15.21 PR
R#LiER 1521 loadAddress 7% ( sysdep/x86/CodeGenerator.java )

private void loadAddress (Entity var, Register dest) ({
if (var.address() != null) {
as.mov (var.address (), dest);



167 SIETEfmEE | 303

}

else {
as.lea(var.memref (), dest);

}
}

B9, var.address () &R PR EHILEA T, var.address () dF null HRHE, H
FEHEAMEANE Sy k15 B A BT
M var.address () Hnull WEHE, JHH lea 8440 var .memref () SR HIEE
PR . var .memref () A EXT N MemoryReference () X4,
i, M2 N R BT, var.address () /g null, var.memref () NJ&
(3ebp) XFEMS NG XIS . FIF Lea $54 0] LIAEIX A~ A7 HUE 3 B B 2 A7a .

m' RiE Mem B

FER R 51 IFE 51X 0 #Y Mem 19 5B S iR ad B o G Mem 9 AR AUHS An AR A 1 R
15.22 7R
REFEE 1522 4iF Mem T & ( sysdep/x86/CodeGenerator.java )

public Void visit (Mem node) {
compile (node.expr()) ;
load (mem(ax()), ax(node.type()));
return null;

}

B compile FEHMITFA ST *x Y x MFER . FiFa i g st x MEAF
ax W

BV Load ik, 1 ax TFAAAHE AT NAFHAE mem (ax () ) BYENINEE] ax ZFFEasH
XM E R RN A node . type () »

XA RIS

5 %% Assign F

EARTRSG, AT T f— FREX A Assign Wk, HiF Assign ARSI
T 15.23 FiTR.
DB 15.23  4HiF Assign T & ( sysdep/x86/CodeGenerator.java )

public Void visit (Assign node) {
if (node.lhs().isAddr() && node.lhs() .memref () != null)
compile (node.rhs()) ;
store (ax(node.lhs () .type()), node.lhs () .memref ()) ;



304 | #15F REFRAREY

}

else if (node.rhs().isConstant()) {
compile (node.lhs ()) ;

as.mov(ax (), cx());

loadConstant (node.rhs (), ax());

store (ax (node.lhs () .type()), mem(cx()));
1
else {

compile (node.rhs()) ;
as.virtualPush(ax()) ;
compile (node. lhs())

as.mov(ax (), cx());

as. v1rtua1Pop(ax())

store (ax (node.lhs () .type()), mem(cx()));

}

return null;

}

AT MK 1 1A, 473 ﬂ"%‘/ﬁlﬁo ik, XA Bin RN EYEN—FE, &
BT O CESRY B AT AR 53 . B —FME O EaE Y FﬁuﬁmﬂéﬁéﬂﬂﬁéTﬁéﬁﬁo

B4, M compile Jrikgmirar E{ﬁ/\?’iﬂlﬂ'} node.rhs (), WM virtualPush Jrik
I ax A fFaw (A (A LRI XAE ) RO

SRIG R compile FEHIFICAZLINN node . 1hs () o XA MERN IXC ZAFA
T ax TR, TR mov 82X AMESE A ox TA74N o

4N virtualpop Jr AL NIRICRAAAT (047 T IR L 3] ax Ziffdeiro

WEHH store HIEM ax FAEMIE (LMLMNE) BA ox aifar (LEHME) f1H
f£o Hrh store LT FIR, HERLAELR T mov ik,
RLiEE 15.24 store 773k ( sysdep/x86/CodeGenerator.java )

private void store (Register reg, MemoryReference mem) {
as.mov (reg, mem) ;

}

XK Assign WA IETEM 1o WARA DGR, T LLEE— FOLALACRS AR ER r e . IR
FE4R T HEICEEARR, N LAY
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AN Jump 18R] RO . return A PELRE

4312 LabelStmt =5

MR EF LabelStmt T g i
RALFER 15.25 4HiF LabelStmt T & ( sysdep/x86/CodeGenerator.java )

public Void visit (LabelStmt node) {
as.label (node.label ()) ;
return null;

}

VAN H  AssemblyCode 250 label HREUE XFRZETNE, NHEIRAMEE,

Y %% Jump 55

TNHPRE Jump 9 SIS
RELFL 1526 47iF Jump 7= ( sysdep/x86/CodeGenerator.java )

public Void visit (Jump node) {
as.jmp (node.label()) ;
return null;

]
AL FIRAOALIL, BLRET Jup 484, AL ABEEES] HARFFAS ) Jmp FE4TIE .
[ %% CJump 55

T RFB B I GA SR caump 7. X — R SA A SR IMERE T
REQER 15.27 #HiF Cdump T4 ( sysdep/x86/CodeGenerator.java )

public Void visit (CJump node) {
compile (node.cond()) ;
Type t = node.cond() .type();
as.test (ax(t), ax(t));
as.jnz (node.thenlLabel ()) ;
as.jmp (node.elselLabel()) ;
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return null;

}

TR compile FiEGIFE&MFE LA node. cond () » XAELMFRIARMENZAEHT
ax TA7an, T test 184 HI ax FfFan E AL IR ax FASMEIE 0, Hst
JEFRMRREAE 0 (= H ), WFREFFA ZF AN 1, TR jnz I8 8T, H&Bk
%% node . thenLabel () .

WER ax ZAAEARIOMEN 0, WAL R UA R XIER 0 (=18 ), I2abrBE A4 ZF A
0, KT RE jnz T8 ARSHHIT, T ABETE S Jmp 8 HEHIT, &
A PkE53) node . elseLabel ()

BgE—TF, &R iA node. cond () NEK B3 node. thenLabel () b4, MiEAT
Pk R node . elseLabel () FrZ&.

BT U ARB I i R R RS HORR R AR 22, 3 PR X R A e 4 i b A A
g N TARZ IS, PRI 4 s g A SR i i e AR 2 1

‘%' RiF Call P

DKLy RS P 2 i — o, T AR TR 3R TR B 20 sREIOR NG call o fmgmid s,
RED;F8 15.28 4% Call 754 ( sysdep/x86/CodeGenerator.java )

public Void visit(Call node) {
for (Expr arg : ListUtils.reverse (node.args())) ({
compile (arg) ;
as.push(ax());
}
if (node.isStaticCall()) {
as.call (node. function() .callingSymbol()) ;
1
else {
compile (node.expr()) ;
as.callAbsolute(ax()) ;
1
// >4 bytes arguments are not supported.
rewindStack (as, stackSizeFromWordNum (node.numArgs())) ;
return null;

}

MG — T XA R A B R S5 M. B IT IR & foreach 15 4], WAL 1€ B4, IR 5 A2
rewindStack ik, BN HABSESERARMAES . 8 R E RIS AR BR S AR
I T A A AR S o

HEM ListUtils. reverse JIEESS node . args () #F, #MSHET ( NAHE
£2) WIBFABE . 7 cdecl FIZYE T, SZEiiSEOU A AR TI . HAgii i, WA i
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SRR, BE NS EOTHR, 7 gt 26240, IR push A S AR

HFTEITA SRS, HEEHRIRHREL, node.isStaticCall () HFHIMHXAeREEHE B
FEF sREAA EA TR A 2 T R SR S T TR . WS 2adiad REZ R, IR Al call 45
Ao WAL RS, IR A A S X HIEEY call $84, R call *$eax X,

Call 2K isstaticCall Jy il THIWT ek A HI &I i) s 24 i 2 R AR B Ty . 4
HAHYET £ (a) WY £ MRIBAERECEAIN S G, B4 £ (a) BRI pRECAL I T IO R AR
isStaticCall () ¥Rl true; WRAYT £ WRBAPEAVEREIEE, B4 £ (a) WE
I PRBEE EF I TR RSO, XA isStaticcall () BRI false. B4, W £ H)
FAIREASE PRECE S A SRER 5T, IR R, N %M TypeChecker #ilil 5% o

node. function () .callingSymbol () J&iR [EIR AR A5 iRk . X5
IR RS — B, ABAEHEE T OS] pR AR 4 R AR TR g 2 AN ], X
ST AT LIS HA 21 #

WE, 1E call $842)E, WHEMNRBORALR M EHE, 4 rewindStack ik, 4
BEBARS . rewindstack kMMM SILS IR LR I, B SEER
I AFE

RBENRIR/INE “SEAE A7 cbe TREVE N RESEEARTE 4 AT, PRIk b
AWSECERIE 4 7795, IS EOI S AR T AT Bl S8 547 kit

%' #RiF Return ¥

% J5 P cbe XF R IR return A B H EALAS Y i —Return W A B g ikt FE . 4
Return 15 s e g CAL A PR A S anf A% B 15.29 PR,
RELFER 15.29 ZwiF Return T & ( sysdep/x86/CodeGenerator.java )

public Void visit (Return node) {
if (node.expr() !'= null) ({
compile (node.expr()) ;

}
as.jmp (epilogue) ;
return null;

}

B, R return RENWRZRFRIER, IBAZSEHGIFEXNFIBENX . GIFE NSRS IME R
ax A frenh, PGXAME A ARBERL TR IEHE (PN sREU IR [MEEE AT ax FFAFas AL ),

SRIG . A TCAA Bk 1) jmp 784, Bk 3] epilogue #1745, epilogue J&iE X AEPRELE
FATFSRIRRAE . SXFERE AT LISk R B T IO1RAS, 25 R BRI

Zi b, XF call HA M Return A MM RIS T F—2ok ik E0y 5 M
RIS AA R, PASRHRAE B N A A5



bafiled D

FEFEHRRY TS BENEBRENR, B
TEMSBELARTIMIINIIEERY alloca ¥

o

E= BERIN
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AR cbe HAR Y7 2 R S

H " cbe Ay IR
cbe Az B AR A 5 AT 16.1 P .

L meRrs
~— 18 A EL M SR B BT 89 esp
BARENE 1 MBS
BARENE 2 MR
BARENE 3 NS
REUF =5 esp
[mBf &=
—-20(%ebp) . S \
—16(%ebp)
BHEE 2
—12(%ebp)
BEEE
-8(%ebp)
callee-save 7758 2
-4(%ebp)
callee-save H1F% 1
0(%ebp)
R EH) ebp
4(%ebp)
IR Bl #b 3t
8(%ebp) S .
B AN =R E R IR
12(%ebp)
2105
16(%ebp)
3N

& 16.1 cbc Bk
XALERIF x86 CPU T 1Y Linux BUFRAERRIIZE# A —ZF
H— e EE, e “IRerAs g A A al b m AR i 5 I B A8 5 7E cbe R,
Fp ] AR F A I ) 2 R R AR A AL B R AR AR R AR T SR 15 B Pl
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virtualPush R X I,
FAN, Vi FEEHE AN ebp FFA7 e AR NI H . ANRGRIC S 5 196, A s
AN EEWIAS INAE 5 X R MBS 2%, DRLMAE el (2 A 2 s 38 ) 2R S 2 m] AR R B X ok ] o

gt EN

JSAT BB ME BURRTREE (sp TP A7 ) BYIREL, /& cbe HAY— A4l . 78 cbe £ it
T, ESARTEE L HAT LI 4 Fh

1. ARG

2. B H A RS EUR BT

3. MEAth ek $0R ] B

4. $1T alloca BREET (alloca REMEXMARTBEASZERE—HNA)

TR BT & A BUERAR A, DA O R AR S A i AR i A A S (], BXORN 14 B A
1 —3K

$45 , TR A s B E DAZE FH sR B R [Ty, AR AT ET . PRSI TN 28 S AR S B
FEN TIESHURAR, N eREGR M AR AR £ 2 TR ARIDIRE

e, ABEARMHIAK alloca PREHL 2 AR FEET .

X LEEE A, PR AR 4 S P I A CIme AR AR, B 1S B
virtualPush fl virtualPop JiEIF AR TELPRE push 84 pop #64, TEmA St
i move $84, WKW SE SRR, A, virtualbPush Jiifl virtualpPop Jrikil
JRJZSEIN T AR AP . AT ST A AR AE DG N 2 o

REAFIEIRE

NP cbe H i REUAR T A SR, kR AR compileFunctionBody ikl
AR RS E 16.1 Bl
K#LiE®R 16.1  compileFunctionBody 7% ( sysdep/x86/CodeGenerator.java )

private void compileFunctionBody (AssemblyCode file, DefinedFunction func) ({
StackFrameInfo frame = new StackFrameInfol() ;
locateParameters (func.parameters()) ;
frame.lvarSize = locateLocalVariables (func.lvarScope()) ;

AssemblyCode body = optimize (compileStmts (func)) ;
frame.saveRegs = usedCalleeSaveRegisters (body) ;

frame.tempSize = body.virtualStack.maxSize() ;

fixLocalVariableOffsets (func.lvarScope (), frame.lvarOffset()) ;
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fixTempVariableOffsets (body, frame.tempOffset());

if (options.isVerboseAsm()) {
printStackFrameLayout (file, frame, func.localVariables()) ;

}

generateFunctionBody (file, body, frame) ;

compileFunctionBody /ALK %, T D CRAAEAE L] & N ER A AL FR R

compileFunctionBody (AssemblyCode file, DefinedFunction func) {
REFESH. BHETENANGFSIA
4R 1 R EA
EXERF BT ENRNFS] B
AR EImE T2 RS A
i file PRNFS . REAFIZERS 89T HAED

FECXA I LR I e AR A SR A AE T AR PRE T g, SR TCIE A 1Y
callee-save ZFFF- a1, WERAFIIEFTHT 1Y callee-save P A7 a8, WA REAA A Jmy A8 Bt I
FEXRIRA RS N AL . Wl 20, ANSEPRGR L IO Jm AR S i N AE S L, T S AR R
AR AT R T2k BRI 5 2 AN A DY

R TR, cbe T B B B A R AR N AT T . i et s o s
1 IndirectMemoryReference X RAEN R EMNAET I HIEITHIE, RIGHERIFLS ARG
PSS IndirectMemoryReference XA MR E Tk,

HAN, X H cbe TEA ACALEHE Y callee-save ZA71s N bx Zifras (S bp 5474 ), Kk
W] LIE AT AN BT R AE bx PR FER AR AR I, SR, — (XA 5 o6 Tk fpi I
WHZRKIH, KAk B v LR 7 (M 40 i T si 2R A7 ol di 27 R sE 2L,
SRR 24—, SRR T LR I L R ST 7 vk

T B # compileFunctionBody ML,



SHMBIHEENAFIE

AR YA o] o3 e Vs [n) S B0 R AR R N AES T
[ stk

KA FEA compileFunctionBody J7ikHIILL ).

K#LiEER 16.2 compileFunctionBody 7% ( sysdep/x86/CodeGenerator.java, #34 )

locateParameters (func.parameters()) ;
frame.lvarSize = locateLocalVariables (func.lvarScope()) ;

locateParameters Jrik i i A ECH TV SEIN NS H .

Il locateLocalVariables ik 54 BeH T Ui R A N AEG I . Ak, bE—
it X RSB NAET I HZERINAET I . A TERE T 75 2R AEY) callee-save AFFF
B Z )G, R LU A AN 1 NS RS

[ esmmesER

Bk E— T locateParameters ik, AL HSEONTE A& sR B0 FH A0 R ek £
et o BRI 16.2 Fras, HAV &7 R B FE £ (ebp ) LLRGR [k A9 5 1

Y eE S b BT R
0(%ebp) | '
JR R ETHI ebp
4(%ebp)
IR B #b 4k
8(%ebp) . ws " .
w1 ANBH %2 PR R B R SR B M AR
12(%ebp)
B 2108
16(%ebp)
#3NBHE
20(%ebp)

L] e
B 162 EESHALE

locateParameters JyEMSEI AN CASTE L 16.3 Frs.
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R AGEE 16.3 locateParameters 77i% (sysdep/x86/CodeGenerator.java)

static final private long PARAM START WORD = 2;
// return addr and saved bp

private void locateParameters (List<Parameter> params) {
long numWords = PARAM START WORD;
for (Parameter var : params) {
var.setMemref (mem(stackSizeFromWordNum (numWords), bp())) ;
numWords++ ;

}

HHp, PARAM START WORD #/nIESTERE FIEIGIMFEH, HEA N “F7,

F (word ) BYERAICESH, HIEAREL, AR “4E CPU FRYEIRIR/N,
AEHEREASE AR CPU FRYEIRKR/N . cbe MIA A | FokFREHAF AR/, Wik
AN,

BIELAERRIG, B lFRSEmME R numWords ¥Rkl PARAM_START
WORD, #RJG{#iH foreach 154 NEENSE/0 L MemoryReference, var.setMemref Hik
NBE (FRSBE) Parameter X% ) X E MemoryReference MER, FB, 2S5
mem (..., bp()) TR bp AFFEaAINT NS

FI N HA stackSizeFromWordNum ik [ o WNF /R, stackSizeFromWordNum
TrEART R, AR PR AR 8
RHEE 16.4 stackSizeFromWordNum 75 3% (sysdep/x86/CodeGenerator.java)

private long stackSizeFromWordNum(long numWords) {
return numWords * STACK WORD_SIZE;

}
STACK_WORD_SIZE F/Rikr | FRYFI 8L, Wl 4. 1A-32 295, SR 5
e 4 AT AR BRI RO TR (4 1A 1A
BZE—T, BN 8 (sebp) FFifh, MU 1 F (457 ) HENSES I AT NS
Mo WHtEil, SN0 8 (sebp) . 12 ($ebp) . 16 ($ebp) -++--cbe 11, S8R
KA 4AFA, I HAESA A SE N AR 2, I A3 BT LR TR R

BT RNRESE: BN

TRV U] R AR BEAT R A S L IR, Anl&T 16.3 B, R As i IRAF fE A AT
f14 R B BT

BRICLISN, 5 ZURRITE TR X 3 5.

HSE, XAEHEEA 1A callee-save A7 anfl IRAF SN 1Ak P, SEPR B RTREA 2 41>, Bl
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. HIt locateLocalVariables FiEE iR A callee-save FA7-w AUIE A E AR ERAIRAS A

Jey A o3 P i A% A

e E
~16(%ebp) | '
BHEE3
—-12(%ebp) = .
%%BE% 2 ?}HTEPE/J El%ﬁlﬂ’\]*)*zfllﬁ
-8(%ebp)
BETE
—4(%ebp)
callee-save & 1758
0(%ebp) .

EET R R
E 163 RHETEMME

Hk, JRiR s MBHCRRE, RA A BE R8s R, HI RN —E R 4 D5,
T8k, PUORHLASARARRI T 55 5 A ZOR 5%, B AR 5 2T e .

HJ5, 18 cbe Y, PN RERAL B AOVE ISR SN, AR BB BC 2 R — D N E
BT ARG . 1 A SR BCR— AL E

int £ (int n) {
if (n > 5) {
int i = n * 5;
return 1;
} else {
int j = n * n;
return j;

TEFE TORMBI R, T RFRIERX 3 £,

BT BNRESER

KRR LN AES | Y locateLocalVariables J7ik U QARSI H1 16.5 PR
R#LiEER 16.5 locateLocalVariables 7% (sysdep/x86/CodeGenerator.java)

private long locateLocalVariables (LocalScope scope) {
return locatelLocalVariables (scope, 0);

}

private long locateLocalVariables (LocalScope scope, long parentStackLen) {
long len = parentStackLen;
for (DefinedVariable var : scope.localVariables()) {
len = alignStack(len + var.allocSize()) ;
var.setMemref (relocatableMem(-len, bp()));
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long maxLen = len;

for (LocalScope s : scope.children()) ({
long childLen = locateLocalVariables(s, len);
maxLen = Math.max (maxLen, childLen) ;

}

return maxLen;

51 ANSEAA 1 D) locateLocalVariables Jrd A BREL, HIEXAS A F pRECR H]
£ 2 MBH) locateLocalVariables Jik, #hAIERA PR

2428 locateLocalVariables JFEEMTTAN I 1 > LocalScope X% Y Ry
A, LocalScope XARAE Cb RIS (R LR 5 B  ). XA HIEUSTT
KGR, PR R R A R BCN A U, JE R A R R T

QMEERERNETTE
BRI ER locateLocalvariables JriEMATEE MY, 0F Fiw.

long len = parentStackLen;

for (DefinedVariable var : scope.localVariables())
len = alignStack(len + var.allocSize()) ;
var.setMemref (relocatableMem(-len, bp()));

}

At len FRon HEN IR 43 AY JadB AR & X RN, BB A8 5 Len LRGN 55
% 2 5% parentStackLen., parentStackLen 802 SCAEFI A/l ) AR/

%5 2 471 foreach H AR N 1A Rl A2 523 B ECNAFS I 78 foreach iH]N
MEE 147, 8 len ZBEIGHN 1 MERAA/D, I alignstack J7ERHE len A H

Ml var.allocsize () AJLIRAR 1Al A8 & i K/, SXAME I B0 51, B
char BRI REIE 1, int BRPGERNDE 4, JRHAE &8RS B s M AR s, H
AT LGB ISR 12 3 A 8 R TE A T35 /N #51 Type a3 TR/ size J5
e, BOSER TG AT LA S IEAH ARG .

G var . setMemref HIEAECNA G, relocatableMem /7% Ml mem Fikpd sk
ML —3, HEfEH NS & — Mrdih, TR ma] 48,

P ORBURIT R AR S mFS it T . relocatableMem HikRIH 1| S5 (e )
BALAN -len. WAFAR -len We? RIFAS R AR/ IR REIIOCR WA 16.4 PR, IS,

B 1A R R A RN 4 T, BTN 4 F . XA R AR R R R o -4
52 AR AR R KN 8 FAT, BTN/ 12 F5 . XA R AR fE ) I A i 2 - 12,
WEEUL, SRR/ (Len) MBS Z 58X REB AR S i A i 1, Xt mi A
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AR E RN - 1en BYJEIA

P R
~16(%ebp) }
4577
-12(%ebp)
8 ¥
—4(%ebp)
477
m%wbml
Rt

E 164 RFHTENREZE

pOEad: i N

alignStack FiLMISEELANT .
RHEBEE 16.6 alignStack F7i% (sysdep/x86/CodeGenerator.java)

private long alignStack(long size) {
return AsmUtils.align(size, STACK WORD SIZE) ;
}

BRI, #2MH AsmUtils.align ik, &I “KT5F size i) STACK_WORD_
SIZE WH/MEE”. STACK WORD SIZE WM N 4, WHWMF size H 1, 2. 3, 42
Hi—4, 4 alignsStack WRIMEN 4, WK size K5, 6. 7. 8 ZHH—1, 4
alignStack MR [FI{E N 8.

AsmUtils.align AACESUNFRT/R.

RELEE 16.7 align F73% (utils/AsmUtils.java)

static public long align(long n, long alignment) {
return (n + alignment - 1) / alignment * alignment;

}

align FiERM “KFET n W a W/MEEC WFAEEEES nfla, n/a*apiiE
ONTEET n i a MRS, Hitknfn b (a-1) G ERERBE ST ISR R T4%
T n i a BHR/AMER . 2380 LUGHRAE XA U R E AT T

47 FERIETEAIRFDE
G KHEH locateLocalVariables JiE)oEal A FEVE B ACHS




162 SZRANBBTENANESE | 317

#3758 16.8 locateLocalVariables 77i% ( ¥ &84, sysdep/x86/CodeGenerator.java)

long maxLen = len;

for (LocalScope s : scope.children()) ({
long childLen = locatelLocalVariables(s, len);
maxLen = Math.max (maxLen, childLen) ;

}

return maxLen;

i foreach 1Ak T-VERIEEZ scope . children (), i) IHHH locateLocalVariables
D7k TR

XHEEER, M TARNTFAEME, locateLocalvariables AN 2 MSEE AR
AT —AME (len)o XAALIRAEIR A F1E A A JryER AR 53 Te 1 FR A 2 ] — 7 B Y
FEgI . BTN A R EURAE TR A5 2N & 16.5 Frzs B INAF 3T

int f(int n)

{ /] fERE 1
int a = n * 3;
if (n > 5) { // fERE 2
int b = a + 7;
if (b > 0) { // 1ERE 3
int ¢ = b * b;
return c;
}
return 0;
} else { // {EFE 4
int z = x - 1;
return z;
}
}
fEFL 3

C

TR 2 EREL4
b d

maxLen

e
a

g3 hh, X B AU T T VR RS R I AT R A AR R AR RN, AR
maxLen B2 & 15 FIBE N 0 BT A Je A8 i o i N AE RN o (BB AR IEZEAL B R 1,
MR 1 B0 R AR B T 5 B INAE RN R Len, A3 T AR R 1 60 FVR I R s &
HAERNAFR/INA maxLen,
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~. 16 :h AR RS R E

AFTRE Y cbe Hhlmm A8 B S

B aER

IR QAT R AU I A BN RE N A . MERARAR 902 THE push Ml pop XY
AT mo 8406 W Y N A7 DT TR T RO AILE]
FATEUF I Gif U A R — T

pushl $eax

pushl $ecx
pushl $esi
popl $ecx
popl $eax
popl $esi

AL AR A R E——XF N RIS R, 524 AT LIE push $584 il pop F54 e m LA
Tl $ebp AY mov F54 .

movl seax, -4 (%ebp) # pushl seax
movl %ecx, -8 (%ebp) # pushl $ecx
movl %$esi, -12(%ebp) # pushl $esi
movl -12 (%ebp), %ecx # popl $ecx
movl -8 (%ebp), %eax # popl $eax
movl -4 (%ebp), %esi # popl $esi

push 54l pop 8410 T ebp ZFAFARIIMH 0 (Sebp) , HKBRVITAR Y A 7L
A _ERARAD I AT B ebp AFAFARAUME, 2 AR S ebp FFAAn AU IMES =, KRBV AN
FINAEHLE . cbe Ay REFDIARR IE &3 i T HEAHNT ebp 2F7Fae i ImAs e, it bk AR Rl
it mov $54- 1 —F L

A, XEHEEWEPE T, 4 HACY push $84F pop $84 IEHHL—— X RiHS, A al LI
push 84l pop 82 mov 54 .

TN, ERmEEA R, 15 push Ml pop ISMUFE S T ebp ZFFARBE, T A £
WAE . X FSOL T Tk IERTH AR . A — B 0T XA A2 A SRR, T
cbe A RS BA T A A
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ElaED

TR R 4

PR ) FZ R 2 AssemblyCode KA virtualPush F¥EM virtualPop Hik, ff
FHIXPIAS I E T LA A ] mov #5208 push #8481 pop 84, XL LTRSS 15
0 eI R (MFINRRZE 2) 45 E
*16.1 EMRMEXHAE

b7 MR
virtualPush(Register reg) A AR reg BUEE N KE IR EO AR AT
virtualPop(Register reg) A Al R $ A o H AR A 45 reg B9RAD

virtualPush JFiEMl virtualPop J7iENBEMI H virtualstack 253k 1B AT
F sebp M E, VirtualStack BHTHAE “HAET” X T sebp B, HPHE X
TN 16.2 iRk

#16.2 VirtualStack 7%

Fik BES

extend(long n) ERELIRIE R n F

rewind(long n) JERE LIRS n T

top!() 1R [8] 375 8] KE #0UA% T i 70 3K B9 A Fr btk
reset() ( R ) ML EE A%

T DRI A 46 5 kY S

B RLEE

HEA 4 Virtualstack REYZEHE, AUSEH 16.9 /R T VirtualStack KREYJEHF
it R
KABFER 16.9 VirtualStack KB 14 (sysdep/x86/AssemblyCode.java)

class VirtualStack {
private long offset;
private long max;
private List<IndirectMemoryReference> memrefs =
new ArrayList<IndirectMemoryReferences () ;

VirtualStack ()
reset () ;

}

void reset () {
offset = 0;
max = 0;
memrefs.clear() ;
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}

Hrp, of fset JEMEHRIAHX T sebp MRS . x86 T M PIAFHLIE 0 (977 [a] {1 i
1y, R, Wi/, A offset JEYESZAMIR, tRlkfE, FHABEA,

max J& PE & of fset B H AT My 1k 1Y I K{H. &5 ) memrefs & Pk T 0 17 35
F -4 (sebp) EXFEMITRIFRINAGIH. menrefs FERAAINAES | HTEZ IS PG B AR
SRS R AT IR E .

4N, VirtualStack FEHSLHISE AssemblyCode A A virtualStack JEMETFIRLE,

virtualPush 7535895

PR ORVH# virtualPush K5, virtualPush A0S AR ADIE L 16.10 TR,
RABEFE 16.10 virtualPush 7% (sysdep/x86/AssemblyCode.java)

void virtualPush(Register reg) {
if (verbose) ({
comment ("push " + reg.baseName() + " -> " + virtualStack.top());

}

virtualStack.extend (stackWordSize) ;
mov (reg, virtualStack.top()) ;

if (verbose) IXHMFCHLEA MIF R, XHES 20, 158, HH virtualstack.
extend (stackWordSize) i), & BEHIFHE stackWordsize XA K., stackWordSize
H1 CodeGenerator Z5[) STACK_WORD SIZE [FlfH, #B/2& 4.

BTN mov Jik, AU reg TAAARI AL AR IR mov $§4 . virtualStack.
top () iR MIREFEN AT FE LR T 9 PIAE L) IndirectMemoryReference X4,

VirtualStack#extend 75;i%£H95CH

P IOREFR virtualstack 25 extend H¥EA top HEERSEHL. BCUH# extend ik,
R#G;FEE 16.11  VirtualStack 258y extend F73% (sysdep/x86/AssemblyCode.java)

void extend(long len) ({
offset += len;
max = Math.max (offset, max) ;

}

A SLBUARGI ., MRS of fset MM len, HHUH max &H.
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VirtualStack#top 75;%RISCHL

T2 virtualStack 251 top H ik,
RAEGFEE 16.12  VirtualStack 2R top Fi% (sysdep/x86/AssemblyCode.java)

IndirectMemoryReference top()
IndirectMemoryReference mem = relocatableMem(-offset, bp());
memrefs.add (mem) ;
return mem;

}

HIEHH relocatableMem J7Ek, AV IndirectMemoryReference X4,
relocatableMem J5i%5 mem 7k L F—8, HEHA NN IndirectMemoryReference ¥4
HRFS EEZ SR A RESS A AR, relocatableMem 4 IndirectMemoryReference
MGFRIPERMT -4 (sebp) XFEM) . (HH bp FFAEAF BN AT .

AT memrefs. add (mem) , FENINIAE YRR ESINE] memrefs PRFFEE

IR A ALY IndirectMemoryReference ¥4, HATLEER,

virtualPop 75;%#95CH

A& YR virtualpop HIEMH, virtualPop kRS ARSI R 16.13 FivR,
KAELEE 16.13  virtualPop 77i% (sysdep/x86/AssemblyCode.java)

void virtualPop (Register reg) {
if (verbose) ({
comment ("pop " + reg.baseName() + " <- " + virtualStack.top());

}
mov (virtualStack.top (), reg);
virtualStack.rewind (stackWordSize) ;

XA 2RI AR 1 £ 1A BRI mov Jrik AR N AR T N AF HBEFE (2R A reg
TEFES . EIT virtualStack. rewind (stackWordSize) , [Hif5EIAR4H/N
stackWordSize, WLEZE 4 MMFT1T,

VL FREXT virtualPop HiEAOULHH

VirtualStack#rewind 75i£895CH

KFHNPEER virtualstack K rewind AR,
KABEBEER 16.14  VirtualStack LR rewind 77i% (sysdep/x86/AssemblyCode.java)

void rewind(long len)
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offset -= len;
1

KB L —H THk. offset AAmIli % len, SRIGHUTLH.

IR AEE

TEA T 0 e Ja 1k ATk B85 — T PR s E i . & 163 5128 1 ir 04T 1Y
virtualPop fll virtualPush ifif), AWM mov 82T EPUITIE of £set JEBMMIEEE,
KGRI AL 5ok SRk S REAUURR IR i AR AR
*®16.3 ERERURERNIES

BUTHI A & ERRIES offset B 1%
( $4787) 0
virtualPush(ax()); movl %eax, -4(%ebp) 4
virtualPush(cx()); movl %ecx, -8(%ebp) 8
virtualPush(si(); movl %esi, -12(%ebp) 12
virtualPop(cx()); movl -12(%ebp), %ecx 8
virtualPop(ax()); mov! -8(%ebp), %eax 4
virtualPop(si()); mov! -4(%ebp), %esi 0
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AR ARNRBE

AT P JRr B AR He A N I B AR S ) P B e 2K
é% FOHME
AT FEIA compileFunctionBody k5 JariR AL e A A A% & ) (i A%t 8 45 AH 5

HIFR A o HARBIARES AnARASTE 5 16.15 PR .
3B R 16.15 compileFunctionBody 7% (sysdep/x86/CodeGenerator.java, £843 )

AssemblyCode body = optimize (compileStmts (func)) ;
frame.saveRegs
frame.tempSize

usedCalleeSaveRegisters (body) ;
body.virtualStack.maxSize () ;

fixLocalVariableOffsets (func.lvarScope (), frame.lvarOffset());
fixTempVariableOffsets (body, frame.tempOffset()) ;

5 AT R EUA I g IRk, 25 H usedCalleesaveRegisters J1ik,
AT BAC i A0S il FH ] callee-save ZF 7 #%. 55 37— 08 virtualstack KA
maxSize Hik, 13HIGHASE B NAER/N

EEAT RIS T, B fixlocalvariableOffsets Hik, WA ECL AR
NS . BT R fixTempvariableOffsets Jiik, JAREIGRTAR it sy
Be 20 A R A%

DL R A A PR R AL o B T ORI AN A TR o

StackFramelnfo %

e IR rh 2RI frame 2T, frame BRHRFIYZE 1 StackFrameInfo
X%, StackFrameInfo 2 CodeGenerator ZEFINTRIS, BRIV EAFAL A Y R
B mifE 2

StackFrameInfo i LUANLALTE R 16.16 PR .

775 16.16 StackFramelnfo 2 (sysdep/x86/CodeGenerator.java)

class StackFrameInfo {
List<Register> saveRegs;
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long lvarSize;
long tempSize;

long saveRegsSize() { return saveRegs.size() * STACK WORD SIZE; }
long lvarOffset () { return saveRegsSize(); }

long tempOffset () { return saveRegsSize() + lvarSize; }

long frameSize() { return saveRegsSize() + lvarSize + tempSize; }

saveRegs BIETRIFHIE callee-save TR randl R, HAME ML L # R s AR R e
WA, A BRI S NTE 16.6 PR .

by = X3 tempSize frameSize
P EEX lvarSize tempOffset
callee-save FFES R FX I saveRegsSize ] lvarOffset

16.6 StackFramelnfo BB MR ERTHKE

IHEIEEFER callee-save 178

o E AR ) VR, 6 usedCcalleeSaveRegisters F ik i,

usedCalleeSaveRegisters JyikiR [ pRECH FEIAY callee-save ZifFEaiFR . HATHACHY
WARASE L 16.17 iR

RE3;F 8 16.17 usedCalleeSaveRegisters 3% (sysdep/x86/CodeGenerator.java)

private List<Register> usedCalleeSaveRegisters (AssemblyCode body) {

List<Register> result = new ArrayList<Registers>();
for (Register reg : calleeSaveRegisters()) {

if (body.doesUses (reg)) {

result.add(reg) ;

1
1
result.remove (bp()) ;
return result;

}

HRSE 1T T — 1% ArrayList X%, #%&JHH calleeSaveRegisters
T3 ¥ AR W callee-save 75 1 #i 51 £, I fli J] foreach i A ik [ iX A~ 1 . 2 )5 4 ] body .
doesUses (reg) HIWr sRE RS B T XA AF A4, QR E, WA A )
result B,

Ei}: PFT result . remove (bp () ) & bp ZFFa M result FEER. K MTE cbe 1, TG
ARG bp Ay, #SXTEREATEL, FTLAR A EH E R B I A
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54N, AssemblyCode 25 doesUses JTikH THIEE—1 AssemblyCode ¥4 P IHAS
FRE A B i . A AssemblyCode X ZARAE T B TFAE ol B, FF
PAIXAN T 15 1 S IR 7 5

TN AR FF A (0 FH A B D i 2ol DD BT A VX 52, X Register M4 HHT
T XA S, JEEARSRIE, Frax Bt A5 T

[ it e B R A

FE TR anng 3 I A AR e X KN, FE compileFunctionBody JrikR, R 1
AR SEE T XAk o

frame.tempSize = body.virtualStack.maxSize() ;

ST e ) 722 e 20 R R LR 20 T A7, PO R DU 194 S5 A PN A i 8 gl 2 1 2 5 DXl ) R
/N virtualStack ) maxSize Jy A LhR Bl BRI B R N AL . A ERSE
FLITRIEIR R AR Y max @ PEA(E

[ mzEsTEnmEs

2R R AR R AR A . BRI, compileFunctionBody JikH NI
AL I T X AR

fixlLocalVariableOffsets (func.lvarScope (), frame.lvarOffset()) ;

func.lvarScope () iR A func & EKRAAE T W ) LocalScope X4,
frame.lvarOffset () iR [A]Ja)HRAS G AU 1) A% & o

fixLocalVariableOffsets JiLMACISUN T iR,
KAZ7EFH 16.18 fixLocalVariableOffsets 77i% (sysdep/x86/CodeGenerator.java)

private void fixLocalVariableOffsets (LocalScope scope, long len) {
for (DefinedVariable var : scope.alllLocalVariables()) {
var.memref () .fixOffset (-1len) ;

}
}

e scope.allLocalVariables () f5E 2 a/E T WA R A &, SR H
foreach 1/ [, X &E— PRI AT memref ] fixoffset ik, NENTENME E
ik -len, WA len, XHEFEE S, len lH ZIEE, FIAERLLIT x86 XFEAY
FRARRETT A2 NAFHLEE 0 FUZERT , 8 - Len XFFMIAHS B BURAREY
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AT ENRES

JaKEFIRNAE R EIEE . compileFunctionBody J7 %L B AN TR 1A
WA,

fixTempVariableOffsets (body, frame.tempOffset()) ;

body JEFR/RREIRN AssemblyCode X4, frame.tempOffset () F NI X1,
IR R RS i

fixTempVariableOffsets LML U T Fs .
R#LiEH 16.19 fixTempVariableOffsets 77i% (sysdep/x86/CodeGenerator.java)

private void fixTempVariableOffsets (AssemblyCode asm, long len) {
asm.virtualStack.fixOffset (-1len) ;

}
XT asm Y VirtualStack SRIEA fixoffset Jiik, 21X VirtualStack X4
B IndirectMemoryReference WA MMBEEFNIIN E -1len, WiENZ len,
VirtualStack M2 fixoffset N memrefs TN IndirectMemoryReference
XA TR, WXL R4 AR £ix0f fset Tk,
UJ:E’JEE)%jB”‘REU&II A B R A B DR, Bk, PREIRI SR . ARSI IR
FE LA DL K P AR5 RS AR e i, T ) TAERE A A R BT SRS T
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q1659 S IR

A YR A0 2 LR 75 AR
[ w5

A hERAESFHEATC A WA E R, ARRE Y 5 s, BRSIE
generateFunctionBody JyiEH, HACHL AL 16.20 s,

REGEE 16.20 generateFunctionBody 77i% (sysdep/x86/CodeGenerator.java)

private void generateFunctionBody (AssemblyCode file,
AssemblyCode body, StackFrameInfo frame) {
file.virtualStack.reset () ;
prologue (file, frame.saveRegs, frame.frameSize());
if (options.isPositionIndependent () && body.doesUses (GOTBaseReg())) {
loadGOTBaseAddress (file, GOTBaseReg()) ;

}

file.addAll (body.assemblies ()) ;
epilogue (file, frame.saveRegs);
file.virtualStack.fixOffset (0) ;
}
Bk file.virtualStack P reset I, WitAfk £ile 9B, T E E—F
VBB IR 192 body . virtualStack, FXHEAIIRILE file.virtualStack AAl,
#HE WM prologue f?féfiﬁi‘ ﬁﬂ@?%ﬁﬁ%o
BHEN 1 £ AT DLZRERL, SXER AR 21 F A b JC OGRS AR DG
PR RIAT £ile.addall, %E%iﬁl%ﬂ@‘{[ﬁﬁﬁ%é%ﬁ%ﬁnﬂ file 125,
ZJEVHH epilogue A= il pRAL R ACAS
wha VATHEIR A2 file . virtualStack XA i) IndirectMemoryReference
MEPRE . BULit, EASECN 0, Frist RS a5 A AL

ERESES

THERARE B LR PREUT 5 S . AR EUF 5 ) prologue AL SIS A RS
16.21 FIi/n .
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RAEL7FE 16.21 prologue 7% (sysdep/x86/CodeGenerator.java)

private void prologue (AssemblyCode file,
List<Register> saveRegs, long frameSize) {
file.push(bp()) ;
file.mov(sp(), bp());
for (Register reg : saveRegs)
file.virtualPush(reg) ;

}

extendStack (file, frameSize) ;

}

HCHH push ik, A0 bp FAEEs EARAFE S . 5T mov Jrik, 408 sp FAFARIY
{HAEA bp Fiffas. XAERLSERL T bp AFFFa I LA

121 2K i i foreach 15 7]k /7 saveRegs., saveRegs J& 5 B AL 1711 callee-save 7F 17
IFN R, X BT AT A virtualPush 7k, A RJERNARIE, AR
virtualPush ik, FrUAHSE EAHMIEARE push $64, & mov #54. IXFERLA AL TR
17 callee-save ZF 74 IS

i 5 JH extendStack ik, A A L& HR I & framesize 5 AR 5,
extendStack JriEMACHS AN SIS TE B 16.22 Fi7s
KHLER 16.22 extendStack ik (sysdep/x86/CodeGenerator.java)

private void extendStack (AssemblyCode file, long len) ({
if (len > 0) {
file.sub(imm(len), sp());

}
}

BB ARG AR EIML: 2 Len KT O 1, J sub #468 sp AFAFARI M Len.
[ £mmsrs

TR — T A R R AR S A epilogue J5Ek (fUEIE A 16.23 ),
R#LiEE 16.23 epilogue F5i% (sysdep/x86/CodeGenerator.java)

private void epilogue (AssemblyCode file, List<Register> savedRegs) ({
for (Register reg : ListUtils.reverse (savedRegs))
file.virtualPop (reg) ;
}
file.mov (bp(), sp());
file.pop (bp()) ;
file.ret () ;

}

fe I3k 1) foreachifi i) AE W T VR A sREUT & HIRAFBIHMLER AR T 1Y callee-save ZF 78 AR
i, FIf ListUtils.reverse {l saveRegs, HMRAFEH callee-save Ff7-as s Fe AT, I
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i#3d foreach iFAJ ATl DT . X HEFRE, WRANX savedrRegs M HEF, FICIEMIKE
SERTEANLEAR A

F2 TRV mov Jri Ml pop ik, MUK sp TFAFEATFI bp T AR UMD

A ret ik, A ret 5%,

TXRE PREL Y B2 P AR B AR i 1 B R 1R A RO DG RS, 4G sREUT & . pREK
RS, MOEAMINA . HERh BB IAR, & LI )R B My b &, B ik
TAE AR T o AL F T B9 TARR BBk, s 21 FRaL, 3T —mn)
TR
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alloca R AYSCIR

AR — DAL AR REER MY PR ——alloca PREURIE ISEEL

42 alloca &

B, alloca AT LIBEMER CIES T alloca MREMIMIfLIR. NidiXHA alloca
PRAGE BRI IE?

alloca PRECHFHITENLER MEERKEN X, "TUEIER malloc PRELIHLEERMUA
alloca PREHERES BIANR PR .

#include <stdlib.h>

void* alloca(size_ t size);
BENER A 16 P IXIRES, aT DU T X R ] alloca pR%L
char* ptr = alloca(1l6) ;

alloca PRECHUZ S WIHLARER LI, PRk oo 30 0 DX DR B T B AR AR .
Jelt, YHATMT alloca R BREASITIEESS, o1 alloca MY IX B SR .

J38b, alloca eRECHSZIL™ B AR g s A U ARES , PRIOF S BT S, —fBehr
e CEEALE alloca, M2 M BARM SIS, BNTE gee Tt Ll S K%L
_ builtin alloca HIERRSLELN .

SCIRE

THPH# alloca PREYSZELEN] . ES %K 16.7, XEZRTNGILAY cbe HHrER A
cbe 1Y alloca REUHT HIFIGEN AR X DL e SEX B Z B NAF . B2, ¥ 16.7 H
i esp #1744 N esp #2 RIA[,
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esp #3 | B P AR

B RS
esp #2 1A alloca /&
alloca fREB§9X 15
esp #1 - HiTFERLE
T E
BHEE
—4(%ebp)
callee-save 1788

& 16.7 cbc Btk

alloca FEXRISZN

alloca PRECHAEE LAY I A SUE THA-FE T, XA SR HANACAS & sLFE M W7 X — 77
PHZ N,

TG, R A A AR (AR T bp FFAF AR A AR HNE , O ARER ST RS T
ASH T F5 L, AR NBEATHUE N T alloca PREGE MUY .

WK, MERBA LS AR 2 BEREWE?  cbe HURF pRELT SE S AR B AN F B 40UER T2 A
H push 84, Ik, JCit alloca sRECUNMAIARERTR ST, #AT AAFHZ FIEH R

e, £ CHFE, BTHXFESEPIM alloca rKEUN, HEURICEMIE,

printf ("%4d, %p, %d\n", 5, alloca(4), 7);
TEXFEA T, HPITSEERIAATF R, AU 4 S8 T ERZ )G, alloca ML
SEREPAT T o WYL, XAEHME alloca BREHITE T L5 4 SR 2 S8z I IX
W, XHE alloca PREL “— MO T ANREAE LA R B SECP B o

BULIL, cbe MEME alloca PREE HABL KA SE P H, WASTARE, KA cbe
A0 LIRS LA A N T 5 4

void *tmpO = alloca(4);
printf ("%d, %p, %d\n", 5, tmp0, 7);

] alloca pRECHT R BRI FTRILIX 28 b AR i R A AR 1

alloca ERERHISTIN

T cbe 1 alloca BRAUSEI, cbe ) alloca FREUE libebe . a XPER . i
cbe PUTEEREM A )G, libcbe.a 28 A shaEf: . Kt alloca pRECAT ATEREF HRIE R
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alloca PRECAYSCILAACASIE . 16.24 PR,
A58 16.24 cbc £ A alloca F#f (lib/alloca.s)

.text
.globl alloca
.type alloca,@function

alloca:
popl $ecx
movl (%esp), %eax
addl $3, %eax
andl $-4, %eax
subl %eax, %esp
leal 4 (%esp), %eax
jmp *%ecx
.size alloca, .-alloca

R, SORIUHET . BONSE HIRERRTE, LA IMNEH ChiEF M alloca
PR, TRMEELHES RS 1.

HEHAT popl $64, LR FIHIAEAEA ecx FRf7AR, [RIBFHASEAE S MR 4 A5, LA
esp ZH7#R1EIA] alloca FRELIIEE | D8, TRPUT movl A | MSEUUE B eax FAF
i

BAEPAT addl 184 andl $84, A5 1 MSENMEY RN 4 155G XEPTULN 9
JEH 4 ASEC R, B 1 ANSECN OSSR 0, A1, 2, 3, 44 R 4, K5,
6. 7. SHILRN 8. x86 i Linux HIRRHRA/ Ny 4 545, AT BaEA X e

XN R ER AR C IS P (size+3) & OXFFFFFFFC, WU, M3 JEHa 2
PR, a2 AHZFRHRAEAR Y T VB Sy LN R 1 4 (A58 i I 3 J5 fiak
TTIRXAERE, RIS (IE ) BEKME/NY 4 B

M5 alloca PREUKSEEL, F FRPUT subl 84815 esp FAFas IMEIN 25 eax AP f7annd
B, W2y Ryl

P, T leal 484, 8 esp il 4 JFIMEILA eax Affffr. X PHE alloca REHYIR
B, ZFLAZEmM 4, BRI alloca REGRFG, HRIGHFEEIRSHK/N. BT alloca
PRAGR I E LA alloca PREASE G (BdE4HE1R)G ) M esp —3, KT ZANEH
FLRER Y

AT Jmp 184, WS B FE sREGE LR 07 B AMRAT B ecx TFA7A% TP IR [ kit . PR
ret 84 0] esp T AR AR AR M, FFLIM alloca PREGR FIBFAEER ret 64,



AR ik

REBBRMUIEFRITTENRED K.




AARYPB A AR

SHZ R

TEREFP BT, $23) “fife”, —BHRiRIER PRI TEE . A ™ XA
—E RGP THE ARG

AT, GCC i — Mk -0s, A RMESA MM AR i/ NFAERE
PATH R, A A R/ MEA B Ak B —Fh i, XRERERAE AT IRV “AIft
PR AHSERIIEAL” o BRICLISN, i ST B A PR AHSC RO SR 8 P e R i JEE A 5
ML 2%, 9 BRSPS,

WA, — T s G TE MR R TE LA OCRI AL . A P TR VR Bt R AT
ARSI o

[ etz
BHA GRS NI, R PR

° EENE

o REE L

° FREHERE

o HIBRILE FREAR
® SERLRGED

o RETAEK

TR P

HEIFS

HEEME (constant folding ) FRAENE EFRAXAEGIFIT I T2 B BUT NP C 550,

int max size = 2 * 1024 * 1024; /* 2MB */
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X 2% 1024 * 1024 J& R HEFRIAN, FIEn] LIRS IERT 7108 IR R i ast

7R, WAREFs TRt n] IS X UG5, PRI RISRAS R A RA T8 o il
&,

s

B

R &L (algebraic simplification ) 8§ &M R ECAPER, Xk CE ik
Feln xox 1 XA F RN x S2—HE), ATLA IR x. [RIREHL, x+0. x-0 AT I
e xo T xx0 fHET o, Kbl DIEHH o SkfREr.

B EIEEIRE

PEARIZEIRE (strength reduction ) & HI S s 48 2 A T2 57

FAnid 2 ;X AR, 0T DU UL IZ 5 x+x. —BORUE CPU HH8INL Lt 3Rk
RO Ry, PRI BRI FRCRAARE, B x+x RIS, X RIS FERE” 1)
ik

TETIE AR A AL 12 AL R s RSB A — . — RO, KBRS 2 AE IRy R
BT LV R . By x LA 4 Tl x 268 2 LUARRIRCR 2 — MRy, G4 MR sk,

BRI RFEAT

HIBHEEFRiZR (common-subexpression elimination ) 81 EH BEE BB WIEN T, 8L
UGBS 48— KIs N 1
BEUTR Y C I F AU,

a*b + c
2 +a*b

int x
int y

XFx fy BT, axbrc XAERHEAE B, XFER T, B a*bc fE—
FE, FTDARDEETR 2 IR, N LR RS T R edt, oot il LA AR 1 IR

+ 1;
+ C;

int tmp = a * b + c;
int x tmp + 1;
int y 2 + tmp;

OB HIBRIL R 7Rk
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SR TERIES

B TFIER (dead code elimination ) 5 FJE M bR WFE P2 5 E AT AR AGHE S, B
M CIEFMEZEIE X, 584 LIMBR.

if (0) |
fprintf (stderr, "program started\n") ;
1

AL R TE AR A ARG TR AR L o

EREIAEX ( function inlining ) F8 ST (/N ) PR EHE R A B pREIE FHAL , (875 pR A

PV A7 1%
Fean R C 51,

int
region size (int n_block)

{
}

B e R M il it region size (2) XAEAIHAT T eRECH A, T84 5 HE e A
2%1024 S5 —FER) . U PRELIEX

Aid, HR region size &R EREINREL, it PL AR R —AScfk e S0
I RRECR . IR R T A I region size PREUREHHESHATRENEE, B AsEERH
o S AT AL

FHh, 2*%1024 XOE RS ENRE, FHILnT DLt w B3 S0 kB 2048,
XA Griz AT 10T DURIS TR AR . DT A RE IR F 205 25 F Ak s, A
TARIBCE P AR, R o SR — .

return n_block * 1024;
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RN AR 732

[ £F 50tk %
LA 3 AR R B AL T4
55 1A BRI OS2, T DA AR SO i )7 KBTS AT 3 2.
1. BDHITHIES
2. fEAEREMIES
3. FATHHMITIES

5 1 b5 s A T BT S A A FR R R AT I . AN T e R A G 1R
B T— 2484, T D S AT I 4 S B 505

£ 2 i 5 kA B R T R R SE LR — > FU AR . A RIR 1B T Rl B8
BER PR JrktE T

HAh, BUAERITHRALEL, AHICNAF TSR BE T, 35 A7 f B 5 ) AT TR B R o3
P, JEa] e T AU IR U AF RO $6-%, o mT AR THEURE o ot ol S PR ) 45 4 8 — Fof
LSR8

5 3 R YE LRI T 2 548 SR TE . BRI T C 1 AU,

int x = a * b;
int y = ¢ * d;

TEXANG AL, a*b Ml cxd TEHE MRMEAAAAEARMTIKBIC R, LR AT A2 A
M, X I THITIR ST B (RO x86 HAY SSE IXAE R LU T IT 21 a 8 1945
L MRS R TiX—H Tk

AR, X 3 MISEMR AT DI, I B AL ARCR AR Iy

HFEFEE D %
B FORBERERTEATEE A2, RIEERTEEAE, @R 2 #difl sk,
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1. BRI NRE AN TE

2. N &R TR E Tk

5 1A SR FA S WA, FEAR R/ DTSR AT LA 5k . X AERI AL T5
LR BAEBARAL (local optimization ), i, F1Xf— &R ML aRAS 45 4 SEAT AL B9 75k MV E B8R
MFLILAL (peep-hole optimization ). Hif SCHHHR 2 MR e ikis FEL BN LA 12 P 52—
MEALFLILAL -

55 2 Bh AR A= 2= 0 DLk BON L AL T e IXRERY TS ik — AR b 2 R 4E (global
optimization ), PRELNIRHUE & RILAH)— 01T

FyEs A R e R AR =, HRIE R AU S N i . AN R e BRI o, At
AT BRI PEACRCRENA A, B LURARR 52 mfiieoris.

[ £ FtemmERtatit s 2
SR A AT BRI AL DS . — IR 8 LALELL T IL AT 45 L7 AL

1 BXAE (T EIEERBLAL )

2. R ERILE (St pERED AL )

3.AERUCHRRILE (FXUCHRARAMLAL )

4. g (SRR EROTL)

WEORUL, BRI, BEEE X RARIE T AT . B AT . BT E R R R A
B, FATREE A EER, AE XA B B Re AT SR IMA R TR AL

TE P A B B AT LA T & oAt . B BenT LA M R B UL Ak 21 4 Jm A Ak ) Z2
etk lidie BeAbh, AEHER ARG L — B SRk, SHER S k.

— BGPTSR AT JGE AL 7o XA B e i A &
TEBAALO A AP 20 1

BE, BEEEWATH T, RS A R AR AL R Rk ) CRE, W]
DI P SRS T I I AT AL . Sl AN/ DR H P geideds , 240 Microsoft [ Visual Studio
Intel C Compiler(icc) ¢ #BHA TR RESEIN U PL AL DI RE
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cbc FREYHLIL

AR cbe T FRIIEAL T s

cbc FREgE L ER

X TARACRR, A4 o S L AR s AT B PREE LU S MDA, R R kAT T e
BLA, s AL A CPRIRIE R X PIRR,

cbe BRI R AR — IR R &, AR TR RS, IUERCRIIZART . A
HI TR B, B BRSSP 4 B A DR SE s 1

cbc FRSCHRIEML
cbe HEZEE T AN R AL

&

1. ¥ mov $0, reg ##pl xor reg, reg

2. 851 8iF -1 A EEE LA inc 3iE dec 15D
3. EEMBRS A o MINEAS B RUAZE

4. 50881 BE -1 RCAZEEL A dec HF inc 5
5. % 5rRE o MTRSKIZE (LA 0 IR ERE

6. EEEMBRSBNET 1 SRR IEHE

7.8 5:r00% 2. 4. 8. 16 MRFZBEHUMMNIEIES

8. HIEM R E T R IEENIRTHNES

DEEALAHR AT LU 1 ) 2 Z 8 s, Jf Haxsefu i nl IZ HIE T A 5

cbe RIS

TR DR cbe PRI, AT IR A SRAL T

AT LAE B BIRHT 7 200 AR AT LA X AR A T A : ISR Instruction Xf
E SEUE = i 11 ES B SR T G

e 1482228 ine 182 RENL, MER RS “add $1, ¥4 %7 XK
) Instruction Xg, DLEL/RZEHIN “inc FAHE" AL T cbe LXMW PR B F
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SingleInsnFilter MR HkFIR, WHHHIER 17.1 PR,
K858 171 A SingleInsnFilter £ 3c ATt (sysdep/x86/PeepholeOptimizer.java)

set.add (new SingleInsnFilter (
new InsnPattern("add", imm(1l), reg()),
new InsnTransform()
public Instruction apply(Instruction insn)
return insn.build("inc", insn.operand2()) ;
}
!
))

InsnPattern MR FRIESARI, MEM T InsnTransform 230X ST BAKAY
ARARAE . AR RN i R U — i gk, 2R SX T —> Instruction X RifT
VLHE, FFRy AR,
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BEFREMKL

cbe FREEA EEA HATIRARIAL, IR AWRZEHATEGZRII, 75 2 IRLE Ty AT
Wg? A rh RIS TR Z LRI

HF 1S ICERikIRISS

TR FIEISAMS . SR E N LAk

B, PEMRAS AR Stmt X ZX AR LA PR R, cbe JEAR AR A
ZE 1A Expr M4, IFAERIES, MHEMEEE U E N E TR LA EFEES (instruction
selection by pattern matching ), WIHEA: B NP 1454 o

FeingeAd s an & 17.1 Fos g ERESE, Mem, Bin, Int iX 3 AR a)fCAS T s HSL ] LA
BIE— R 1> mov F54

movl —8(%ebp), %eax
mov! 4(%eax), %eax

ETEALE®REFES
T s, A P AR AR, RIS TR SR AT 0, T AR IS %

RO TR IC FE e FE AR S T . 20 15 R4 Assign TR L HRT, XA —
HORR RO T TR IR B, X R TR AT BE e 18 Y —Fif

— R, X AT EIEE R PRGBS B A RCR R . BRI 17.1 1Y
B, F5rE B Mem, Bin, Var. IntiX 4 P WEML, £ Mem, Bin, Int X 3P
B I AR 3 E R
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SERSTeE

Hk, Mt — MR RN T %, IS fAdy, R NArDim, wit
TG RIS I AR B A AF o AR B A IC A AT I ARAEFR N D BB 7787 (register
allocation ),

SYBCAFAEAR YRS T, RN, FAGINEERD T AT RSFHEEAZH
A, BRI R G AR [ A i 2 (A R 2 A o it A D AR e A Bt
2 [T e, WAl R S AIWE AR 2 RN TRE”,

B CIEEY, 1 flx, 1 My BRI (35E Do it x Ay [W I Y
FTREMEAK, WAlEU, = fly X 2 A& DIEH] | A2 .

int i, ret;
for (1 = 0; 1 < 10; i++) {
if (i < 5) {
int x = 1 + 5;
ret = x * x;

}

else {
int y =1 * 2 + 1;
ret =y * vy;
}
}

BT R 7, FRONERATEERE ST (liveness analysis ).
TR R NG EREE, FERN T HIE A RS A DL R R — A A A A . TEMER [, —
e 2l FH— APk B2 E & ( graph coloring ) PRS2 A7 4 o

[ simssin
BT TR BRIE , 7 AT RL AR R, RSP RR WIS (control flow

analysis ).

HeAN, R B ACRS AR, — el i A S K B AR EBER (basic block ) 1EN
FANIXTG . PRI, F8MRA SR AN, WS ML AR AS Bk ke A B
Feanid, RS i £ 1A then #853F1 else #4r#F AT VAR AL,

[ xsmigeasimmsstin SSA Rzt

TR RS M ARG T, 75X R ML T4 0T
BTG, HEIE TR M (AR BRI T SO B R TEBRHE ST U
RBART AT
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— B2 {H FH SSA 23 ( static single assignment form ) X ip ARSI 2CEA T AR T 3EAR,
T IR 70T . GCC RS 4 AR T2 SSA TE M ) ARHS

SSA ERIERIE, K T i — A HawRE (P16 ) —ik, MR —04,
FK AR RARIE . BRI C IS AT, 1 IR,

int 1 = x * 5;
i += 6;
i *= 2;

U AL SSA AT, 2453 T A,

int i0 = x * 5;
il i0 + 6;
i2 i1 * 2;
SSA R W AFALTE T A2 s EARH W, Pl Ao b AR, B iR A8 &t 10 (1)
(B A M B LH e x * 5. R SSA ML, B ek Ak sttt JF B 5 HNAARD . 5
Hb, (T SSA TER I, BAMER) T 2R DT RS L T, X RARE R
HIPE A

S

cbe i BAARRIAES R . ARFrPEARATHE ARG, WERTEHE A Bt — P
>, ATASEY 22 BRI E 1A, B — T R




BER# X4 R Kensuke(cpy4ever@gmail.com) E5 EERAY



SEZEFN N

£185

SR BRI

£195

HEEFORE

F205

DNEFER

ENE

SRRt AL

$£228

i RIiE




SRk BRI

RER ML RS EXIORREDHIR
A, LIRFIFA GNU as & B3RS o
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" ELF X945+

AT TR BN ELF ST 45

ELF g988Y

Linux fff ] ELF fE0 HFR SOk, AT Linux 1 EFRSCEELL aout #0032, Al H T aout
R REAR G SR sl AR L S Cot, PRI SR/ R i ELF AU U, BRI o

ELF 4% U800 A BRSO AT T S AR L= R I 5 B Rieteft 2%, il
F ELF #2080 H 892U —A, AR AL AL AR S I Y e et A 5 5 -4 a8 A 28025 A 21
R A RAF R

(N ETiEpIve S €/E Y PR (N DR SN

1. RED ST RN B3 BT 8RR A XX

Vzeal =

2. 5%

I EEMNELR

4 FREE

55 1 mURISS 4 sSURXT EDULRT B, X HORBE RS 2 RURIEE 3 RGN E

5 (symbol ) #5MZAE B RE 2 PR, FIERAYIE O T B R g 10 5 i eR gk
AEH AR, A R SRS [F] ) SRR 5 SR TR (AR R S AR RIS S A RR . XA AR
HFR I BFREE (name mangling ).

BN CH+ R R I T AR E R R IE S — M CH BN AL, s UM static
int foo (int st) MWREL, M gee Hikla, 78 H bR SO gk ol DLF 35X A o B0 RoR A
_Z3fooi, PN CH+ ] LI R4 ARIRIHSHSRIANRI pREL, I AR SR B o

MEEAL (relocation ) {7 BT HR/RFEREHE S BUAT T8 2 PN A7 btk AR A 07 8 5 . n
b—mE TR, AR Rl A SO e SR RRER, IR AR AR G 9 B 2 U7 1] P AE Uk Y
A% CHAEGIE ) A, GnRJE LR NI R AL, I8 ATE S AR 42 50 U A RE B 22 H: A7
hbo FEXAMEN T, Birctbhst s Ema A E NS M AR S XHEMEER.
XS Bt e A5 B o

ELF SRt iR A
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ELF Ry¥F0ER

T AR . I g A e TR DL R ELF 3%
JF B N A7 T R g4 W 3 1 5 PR RS 5K, ELF P
SRR ZERE IR TR B A 5 A8 L 254 o (st )

T VR g R, B 181 O g M text 3
7~ T ELF CAF A vt 5 DL #2 F 3k (program rodata 7
header ) {5 ECRANHE, W ELF SC4 ] DA B nlg B 52 data 7
A5 WHRLIFI S (section header ) {5 B oAb, Mjn] got ¥
PUBBERTTEA .symtab

T (section) JEIL4#S. #EHEAR S ALFE ELF 3C strtab 35
PN B S, ELF SCHEA R B i . 2l 453
SOV ERCTARAE . BEHLESSE— A7) . cexe (AT
o, AR PG A EEE W AEAE . data Jih, B 181 ELF X444

EZ (segment ) NIZFEFEF MELENNAFAI NS AL PE ELF SRR 507 o BEfl 1AL B RdTy
. WA LARNERAE “HRiZ” a5 “nl$d7” SRR EM, B 2R ki
B BEEMMLARES R P T Z IO X, g — 3 2 nf TR B

BOMCHI NS AESS 20 TR, ARTSCANE RN A .

EiEHHEE ELF 35

ELF HbR XU i) 245403 18.1 Fios .
*18.1 HIRXHMEEELF T

ik kS

text e

data 2RTEE, EXHPERNNMEE

rodata AL FH data

bss BAMS (BR) &, AXHPERNMER
rel.text text BPHFSHNEEMER

.symtab NP EENRSER, LRNFEER strtab F PR
.strtab HFEEFHRIIF

.shstrtab BRFHFBRIF*R

Jinit B ARSI B AT B9 RS

.init_array B AR D0 B BT 8 sk B A FE B4R

fini B2 A RATHITHIRED

fini_array PR RATIA TR R B AOTE A

.note ATRERAENES

.debug BHENFSER

line RELFOER L RAD A TS 3T R
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ELF 1T 2R Z2FE, HHARZREEHER AR, X B RISl dngs I B 1T . cbe A%
# ELF X HALLT 4 47,
Ctext T
. .data T

1

2

3. .rodata ¥
4. bss T

MU A B

T text FURACE LA . BRI A text, (HASTASMRA LR

data FHCE A RINA VIR IER 2R AR R4S . AR5 A R R AR

-rodata F5 P E 2 AT R T SF AN RE ST A o rodata 572 Read Only DATA Y455

HJe, bss FIHCE B BEA WA H A2 /A8 1 45 . X35 1k ELF Uil ROME R,
HEHMEBINA G, SWECHTA T8 iR 0 BN AF43 ], BSS 42 Block Started by
Symbol i .

BSS pyH%

#& C &= M1E3& Dennis Ritchie P, BSS 2 IBM 709 B S (it EHE MHC 4espriE A
5%, SRHAERM, —EE—NTHRERBEAGTTHLER/NN—F, 5F—HEE—I TEEE
AR AN — 7, Bt A ABREAFINIESth AR, 22 BSS (Block Started by
Symbol ) #1 BES ( Block Ended by Symbol ), RiSHIZE BSS EZL %A T HEANE X,

{EHH readelf SSBHTL

i i Linux A9 binutils P15 H) readel £ 472 0] LU i ELF SCHRAIZ5H4 o
HREE readel £ AW LEE . EHHTLER, TEY readel f mAiE
E -8 (KRG S) ¥kui, 24 Faay4nl Dl nl 047 30 hello A LIE B

$ readelf -S hello
There are 21 section headers, starting at offset 0x670:

Section Headers:

[Nr] Name Type Addr Off Shize ES Flg Lk Inf Al
[ 0] NULL 00000000 000000 000000 0O 0 0 0
[ 1] .interp PROGBITS 08048114 000114 000013 0O A 0 0 1
[ 2] .note.ABI-tag NOTE 08048128 000128 000020 00 A 0 0 4
[ 3] .hash HASH 08048148 000148 000028 04 A 4 0 4
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[ 4] .dynsym DYNSYM 08048170 000170 000050 10 A 5 1 4
[ 5] .dynstr STRTAB 080481c0O0 0001cO 00004c 00 A 0 0 1
[ 6] .gnu.version VERSYM 0804820c 00020c 00000a 02 A 4 0 2
[ 71 .gnu.version r VERNEED 08048218 000218 000020 00 A 5 1 4
[ 8] .rel.dyn REL 08048238 000238 000008 08 A 4 0 4
[ 91 .rel.plt REL 08048240 000240 000018 08 A 4 11 4
[10] .init PROGBITS 08048258 000258 00000d 00 AX O 0 4
[11] .plt PROGBITS 08048268 000268 000040 04 AX O 0 4
[12] .text PROGBITS 080482b0 0002b0 000118 00 AX O 0 16
[13] .fini PROGBITS 080483c8 0003c8 000017 00 AX O 0 4
[14] .rodata PROGBITS 080483e0 0003e0 000017 00 A 0 0 4
[15] .dynamic DYNAMIC 080493f8 0003f8 0000c8 08 WA 5 0 4
[16] .got PROGBITS 080494c0 0004c0O 000004 04 WA O 0 4
[17] .got.plt PROGBITS 080494c4 0004c4 000018 04 WA O 0 4
[18] .data PROGBITS 080494dc 0004dc 000004 00 WA O 0 4
[19] .comment PROGBITS 00000000 0004e0 0000e8 00 0 0 1
[20] .shstrtab STRTAB 00000000 0005c8 0000a5 00 0 0 1
Key to Flags:
W (write), A (alloc), X (execute), M (merge), S (strings)
I (info), L (link order), G (group), x (unknown)
O (extra OS processing required) o (0OS specific), p (processor specific)

readelf -SaAMfthd, & 1172 1 D HNEE. AXAHH EA, hello St
£ .interp. .note.ABI-tag. .hash%f24 775,

(R readelf SRR

THAART LWL . readelf sy b -1 ¥EIUE AT i B RE Sk o BEEQNSRATUO0 4y
ASA LI H hello RT3k,

$ readelf -1 hello
Elf file type is EXEC (Executable file)
Entry point 0x80482b0

There are 7 program headers, starting at offset 52

Program Headers:

Type Offset VirtAddr PhysAddr FileSiz MemSiz Flg Align
PHDR 0x000034 0x08048034 0x08048034 0x000e0 0x000e0 R E 0x4
INTERP 0x000114 0x08048114 0x08048114 0x00013 0x00013 R ox1
[Requesting program interpreter: /lib/ld-linux.so.2]
LOAD 0x000000 0x08048000 0x08048000 0x003f7 0x003f7 R E 0x1000
LOAD 0x0003f8 0x080493f8 0x080493f8 0x000e8 0x000e8 RW 0x1000
DYNAMIC 0x0003f8 0x080493f8 0x080493f8 0x000c8 0x000c8 RW 0x4
NOTE 0x000128 0x08048128 0x08048128 0x00020 0x00020 R 0x4
GNU_STACK 0x000000 0x00000000 0x00000000 0x00000 0x00000 RWE 0x4

Section to Segment mapping:
Segment Sections...
00
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01 .interp

02 .interp .note.ABI-tag .hash .dynsym .dynstr .gnu.version .gnu.
version r .rel.dyn .rel.plt .init .plt .text .fini .rodata

03 .dynamic .got .got.plt .data

04 .dynamic

05 .note.ABI-tag

06

Program Headers: 17/ MiZBE B . % [Requesting program interpreter:
/1lib/1ld-linux.so.2] LIAh, 4 147808 1 DB I EmAH AT LIRS, 5 Type
PHDR [ E{F] GNU_STACK HYBHL 7 MEHFE B

AN, R A Section to Segment mapping: &b, Hi T& MBI AYTY . B0
ik, 01 Bt (Type N INTERP) Xf)if .interp 77, 04 Bt (Type  DYNAMIC) %
R .dynamic i,

[ (&6 readelf &MHE TS %
WG BFH readel £ W st AR SCIFIFT 53 (L symtab 17 ), readelf il
b -s I (XGRS s) AL AT SR . BEIPUAT TS T LIA R hello. o A5

fRE.

$ readelf -s hello.o

Symbol table '.symtab' contains 8 entries:

Num: Value Size Type Bind Vis Ndx Name
0: 00000000 0 NOTYPE LOCAL DEFAULT UND
1: 00000000 0 FILE LOCAL DEFAULT ABS test/hello.cb
2: 00000000 0 SECTION LOCAL DEFAULT 1
3: 00000000 0 SECTION LOCAL DEFAULT 3
4: 00000000 0 SECTION LOCAL DEFAULT 4
5: 00000000 0 SECTION LOCAL DEFAULT 5
6: 00000000 23 FUNC GLOBAL DEFAULT 1 main
7: 00000000 0 NOTYPE GLOBAL DEFAULT UND printf

WA TR S, hello.o SCHPHHEERT 8 MFE . B Num (00 1 HOAF R
SRS 4 Nun 4 6 FORFEHEEE main B

535, ST R. DI HNE B B Type b FILE FR SR
%, Type N FUNC W5 4%, Bind N LOCAL FRi%AF SALTE SO AT LU
1], Bind 24 GLOBAL WZF/RFF5 1] LITEREHE B bnhiila] .

readelf §< I

M HRAEER -, -1 fl - ®INLIAN, readelf b AREZHALBET, readelf
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(4 2.17 WA Hr I AN SR 18.2 I o
3% 18.2 readelf d5 & HIE

A& SEEEIRIN ax

-a --all BWHEMEE (5 -hiSsrdnV % EER )

-h —file-header B ELF >0fE sk

-l --program-headers | & i2 %3k

--segments -| §0 --program-headers &4 5!4
-S --section-headers | #rt ¥k
--sections -S #0 --section-headers 853 %

-g --section-groups WETHER

-t --section-details it -S EFENTER

-e --headers Wt 3FLER (5 -hIS R %)

-s --syms, --symbols | HHHFSEKEL

-n --notes #ith NOTE EZA0 .note THIAZR

-r --relocs Bt rel THAR (EENER)

-u --unwind W unwind THAE

-d --dynamic B dyn THAR

-V --version-info HWERFSHRAER

-A --arch-specific WHAREMNERER

-D --use-dynamic WHEHFSELN, A sym T, A dyn HHEEkRKT

-X --hex-dump=N JBR3IH N B 16 dEHHH

~wlt] --debug-dumpl=T] B H debug TEI R B0 t 2 “liaprmfFsoR” Z W EE— 1, T & line. info.

abbrev. pubnames\ aranges. macro. frames. frames-interp. str. loc. Ranges
ZHHER—, ATFREF D, tAT a8

-l --histogram RRGSERARE, BRIFIRNKENETE

-W --wide AT AK B RTE R

-v --version H readelf S HIRAE A

-H --help i readelf 555 IFBENE B

TeeWR—A~BEIT, A% eI I 915 B ZE BAR ELF SCHPONAEAE, Wkt e R

FAEZIER” }‘mﬁ o

42 DWARF #&3

TEARTTIRSG, IERAITRIR—T DWARF FHCHYNE .

DWARF 2% [ THITHE A bR SO s AT Bs 2, B RAS R 3, BREATLLE
TR HAR SR IE T, Al # i S 1 BLF SCPF—R i

DWARF X144 59t R PR Ui & Debugglng With Attributed Record Formats [4i%5 , Ai7E

DWARF #UA SCR 9354 18 I X —

AR ITBk. A T RIS RS R 44 0% A2

F'T ELF X2 PRS2 o
fifi ] DWARF ] A7E HARSCIFHIC s B {5 S o
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o HIEFFRE X4 X4

© Hl23A0H0 R £ BIXT R K R

o HEBINFRERIBTSHXN N XR

o TEMXEFIZIR

o KEIHZFR

DWAREF 5 B —ARAFE “. debug _abbrev” “.debug frame” L. “.debug” JF
Sk ELF T,

AA5% DWARF WU IE T, AR it T/ DWARF, FLIE] DWARF [HE
PV AR BA S SCRY , X eSO DE S, HoA Introduction to the DWARF Debugging Format iX
NSRS S AN e BGmAR 2 1 .

@ DWAREF #'E M : http:/dwarfstd.org/.
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2REERHE ELF XHPHRT

AT U ELF SCUFRR AR R A8 B 5 i

[ >FReaiE= ELF %5

BE ELF U3 C1ES (Ch) MemAssm, TELNLIT 2 M08,

1. AL E X E

2. IERTERS

B CYHRAE ELF P43 ic AR & 25 (8] B i2s o

GNU as 72 84T ELF Vi BcEdE2saln), 2fli H .section 34 ( .section directive ), Z£f]]
BRI HCF] . rodata FEFAACHS AR s .

.section .rodata
.LCO:
.string "Hello, World!\n"

XA "Hello, World!\n" XNFAFHRFHIESECE T . rodata 17, JFHMHATLL
Wit oo 5t TNl
.section 84U FEE I TN

.section P&

AR, TSGR 4 I Z AR A AR AR AR s DA ) < 8
XPNEEY ELF 5o BFAT R Grh, PR T oo Ml Lol AR T . rodata 1.

.section .rodata
.LCO:

.string "Hello, "
.LC1:

.string "World!\n"

$>ERLAER ELF 5

FAh, XMW, A FE AR T RS, B data WIFIRE, ATL
JH .section .data, WAL .data F0, 3 18.3 FE/R T XFEE S S .




182 2RTEBRHEAELF X#hmRz= | 355

*18.3 AMRETHEMRIES

54 RS> EERY T %t BzfY .section 54
text text .section .text
.data .data .section .data

9 fc .bss B

S . text A . data WHVA LIRS, BIF NI (bss TWiEE DL IS EA
o AL LIFEA bss MRS

.bss WHATBITIASAHE (WHRUL, e EdE ), IR gt s BisL
P, TR BT N AEAS ],

T 791 B A7 25 0] 75 2L AR %) .comm 384 (.comm directive ).

[ comn HE, ki, HFE ]

FEFEB AT AT AT ECE] “ RN ASF N =S, R LGl %57 SRiinlix
NFERET o B, EANNESESTIE 5787 ANFRMN5F. 280, . comm 84T E
[FIEE ERF S . K/ 55 i

. comm 84 [ HBIAN R Fis o

[ .comm gvar, 4, 4 ]

PAT B i AR RILL 4 505700 4 TN Azl JF Al U8 AR gvar #5147
Vilal, BFRXAWAZE S int AR unsigned long BARIEMHE, BARMEAIERA:
SR EARARS I E

RS

R4 BSS B 4208 . comm WE? . comm #5841 comm J& common symbol (4
5, JEASEE GEARKS (common symbol ) [UHE4 .

AT M A S A E], A LB UGE SR — D2 RIAFS . JFH., ot LT 20K,
TERRZ) HAR S P RIS PRI S RSB R 114

CIBFEFH Cb h, & HHEE VIR EN 2R e — RIS, AR ERIGEr
2Ry B NEE AT . WEDL, A8 EVRERN 2R Z R 2R EEE L,
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RAF/E main. ¢ Fl 1ib.c X 2 3CHF, SCPFN A ARSI ER 18.1 FIfCASHEER 18.2 iz, @
RGiEE 18.1 main.c
#include <stdio.h>
int i;
void set_i(int n);
int

main (int argc, char **argv)

{
set_1i(7);
printf ("i=%d\n", 1i);
return 0;

}
REDFE 182 lib.c
int i;

void
set i (int n)

AR R A AT USSR E, Al “fPS 1 R T SRR IR

$ gcc -Wall main.c -o main.o
$ gcc -Wall lib.c -o lib.o

$ gcc main.o lib.o -o main
$ 1s
lib.c main main.c

e G, AT PET SO main ATR 1 AOME 7.
$ ./main
i=7
WD, main.c PEXMAEE 1 Ml 1ib. ¢ PE XA 1 J2R— P8, Xt
5
F5h, R main.c fl lib. c FRE—DSCXAEEIT TR, IRAX R RS,
— AT, T — N RE A . XEHE, AT S B AR R . B AliE UL,
XHE M5 0 E X extern int 1 VERIREA—EL,
e T B X — o AN AR R — A2 Jm A s AT TR A, B AR A il —

O AEHPTRNE gee MATHLAEFAK, 42 HME gee AT RGBT hiF2MAT . FTIE gee AR R E
FEL AT R o R
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AT, AR BERET 24l S A iR

$ gcc -Wall -c main.c -o main.o
$ gcc -Wall -c lib.c -o lib.o

$ gcc main.o lib.o -o main

lib.o: (.data+0x0) : multiple definition of ~i'
main.o: (.data+0x0) : first defined here
collect2: 1d returned 1 exit status

RIME P BRI AR — 2, AT RN, S8R5 B HAR SO, 1 AR e i
il HAEHEAT 1 UK.

RS BT ENNAGS

HETRARDHRA R AG (R A 42 JR) A2 B B4 5 1052 SO

FEIL SIS, SRR ERER, 25— RIERENATSRA . syntab 7
i strtab W, CIHH (Cb) PAMIETAIRIEA, B LR ASFS I TG 2 CHREL
AR — BB RIAT

AT, WIRIER 7 RANE 4 PR R R R gvar 7RILGE T Al IR aTE

.data
gvar:
.long 7

B . data ST LT SRARIESRAFE] . data TP #EM . long 164, 1
FAR SR RN 4 PRI ZE RIS A 7 AP, &)a, WXAMEf RS E L gvar
RXAFT . AL . data W BT 4 FRIAAEAS ], I HBRCEHEDY 7, il gvar £F
AT LI 3> A S [RLHEA T U5 )

7380, % ELF SCPERE, DAoL IRk B9FF 5 RAEIL i as RO, B DU 2 2 H AR
SRR SR e, AR PR Bk HARi . no REEMATS, DA T 747 5 3
(. LCo KFERYAT S 1L HARSCAF AN A7 . AR A Dy ] it 228 25 B phy B2 B X R B AT
ARG as F82USIN -1 BT, ARl i DT LEAT 5 f 21 FARSCPF T o

RGNS

PSRRI UL | BRI/ NERPHAR B2 AT LIRS E R N IR G R8Tk
B, fT R AR R LocaL, (U/EA B E N GLOBAL A EH A THIS MY L & .
WA EHEAF S r] WS 2 GLoBAL, AILAEIT . globl 4TI E

.globl global_int
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XH global_int fF5 MR WML A T GLOBAL,
Hix, @Fﬁ size $84 T LIS AT X I A AR f i pRA /N, B lE o N iR ) T L
L global int XPMAFmAIK/INEE R 4,

.size global_int, 4

e, - type 184 A IS RS X I A A Rl s B . B R aRiEAy al LIS RE
global int jflﬁra (A PRER ).

.type global int, @object

TTR-EL

HA PP @function Fll @object., @function JEMKEL, 1M @object MIJEAF &,

[ iesEmrrSmmmss

i 38 AT B B IS S5 A — AT S R A AN A

B, . comm fEA T E IR 2 R/, HILABHAH] . size $84

H¥k, .comm Eé\ﬁ@?%ﬁﬁ?ﬂﬁﬁfﬁ‘fﬁigﬁﬂ\?ﬁ% GLOBAL, {U7EA 8455 I LOCAL I A FF
FH .local F84 M E . N FEATTLIE scomm XA~ AT 097 WL A LOCAL,

.local scomm

e, WS AR EIA, RO AELE HEHAS  eg, BrLGE A5 Bl Ry 2k
5k F& OBJECT.

‘W = g:l:

R, BE — MLE SRR R 2R B RIS Tk
B, Ak static AMIIRER SRR (B4l gvar ) & XATH,

.data
.globl gvar

.type gvar, @object
.size gvar, 4

gvar:

.long 7

JeH . data FEA LI FICARMEIERTE] . data 5. FEEMH .globl., .type fl .
size A F W gvar £FFE A WK GLOBAL., f5IHIINTEESAl N OBIECT JfH /N K 4 F
Vo A . long #8AFE HARSCI A R/INK 4 INAEZS ], REER 7, 4 gvar £F
SR LA A2 ]
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359
HiR, static IWAWILRER SRS EMESRERZRE (REEEA4HN svar) & XWT,
.data
.type svar, @object
.size svar, 4
svar:
.long 7

S . data FBA LR ICRNEIERFS] . data T, HEHH . type fl .size 54
AW svar fF5 4RI NAFEZS [ oBIJECT I HK/NR 4 745, £F5 0] WA EAME, st
J& LOCAL. FJEMH . long f847E HAn X AER/IN R 4 NFEZS ], B R 7, JFHA
svar £ ] LITialix S PA7E2s [

K, 9E static MEAWIHREN SRR (BIKEEAN csym) & XLUTF,

.comm csym, 4, 4
BXHEN] . comm $82 FHHLEATS csyme HA/NK 4 54795, IF HATBCNAFRT L 4 19
XF 5

Wi, static BEARIIRERFREEMGHSHRILE (REEESHN scsym) EX
ﬂ[]‘FO

.local scsym

.comm scsym, 4, 4

el . local 1RAHEHMATS scsym BRI LIEHBCN LOCAL, $EEMHA] . comm $54 A I —
RN 4 FFEAHT 4 515 AT 58 AT sesym,

TR LIRS cbe FLRD .



AT R A JR AL R A R e R L e AR 1Y cbe A9FRRD

generate 53&H9CI

FA1%em % 2 =LIAT, M codeGenerator KA MK, CodeGenerator 25
AHREJE generate Jiik, generate JEHEI—4 TR X4, RENCHATS, WHEH
18.3 7R
R#giE#R 18.3 generate 77i% ( sysdep/x86/CodeGenerator.java )

public AssemblyCode generate (IR ir)
locateSymbols (ir) ;
return generateAssemblyCode (ir) ;

}

iG] Locatesymbols Jitk, BUEFTAMIARE, WAL FRAH AL S .
#F& W generateAssemblyCode Jithk, THATE IR i il gl Ui, A FA 8
generateAssemblyCode /%, THSRIEHMME —T.

generateAssemblyCode 75;%R95CH

generateAssemblyCode Jiikill IR MR T4, il AssemblyCode X5, HAL
BN 0 18.4 IR
R#gi%E# 18.4 ( sysdep/x86/CodeGenerator.java )

private AssemblyCode generateAssemblyCode (IR ir)

AssemblyCode file = newAssemblyCode () ;

file. file(ir.fileName()) ;

if (ir.isGlobalVariableDefined()) {
generateDataSection(file, ir.definedGlobalVariables()) ;

1

if (ir.isStringLiteralDefined()) {
generateReadOnlyDataSection(file, ir.constantTable()) ;

1

if (ir.isFunctionDefined()) {
generateTextSection(file, ir.definedFunctions()) ;

}



}

HEHH newAssemblyCode J7ik, AMIRAAILGiXT R ATHTH AssemblyCode X4,
BEWMAH file ik, £ .file 8%,

183 RELBLE |

if (ir.isCommonSymbolDefined()) {
generateCommonSymbols (file, ir.definedCommonSymbols()) ;

if (options.isPositionIndependent ()) {
PICThunk (file, GOTBaseReg()) ;

}

return file;

-file M THEILHMBE ISR

361

MEE 3 AT TR 4 A 1 £ B A . data Y. . rodata . .text WAl .bss I,

AT L X R I A IR A 2R AL i

PLE RIS Gl oA O AT o T TR R 4 4> 1 £ SRR NI k.
JiAh, G 1E WRARA SHEETC A A FCRS, XIS AR S 21 TR

mEERETE

TR RECFIE AT . R 1

HRWMAR data W (AW HMMEMN 2R/ ) WM, &K . data 1
generateDataSection J7EM S U CALTE A 18.5 T/,
#3588 18.5 generateDataSection 75i% ( sysdep/x86/CodeGenerator.java )

private void generateDataSection (AssemblyCode file,

}

List<DefinedvVariable> gvars) {

file. data();
for (DefinedvVariable var : gvars) {

Symbol sym = globalSymbol (var.symbolString()) ;

if (!var.isPrivate()) {

file. globl (sym) ;

}

file._align(var.alignment ()) ;

file. type(sym, "@object");

file. size(sym, var.allocSize());

file.label (sym) ;

generateImmediate (file, var.type().allocSize(), var.ir());

HEHH data ik, M .data 84
2 FRAE foreach 1] TN gvars HEATH ), bR EE S 5
JeAEM Symbol ¥4, var.symbolString () RIS XN AT I FAF & . QT

Frik, 7E x86 FJ Linux , ZAEAZ M5 —2, HIL symbolString ik H kiR AR &

globalSymbol JiEt l—A81% T2 54 T4 ) Symbol X4,
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XU T SRR SO AR 1 44 AT R4 OS AT 1A BB A Ab 2, G SR B4 2% J x86
1Y Linux A93G, HFERIHHR ] new NamedSymbol (var.name ()) Hinf,

&, WHR var.isPrivate () N false (WHEHAERIE static), MMM globl
T, A . globl #84. AT AT WAERLAE S GLOBAL T

TR align ik, A .align 6% .align 882 T okrE ol E L
IR SHO P BUA RSB T A TSR BN 55 o B T AN 21 . long $84 HTEHIN
A5 [ IR 4 AT AT 55 S

.align 4
.long 7

%] generateDataSection FiLkWCIE, % FRIAMH type fl _size ik, &£
B . type HE2 M L size 64, T XE MR AFHA

TRV 1abel ke Lhr%s .

EVHH generateImmediate JIEAE . long ZRMYHES, WG EA HER U
WAFZS ], 32 FORSTEIAX 1 generateTmmediate Jrik,

A EAVAIE

A B A A R N AR (] 15 4 ) generateImmediate )5k, HARVAS U ALE
18.6 ffi7n .
#7358 18.6 generatelmmediate 77i% ( sysdep/x86/CodeGenerator.java )

private void generateImmediate (AssemblyCode file, long size, Expr node) {
if (node instanceof Int)
Int expr = (Int)node;
switch ((int)size) ({

case 1: file. byte(expr.value()); break;
case 2: file. value(expr.value()); break;
case 4: file. long(expr.value()); break;
case 8: file. quad(expr.value()); break;

default:
throw new Error("entry size must be 1,2,4,8");

}
}

else if (node instanceof Str)

Str expr = (Str)node;

switch ((int)size) ({

case 4: file. long(expr.symbol()) ; break;
case 8: file. quad(expr.symbol()) ; break;
default:

throw new Error ("pointer size must be 4,8");

}
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else {
throw new Error ("unknown literal node type" + node.getClass());

}
}

RIS E node (FRNERWIARMEMEILX ) & Int & str WP MRS, Int
FHNGE, PO ma, Irl SRS K/ NESXTE . byte, .value. .long
M . quad FESHHI—1~ Jbyte & 154, .value /&2 5417, .long /&4 577, .quad NE 8 515,
BIUHIURIER 7 BRI short AR, WISAERL FiddE4.

.value 7

MZH node A Str XIRAYMHERIZEFAF R P, XML T, PIRE NI TF45 5
TR AL WURE, RN IR, AT R AR

LCO

.string "Hello, World!\n"
/* ...... m% ...... */
msg

.long  .LCO # 15 char* XAEE msg WRHFERE, VIBEAFHFS .Lco 9t
AN, CIETF AT LM NS —EE i RS A WG IE char ST, {2 Cb il
A7 W, MBS node N str XEAF, R ARALIE char*,
static char msg[] = "Hello, World\n";

s Ch P E SRR ik CIEF MBS L, IB4 generateImmediate JrikNi%
SR WA X, 1T DL E S — TN XA

FEEETS

PR . bss TTHY generateCommonSymbols ¥, generateCommonSymbols
A NS B 18.7 s o
7G58 18.7 generateCommonSymbols 7% ( sysdep/x86/CodeGenerator.java )

private void generateCommonSymbols (AssemblyCode file,
List<DefinedVariable> variables) {
for (DefinedvVariable var : variables) ({
Symbol sym = globalSymbol (var.symbolString()) ;
if (var.isPrivate()) {
file. local (sym) ;

}

file. comm(sym, var.allocSize(), var.alignment());
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1 /o1 foreach /A HXS 2 NS AT Ty o ARAL PR A Ry AR I A, A2 R AR B4
f) symbol Xf4.,

A, WA var.isPrivate () HHE (HHZE staticZw), WIFHH local ikt
B . local 484, HUFFSAYAT WLMEASy LocAL,

e, A comm HEAR . comm 84>, AT S 5% A HER S

%% I, generateCommonSymbols JikaxA i Filgmftis,

.comm csym, 4, 4
.local scsym
.comm scsym, 4, 4

A bss TIORERUIN ERTR . XA TTEAY N AT R B TR, AR AR X AT
47 WERFTEREFHZE
BN KPR A R . rodata T generateReadOnlyDataSection Jiik, HACHL U AL

THHL18.8 IR
K758 18.8 generateReadOnlyDataSection 75i% ( sysdep/x86/CodeGenerator.java )

private void generateReadOnlyDataSection (AssemblyCode file,
ConstantTable constants) {
file. section(".rodata");
for (ConstantEntry ent : constants) ({
file.label (ent.symbol ()) ;
file. string(ent.value()) ;

}

HIEMA section Jiik, A .section #8584, {EHJFHHESXTLEH N . rodata 7.

A foreach 1HAXT 24 constants # 7 i, B —ABLF A7 w51 H

foreach WH/AJNFEH Label kX &5 | A5 7 % L, X ConstantEntry K
) symbol FikesRMIZEM . Leo XAEMIELLMAT . . LCO XFEMIAT5H locateSymbols
T T AL o X AR A TESS 21 BT IR

TR string Ik, A . string #8% . . string A EFF B &R R
AR, BT s .

.string "Hello, World!\n"
.string IR MSEUR 2 FAF R T, M CIHET —F, WLUMMAIEN “\n” “\t” M
“\077" HIHE LS
%i I, generateReadOnlyDataSection ke il FiC4ICHg,
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.section .rodata

.LCO:

.string "Hello, World!\n"
.LC1:

.string "Hello"
.LC2:

.string "World"

P STkl S
ﬂ o LERRREEL
e R . text 1) generateTextSection Jiik, generateTextSection J7
BARES AN ARSI B 18.9 .
K#DiEER 18.9 generateTextSection 77i% ( sysdep/x86/CodeGenerator.java )

private void generateTextSection (AssemblyCode file,
List<DefinedFunction> functions)

file._ text();

for (DefinedFunction func : functions) {
Symbol sym = globalSymbol (func.name()) ;
if (! func.isPrivate()) {

file. globl (sym) ;

}

file. type(sym, "@function");
file.label (sym) ;
compileFunctionBody (file, func) ;

file. size(sym, ".-" + sym.toSource());

}
B _text Jiik, Anl . text 484, 75 UIE T AR 01 g A QA AR i) BBl 25 PR AT

F| .text 1.

1 1] foreach 1IHAIX S48 functions YT 7.

TE foreach 1E/AJNTS, AL BL 4 R AR s it —AF, A: A PRE AL XTI Symbol X4, PRAL

oA A, DRI ER A3 R AR e A B A — 3K

TR, Wi func.isPrivate () K true (HHELZEREEE static), MMM globl
ik, R . globl 484, RSN WL E N GLOBAL, Bt —4, WA _type HEA
W . type 84, TS HI2EMIELE N FUNCTION, fJalif label JikE X 554 [F 41
5

W5, W compileFunctionBody Ak, HMREITS . REUKHIKEER . XA
BOALES 16 FHIFRL T, A FRIT,

B _size Jrik, A . size 8%, WHEREIIK/N,
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47/’ TR REAMTAE KN

.size BRI 2 NSEUE T T —Fh B 5 SRR R A AR KN . R R
T

£ generateTextSection JikMIE, FIUIXIN main pREL, SEMUTTRN . size 54

.size main, .-main

THEELS 2 M2 . -main, XHIUEILGIH F R RERBA, YT 7 iEmE
main [HME.

T RERARRINATS, FORITEIR S BSCE BT R N F L. R YL, DA EACE AT
T . size 184 P AITR IR —2,

.L_end of main:
.size main, .L_end of main - main

generateTextSection HFIEAEMAMCILH, . size 8OTERBUCIBLE AL, HIL «.”
T8 ] PRECR BB A AL . AL A B 2 main, WHEPREL main AR IGHAE, AT
S REL main RIS RN,

2INC KGR T A RE, WG VA 2 RN, I I T8 5. AT
AR BRSO, BT ORR T E Vil 4 R AR B NAES T (S5 locateSymbols J5ik) DU
KPAT as ap A THIE T o

W A Jr A8 i AE S | D7 T A EE JE OGRS SCHR B8 %, BRI CRNS 21 ik, kB A
PUT as IS, A —BIE T .
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& A B #R 30

A R T GNU as #EA TSR IPRI TR

as S EBEIRE

cbe AR as ar XTI gn SO 4015, VA as AT, B8 & ScH4, Ll
ff 1 -0 1B,

5| GNUAssembler %

THEPHHCID . T 2 i ) compiler 25 assemble JFEITFAVIE ., HAC
PSS 5 18.10 Js
RAGEE 18.10 Compiler ZHJ assemble 77i% ( compiler/Compiler.java )

public void assemble (String srcPath, String destPath,
Options opts) throws IPCException
opts.assembler (errorHandler)
.assemble (srcPath, destPath, opts.asOptions());
}

TSN options X R MH assembler Jrik, iRIT Assembler ¥4, Assembler J&4%
M2, HAUAR GNUAssembler %14, HAT cbe HEHF GNU L Gide, XA HEN THKAT
PSR AU i

SRIEXTHEIH) Assembler MR assemble J7ik, TFUARSHIFE,

57 iBE8 as &%
TR VH# aNUAssembler 25/ assemble ik, HACISAMCASTE M 18.11 PR,
KABEE 18.11 GNUAssembler 28f assemble 7% ( sysdep/GNUAssembler.java )

public void assemble (String srcPath, String destPath,
AssemblerOptions opts) throws IPCException
List<String> cmd = new ArrayList<Strings();
cmd.add ("as") ;

cmd.addAll (opts.args) ;
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cmd.add ("-o") ;

cmd.add (destPath) ;

cmd.add (srcPath) ;

CommandUtils.invoke (cmd, errorHandler, opts.verbose) ;

}

XATFEIEAE emd FAFRIIRPIAAMASITSE, B M commandutils 280 invoke
ITEAT cmd 2 XL as i

% 31T addall JikIE opts. args IEHEFRMNE] cmd 1, XH opts.args &M
cbe AT ITSBERIN T4 R 3, BN cbe F57€ -Wa, -L ZJEMYiET, N opts.args
AP ATFATER L, T -Wa XIS gee AB WA M, T IEASA B AL
R IUG B 250 T i

CommandUtils ZEH invoke FEfb/EH 2 FAMRAD, HFEZEEIHH Runtime
HI exec HFIBIT as Wl

static public void invoke (List<String> cmdArgs,
ErrorHandler errorHandler, boolean verbose) throws IPCException {

Process proc = Runtime.getRuntime () .exec (cmdArgs.toArray (- ))
proc.waitFor () ;
if (proc.exitvalue() != 0) {
// as MWHFERL ST, cbe BEREEIR
}

Runtime Y exec JEFELMH shell, FNATLUE PATH A8 i M an 2 IF AT,
I AT LAAR fay AR T — A S

DA T (a7 S b X S e B R AT T R . X0 B RORMERE , AN BA Ty A, Btk
AW B R Z M5 . FUANE 205 B eE il LA S0,

=B TR0, FATR I B A TR,



HESE I EE

REH#E build SRR —HEEAEE .




ATV build iSRRI ——8EE . HOR BB AIEAME S

AT T M)

BAVIREFE T AR B, X B LDCISE R 19.1 f main.c, fCIBEH 19200 £.c X
B C 15 ROV ST M
RHEEE 19.1 main.c

#include <stdio.hs>
extern int f(int n);

int
main (int argc, char **argv)

{
printf ("f£(5)=%d\n", £(5));
return 0;

}

RuEiFER 192 fc
int
f (int n)

{
}

main PR TIESCHF £ . c e L% £, At H main BREUETE main. ¢ TE
XY, AU R BCAAAE R B AR X main. o H. XK £ BRECETE £.c PiE XY, FrLA
R B APARAFR HAR SO £.0 o R, ZEIEHRAE AT HATSCM, e BymT $A T30 20
LS PIA BAR U NS o X R e s 4%

B BRI A SO, TERAT gec ARt b -c 330, 3] AYESR IS H BT build,

$ 1s
f.c main.c

$ gcc -c f.c
$ gcc -c main.c

return n * n;
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$ 1ls
f.c f.o main.c main.o — *HERT o X

AR T HER SO £.0 Fllmain. oo
R, dkgifdiH gee 8 B bR SCHA AT HA T SCF . B H AR SCTHE R gee 4>
SRR AT AT AT SO 5586, - o 3] DL4g e i b SCF 44 o

$ gcc main.o f.o -o prog
$ 1s

f.c f.o prog main.c main.o — /T prog Xt
$ ./prog
f(5)=25

DORERE AT LUERA AR B RT3 T S0 prog IEHUAT T

THh, BT HEXAEMH readelf -s @kt AT HUAT U prog A5 3R AT LU 3,
main BRECH £ BT RR T, BT LA prog X RIS T main. o fl £ .0 X
P SCIFI N ES

$ readelf -s prog

Symbol table '.dynsym' contains 5 entries:

Num : Value Size Type Bind Vis Ndx Name
0: 00000000 0 NOTYPE LOCAL DEFAULT UND
...... [t
Symbol table '.symtab' contains 84 entries:
Num: Value Size Type Bind Vis Ndx Name
0: 00000000 0 NOTYPE LOCAL DEFAULT UND
...... B
64: 08048390 12 FUNC GLOBAL DEFAULT 12 f
...... B
72: 08048354 59 FUNC GLOBAL DEFAULT 12 main
...... B

FRERFRR T PFEF GOl C IS EE Cr+ FEFER I 2 ST, PRI R T L2
(5 A A NI <0F 5 NS

[ gce #1 GNU Id

i gee MIBEZINRERT, goc BERF NFRHEST T A AREMIAL BRI ? SN - v 21T gcc ),
AT LAVEAN G A B AR . P IR v I ERE TR gec AR AR,

$ gcc -v main.o f.o -o prog

Using built-in specs.

Target: i486-linux-gnu

Configured with: ../src/configure -v --enable-languages=c,c++,fortran,objc,
obj-c++,treelang --prefix=/usr --enable-shared --with-system-zlib --libexecdir=/
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usr/lib --without-included-gettext --enable-threads=posix --enable-nls --program-
suffix=-4.1 --enable- cxa atexit --enable-clocale=gnu --enable-libstdcxx-debug
--enable-mpfr --with-tune=1686 --enable-checking=release i486-linux-gnu

Thread model: posix
gcc version 4.1.2 20061115 (prerelease) (Debian 4.1.1-21)
/usr/lib/gcc/i486-1linux-gnu/4.1.2/collect2 --eh-frame-hdr -m elf i386 -dynamic-
linker /lib/ld-linux.so.2 -o prog /usr/lib/gcc/i486-linux-gnu/4.1.2/../../../../
lib/crtl.o /usr/lib/gcc/i486-linux-gnu/4.1.2/../../../../lib/crti.o /usr/lib/gcc/
i486-1linux-gnu/4.1.2/crtbegin.o -L/usr/lib/gcc/i486-1linux-gnu/4.1.2 -L/usr/lib/gcc/
i486-linux-gnu/4.1.2 -L/usr/lib/gcc/i486-1linux-gnu/4.1.2/../../../../1ib -L/1ib/../
lib -L/usr/lib/../lib main.o f.o -lgcc --as-needed -lgcc s --no-as-needed -lc -lgcc
--as-needed -lgcc_s --no-as-needed /usr/lib/gcc/i486-linux-gnu/4.1.2/crtend.o /usr/
lib/gcc/i486-1inux-gnu/4.1.2/../../../../lib/crtn.o

ek RS gee AR BT build BRI, R H 0 gee INERAT AT 2 1S 5K.
X SEAEE AL, RIATE — T &G 17, ATUFERHITHMAE /usr/1ibexec/
gcc/i686-redhat-linux/4.4.7/collect2, collect2 J& gec Wi HAYM4, Ttk
HUihE . A WIFAZULH collect2 ARGMTHIREEEARAE, R FHHN a7 H
IRAbEE,

Linux P HRFTHFHEZMNRTE /usr/bin/1d, XMEFFRHN GNU Id, T PR, ML --help
PEIHIAT collect2 AT, filiiyiE /usr/bin/1d WHIIE R, XAHIZERH] T collect2
VAR /usr/bin/1d,

$ /usr/lib/gcc/i486-linux-gnu/4.1.2/collect2 --help
Usage: /usr/bin/ld [options] file...
Options:
-a KEYWORD Shared library control for HP/UX compatibility
-A ARCH, --architecture ARCH
Set architecture
-b TARGET, --format TARGET Specify target for following input files
-c FILE, --mri-script FILE Read MRI format linker script

(UTEE)

collect2 IERMIIHISE - -help IHTENITA M 21 T2EULS /usr/bin/1d KU T,

/usr/bin/1d Bl GNU Id, EHFITEEEEIEMRET, Bl —Meifr iS5 (linker ).
Linux Wi FHINEEEAS R GNU 1d. A0 OS SRS aY, PRl # i OS Rt R 24t
BEYN Microsoft 23 w4 link X MEIE#E Windows SDK i—#42 %17, Sun Microsystems 2
FIIAE Solaris R HHRAL T 1d 4. gee MUHTH GNU 1d, 3854 mlEE L ry ki
1M collect2 IE &k HAN [FEE4E g i FH Y £ AR 7 .

GEiEsEMBRYT (4
B e e an v DAAG B SCfAg
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BEREARER 1AL B g AR i H R SCPE LAY, i il AAR BEABAS B 2R SfF . 32 19.1
SEE T R ] DU PR SO
R 191 GHEESFNEAN. BHXH

gt il (-5 BEA RN EE
EEVRISE: ELF a TR
AT PATHF ELF (%) HEREEs
HEE ELF S0 HEEES
BAE UNIX ar a ar &%

Al EN SO AT T SO AR AR ELF SCHRR—Fh . DA FRSEMEAR, i
22K tar. cpio —REMIRYZE L.

T T A T A
ATEEAM

AIEEM X (relocatable file ) F§MSEI w4 BT HARSCOE, A2 A i Scrb i idi i
“HARSCPE”, HAE Linux FHSCHFRZ4 N .o,

GNU as A iy il E @ SO 7k, ISR EIEETT, RATERL A FEEEAT S5 H A AT
NS PR AR Z G A T T .
AT

ATHITLE (executable file ) $8 M EHEEEA AU FH P AT 3221709 BAR 0. Linux F A4
TR 4 . — M, AT SO R R R 2™ . —AE build BRSSP T
SCHFFAE A BE AR A

e

HEFEH (shared library ) JEEEFEA BN 75 — R0 BARSCHE, Hp 4G T4 Fh R %L
A A (A ) PR, AR ZE RS AR 5 oA B AR SO T . IR A ks
17o LR BZSEZE ( dynamic link library ),

Linux FIHEZEAFRHZFR—MLL 1ib L, Db sofENESA, I EAS . B
libc.so.6. libresolv.so.2 Gl N iX — il 44 i S04

DA 3 B BLF SO
RSB

bR 7 iR 3 # EPRSCIELAAN, Linux R A —Fr/EERZSEE (static library ) A SO AT DIEN
FEREARIE A . ML EE SO, WSS S T A MR AR () P
Linux FEFAESCHHIZIR—KLL 1ib 3k, LL . afENGZ 4%, 240 1ibc.a, libresolv.
a WA MG — 151 iy 44 B SCHF 44 o
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HSE SR ar fiv A2 AT HE SO TRLR— A, DR B R A P SO AT 2 T
PR PR n] B8 30 F
LA 3 b FARSCAF AN SO T AN B Feai i A el i it

3 PR

Linux NEITHRERHEEAE S RGN /1ib 8 /usr/1ib Fo FHAFAELAILAMEH
AR A R R

TS ERAE C EE (standard C library ), % 4 libc. 24 Linux 1Y libe 4& GNU [ libe,
FrLIFR A glibe, libe HELE T RIEEZEMRE, Mprintf. put. fgets i Ak %L
Flexit. malloc. strlend§, HAZLOHE/MEOASHHER C Biprh. WHUEUL, HECY IR
R ARBOARERE T libe MU0

libe MR ET, JEEERER /1ib/1ibe-X. Y. 2. s0 (X, Y. Z MUK ), FA R
/usr/lib/libc.as

HYE#t sin, pow Sz HANICRELHY libm, libm )& GNU libe f—5), (HZES
PFR libe 243 B Y. libm (3L /1ib/1ibm-X.Y. 2. s0, FHASHENE /usr/1ib/libm.a,

AN, AT AL AR Y E neurses, neurses B T vi N FHERF, i ncurses FERT LA
TEL i AT T2 A0 B4 1 SCAS, 7E4% Enter B4 AT REUZ Hifi AW A F4555 . ncurses AY2L=E
JFE R /1ib/libncurses.so.X.Y, BAENE /usr/1lib/libncurses.a.

e I

TEARN R R, BRI HEREAR RO | B Hh SCPF AR IO BEREE T /026 0 Linux T 1%
FEHILAT PiRh R

2. P N

X PR BE 4 10 g A — R
AR ATEE N SCIE . EASE SLE

JiE2Z R —A & LA (K 19.1) l l
Btz Sh, T LR £ A

i 5 i S0P By — AT R s

SO, IXORE B EE TR N BB 4y S B B 19.1 RIEWEH I EEEHIT A

( partial link ). HB7MHEHAIRT PR EEHAR L AT HIBURAXS B, BT LA A ]



192 Hag#E | 375

AR EAN DR A T AL B

‘*‘"”"' PEIZRTHITROML IR

T B PR E T T AR, riEeEEE (link ), F8MEEZA HnSUF
KN —A R, s SR 2 B AR SO, #nT AR R B F 224 H AR SCUF 8 LR R, PR
BT .

TEMH ] ELF #8200 Linux &, Fril B2 Bbs SR — AR, Bk AT E 40T
PITF9%.

1. 635%

2. BN

3. SR

HFEZZ G LIEM, BT A E 3SR, fERen il i TR 2 Hofb b B, B qn
TEA N ELF A& A ] P T SCRRT, T2 MR A A8 iR S M5 B At IHR BN, 53

BRI R CPE, PR AR TR 13 3
RT3 4.
[ &35

HAEVHR G IR . IEMIRATAESE 18 F R SR B RYARKE, 4 Fh F AR SO h A (A DL AS 1
1 . text . RMERRERNAEZSEN . data W5, EHEHEZA HF CURT, FHENSAH
PROCPFR AT, SEARIFRA S IFR R, WK 19.2 s, XBEE A,
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xR 1

9:

text

.data

AT

text

.data

X R X 2

9:

text

.data

74

B 192 AHT

BE(

PE VR T, BREAL (relocation ) FEHIEHURTLF SBRANELE P £7 RO HkE X F A%
S A BT I

ZNHTF, BOEIEA a.c. b.c. c.c X3P CIBEFHE XM, BINTEREMmE. L
i, HEHZ A B ] PAT MR FE— R C 1B S i b, BR 3 AN SCURAR & Ml ST 2 e il
TCZ IR, T DAAR B 2 (6] AN 18 Hoth B AR SO S22 N AE il , B bkt 2 i 15 AR
HATREAA . Bl a. c Al a. o IR, (BB ZR A IAEH DN 100 FFER B E, SR
BV EAREC A E T b.oli#H c.o BRHYS, XHFM 100 FFEGR N B RS FH T o Hofthh
At T AT TR RE R IR

s B BN T E AL, B, AR B a. o8 b.o B, fi LA A7
b, Hehndbhlk 100 25, ARJEHCAD . BEn9 07 B AR B E AT 100 A7 & AR, JF Hag
SAER—AN BAR SO R SOME ERS 18 B a0 (003 B B fERER: 3 A Bkt
I, ARSI B AR, AT (PR P M 7 A S T
Tk, X PR EE A

& 19.3 R T 3@ A IHES:
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100: movl

105: jmp .LO

100: push

103: mov

100: sub

107: movl

377

1121e L6

B

[

100: movl

VER

200: push

\
300: sub

105: jmp .LO 203: mov! 307: mov

21249.L5

1T
100: push

105: jmp .LO
200: push
203: mov
2124e.L5

300: sub

30;Jmov
19.3 EE{IHEEE
Wl a.o. b.o. c.o AR MHMEE 100 FFEE4: A H AR TR . BEEERT b . o 48 M 200

TP e o M 300 Pl B ERL, 3 FARSCPFM R P AE MO P, T L
2
[ msitng

W JE VHRAT ST RAH G INE . S iH#E (symbol resolution ) J&48 K T AJ LU FH HAD H Fr
SO RIZE ST b B AR ) 28 S Bl ek AR, U AR RN SR R4 A5 5 B 0 728 B B PR B SR
BEPEERMIRAE, 6 9 B C i A8 f g | I M AR OC N 2, 13X B AT LIEAT5 T A AR 4
TEAN[A] ) BRSO A 728 5 | T %

e, FATEAE main. c XA C il H B SCH P PR E C JFEHR LAY print £ PR AL,
printf BREUNE LFE C FESE (1ib.c) ™, PRULT B A PREIA D ST iR 3 R ke itk
Tkt T/E«ﬁ%’%TIE%ﬁﬁé%% RO HEATIC G424 F )5, print £ RREUHY BRBUA I A B BUS
Ko AHREHE, VCSdrssit XA BARSCAF T print £ eRECHY BRBUATE HoA H bR SC
ﬁ/\fa,u%mTﬂ%o XAME BUERE XS (undefined symbol ),
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TPk, TEMFATHEEERAE R IIGE, PR RAE AT, A SC Y78 B sl & pR A0 N A bk
BEHEER . XA R AT S T

PS5 T A E A R R R

B LRI print £ PREL, i main. c SR print £ PRACRIHBHEZRAIN, XA S
N print £ pREEL LI, AN call printf MLHIES o SRJG TEREFERT T
PRI A7 HHAE TE Dy IE R L

MXAS e ERRHhE, EREBRME R M IEa R P R e B E, IR
TH AR AS B AT L3 2o o o >R S B

SR UL, AR TR RS BRSO 3 S, R BRSO L | 2 Rk,
PATTTAE AT AT SO A BRI B4
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9 AR

ARG U B S R R SRR 0 5]

TR %
TSRS, AR THA — R R FH A EHE (HAb) FP R, A

TP s T I AR KA

FAS A build, @%%ﬁﬁld*“%ﬁﬁ%* 11 BRSSO BERE , LS EAE build 1
IMEA AT BAR SO ez, e AR A L R S 0E B AEFE, TERT B T A FE N AE I
SR+ E AR SO

Hrbr, 7E build BF4ERE BARSCIFRBE ARV ERR D BRASHERE (static link ), MI7EFRFHA T 4
2 H AR SO R BB E R A B 258548 (dynamic link ), 385 SR IR0 2 A gesE, it
ZPENE SR, JIob, SAEEREIRI A AT N SO, XSSO S P TS RERE

SIS AR Z, Linux B R AR B LA AL S PR RN S S48 4% . gee R WNIL, A
I I T S T ah A4, IS PR (A s e e s O R A

H S HHZR =

BhSHEEES FEA LT 3 4,

1. BB

2. DA RG]

3. TERE

G, WATEhAEEEE T DR s T R R AR I R e, RS
JEESCAARRIVAT o 17 S e A 2 DU 5 AT A B 1R AS R B0 SO R A T A B, 3R A
R AR, SO CRAR R, RS 5 B A T AR o T B

HyR, SIS T DI A 2s 18], BEREE A PERT, AR T A N 2K o 2 ) 3
AT SO, TR R — e T F S 0 SR R A — I S R R A . T AN
SR T BB BARSCHFER, AN 2R A [R) IS A7 A 22403 A T s B 425 [RT 7R 9% o
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e, MHSARERE T LI A WA SRR RAER AR | text R HEEIXEL, Wit
mmap R G AHESZ R SCFN B INERBINAFS , 23R n] I — A A D, Wit i,
RV PR I PR AR IR 3 T 24, e RS R— a1 2 28 i A7 DX

[ shaSsisatites

TN, SRS A LU A

1. MREREZE

2. EEEARHE M

S—mi, MFESEET, WESBSEENS, MHISEEN R P RS M 2E — . —k
TERR P AT I A TRE RV E TS B S — i BUINHIA), ORES 21 T2 r i ifift it Mok JE S RAS 1 FhA T
S SN TR . AR, PUTERE T R R EE N ST 5%

B, WS ShASEE, A S bR vT L B e i L eRE R R, 26
AT, ISR SO e AR I BN AR B LD LIBRARY PATH, ARAFEFAESITRI RS
PAeki® LD LIBRARY PATH, MiAE /1ib Ml /usr/lib, Xt FEH M HZE AT LIE libe,
libm S FERR AN A CMER AP . W2, 7€ Linux L HEhREEHEMEOLT . A T fesEsE
AN JF AR AR B 4 1) AR ol PR

MR, X — SRR AT . Uil LD LIBRARY PATH 0] LIAFXS 75 fif i3]
A HbRE C R malloc pREL. 34b, FIFHIX—sid nl LIAR 7 B H ok libe pRECGR N I
PP AR ER , A TR PG TEN H AR5, XA A o RE T HAN A,

[P shasstiERG)

T ARFN 1B 2K A T Bl S R AR A 1

BT Sl R . X LA A DA R R AT Y main . ¢ Al £ . oo ROIRFRATESEIR
FRRGFN libe BY5 1 FHITEMbHA T3 A6 . HikE main. c il £.c, XTEEN ORI libe #7857
BRI TR 7R

$ gcc -c main.c
$ gcc -c f.c
$ gcc main.o f.o -lc -o prog

XASATSE -1 RKHE . gee BY - 1 BBIIAT LI BEHAR E R . - 1xex IXFERIEIRIR 3)
BHEHEITRR 1ibxx . so J, HAHEIEER libxx. a B, AL, ShARHEER IR R AT
libxx.so, WEHAKR libxx.a, WERSFERRIME] T, W2 AShBE T SHEHE .

BRI E AR A, WL R 1dd fir .
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$ 1ldd prog
linux-gate.so.l => (0xffffe000)
libc.so.6 => /lib/tls/i686/cmov/libc.so.6 (0xb7e86000)
/1lib/1d-1linux.so0.2 (0xb7£fbf000)

1dd & FiixkEst 1ibe.so.6 => ..., WHRFEXA sl THL5 % 1ibe . so. 6.

/4 z ﬁ?u&ﬁ‘ﬁﬂ?ﬂ
T REHSEN., WK, gee i/ -static BRI AT U TR SR

$ gcc -static main.o f.o -1lc -o prog
XHE—%, main.o. f£.o LI} libe.a Mo aEis, MR I OCHE M —A~ 30
X ERASHE S B ST 1dd fr 4 el IS 5B

$ 1dd prog
not a dynamic executable

/

BEN, PUAT £ile MABHASHI AT statically linked MEE, HEIAT LIS T
TER AR

$ file prog
prog: ELF 32-bit LSB executable, Intel 80386, version 1 (SYSV), for GNU/Linux
2.4.1, statically linked, for GNU/Linux 2.4.1, not stripped

JE3: Do YU

Hgee F5E - 1 BETIKERIERT, BB RIE gec NEWKREE, ERRZEER, Al
DI gee TN b -v SEIEHAT, MEIHEY collect2 WM FTS a4k - L k0, %
FLMPATIEE R, BREEEMMELSL, —GIF 3 k2.

-L/usr/lib/gcc/i486-1inux-gnu/4.1.2
-L/usr/1lib
-L/1ib

X 3R BOAR R AR S, B8, /usr/lib/gec/ . . . J& gec HINERIE . A
fgAs, HP A eE A gec WIRERBFEN Libgee 530 AN, collect2 Iﬁ:ﬂjf
XA T .

QIR T LR AR Z AN b B, AT LA i DL AR — P i

1. AEFM -1 %0, MR gec IERENTERER
2.4 gcc 5 -L L.Iﬁ, A& e BRI RN RN RERR
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1 MITEILE S, THEUHR—TH 2. gee AU “-L XA R#BRT HISH
Ja, EASAFRFEEAEPIRINE T goc MAREAR, AR5 FAEXA SRS PRER -1 50
TRERE .

-L R LIEE 2, IR 2 M E R R ERAe, WURESRE -L %0,

TR R A R T
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AR PRI gee AR UM

T SEUH i A RS AR T

M ar S T UEBEESRE . ar frSBIRER tar 0L, A BEAZ .

B ar ar S E AR, T EMR T XS E o, v s BRI, TR AR MUY RS S
%, VLRARR A B2 A3

$ ar crs libmy.a f.o0 g.o h.o

RAERL AT LUERAL S £.0. g.o. h.oiX 3 NEENMCHFRFFSE 1libny . a. HHf, &4
RIS AN 19.2 FiR .

£ 19.2 ar < HIEDT

EI aX

c WREFETFE, NelE
r REZEVAIE S

s E IR R RS

RYE OS IARIE, ar s ATEEMIE ] ranlib A2 &K 5|, {H Linux IEHT, KR
ar iAW s WL AT LA RG], FTLAATE EEIMIT ranlib s, #4b, BMEAA R
5, EASEWATLIER TAE,

Linux =R ESE

TEPHR A LS 2 B 7 ik, EIRATIE R T i — T Linux N IS A RRA S B 51k
N T IEZANRA R ILEEERAE, Linux A JLAILZ R 44 M),
#19.3 HEEgGZMAN

(UES ERE eS| Al

S AP lib X X X .s0.A.B.C libz.s0.1.2.3
soname e lib X X X .s0.A libz.s0.1
FEREES A HEfzes lib X X X .so libz.so
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SEAA TR B T AT AR i i 44 . AR DR TE 1ib x x x . so BEERf [ | 3
PRRASS, AT LUZ 2 A .

soname J& Il 2% #%F 76 0 £ F2 7 B8 7Ry & 3k = AR A A 4 T B Ok Ul ek 2 TR
libx x x .so HYFER FNE 1 AZRRAS . soname YRRA T W5E 2 1 £,

G R EAR AR RS (1a) TR TREHAR E R R EE M I 48 . BEIEAR 24 I0A IR
ENE

T H PSR RS R SO SR 44, - H oA EE L)L soname S HEERS 44 1 44 AT 5
RS

4L, soname B . so JEAIIA T & ABI ( Application Binary Interface ) fiA5., T EH
FERE DG, HIIUA S — & L FOR B ARAS R Tl ABT 2R TENL AR5 )2 M PR IR 9 7T ¢
LR A

FIANE DT, QRIS T 2A R S B EBEE MR T 5T A R, I8 A A
A P28 B R PP AT AT REJCVA IE W TAF . XA OCHAR A “ABI BeAT rI R L o 12 ABT 30 AT A%
PR OL S, MG ABI MUAS, soname AR RIMRAS WA Z G, 53—, Haf
I R AR OL T, i A R FE R R T AT LU 21, IrLA ABI 75 2L, soname .70
i

AN, Linux FOUAPAT IS L2 PR ARG SRS, fIndas 2 X = PR A A5 8 S G2 A7 A o
XNGAF IR /ete/1d. so. cache, ERFRAILZ R, — & LR PG4 A
B /etc/1d. so.cache XHFELIEH AABRIIT L1dconfig s,

[ Emst=r
PERSESEA JUANERE L, HP ARSI LT 2 4

1. 00 F -£PICIEINRFHLZ TG R4

2. AR HZ AN, f0E -wl D U A soname

51 SR - £PTC RIURAE S hE TE AR I, btk TGS ARAD 14 1 FH AT LA A
M R, FEAE L R LR T B o Ml TE AR D TR LA 21 %6,

55 2 SRR SCHR B B R FE S N FH soname AR TR, BRI H soname FERBEIEH TAE,
R TP RRAR G 3, i 2 A N AL N soname.,

BT A 1A 2 e, 58, Ik - £pTC VRIS g id = Pa & i B A RS

$ gcc -c -fPIC f.c
$ gcc -c -fPIC g.c
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T2k, Nk -shared. -Wl fl -soname iEWHAT gec as, AEMILEE

$ gcc -shared -W1l,-soname,libfg.so.l f.o g.o -o libfg.so.1l
$ file libfg.so.1l

libfg.so.1l: ELF 32-bit LSB shared object, Intel 80386, version 1 (SYSV), not stripped

AR T — SR HUT £ile ap ] LI A S0 2 shared object.,

18, -static WHHTH/RIATHSHEEE:, 1M - shared WM T4HE /8 A48 L2
XA IR P SCR AT i X1

THEMIH -Wl, -soname, 1ibfg.so0.1, B, -Wl1ETH F M a8 (1d iy
L) BB S BB RS Z ALE S0, JF B EAHZ A 25k, WatEid, -wl,
-soname, 1ibfg.so.1 WEEE NEEELIN L -soname fl 1ibfg.so.1 FIPSH, XFEHE
A DI AEEEZE R ] soname.

SRIGN readelf AL -d BEI, 0T LAHHIAN HIY soname.

$ readelf -d libfg.so.l

Dynamic section at offset 0x548 contains 21 entries:

Tag Type Name/Value

0x00000001 (NEEDED) Shared library: [libc.so.6]
0x0000000e (SONAME) Library soname: [libfg.so.1]
0x0000000c (INIT) 0x38c

[ stz mpt=rE

TR AR B A, AL TR

B, ATk gee By -1 BEIAERL, Wﬁ%ﬁ —ANBEREAR A, AR Y * . so SXFERIATF
SHEE

TN, MR gec MERIAMG RS ET, HILFFE I L -1 . SO0 YR T
ML

SRR R

$ 1n -s libfg.so.1l libfg.so «— AEReERERS A
$ gcc -c main.c
$ gcc -L. main.o -1lfg -lc -o prog-shared — ik -1n. %M

FEN, B T RGN T T E A, IR BN T S BT A AN
PATH R R AT . AR B 0 A A e = PR B S a AR P, AR T e, sEEREL
JEAEEAS /LD LIBRARY PATHIRAEN “.7. WilEUL, PUTHIMARNA T iR,

$ LD LIBRARY PATH=. ./prog-shared
£(5)=25
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R, PR A R SR R, S SR R N AR S, W DU B R AT
ldconfig find, WINmR,

# ldconfig # FETERR

TR R R A I BRI S S R GBI A
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$#20%E MEEF

n#k ELF Eg

AR ELF BEAYNAGE REFIA R B AR A

FIF mmap EE5EEEHH T

Linux &% Fifiid mmap RGBT . mmap B0 SO B2 N £ 25
P RGIA . Bl BT, BREUE T DL A A AR SN A, T LU
FEXT AN A AR T

TR AT SO B N AT ) mmap RV . mmap 5008 0 pREk AL 4
TR,

#include <sys/mman.h>

void *mmap (void *start, size t length, int prot, int flags,
int fd, off t offset);

mmap SNBSS RV start MRV KE N length FTRINAEAS ] [, Migme
SR NAFE BRSO SE RIS . SO R S £ F5 2 0sci, RS of fset TG, K
1 length =17 AUHRSY o

mmap F4E A F AR [RE R S PRS2 8 P9 A7 25 TR R A bk o PAAF S5 TE 2 D £ ] o i
MAP FAILED,

TSR PEIA 2 mmap HISHL

AT 4 MSEATEE N MAP_FIXED WIEM T, % 1 M8 start AAHH R, —
BEAE L F mmap REVHEATEE MAP FIXED, TS 1 28 start BN 0, AL
PR N AE ik o 3, R (8 IS O ZBTHE SO LS B 1 N At L, PRIE T 24
7€ MAP_FIXED bpii, 25 1R # M start,

%5 3 NS prot EFRVE B BERA A2 R Ui @ PR . AT AR 20.1
— AN ME I LARR AT Y OR 48 5 IAradifE .
F 201 FIUIEEHE 3 NS prot BIFRE

FRA& aX
PROT_NONE TR PIIEE N F=(E
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(88)
IREH aX
PROT_READ e N TR = (B ik
PROT_WRITE EEMAFEZETE
PROT_EXEC feRE N F = B £ RED el 4T

AR 20.2 TR —A s ZAME T LR AL OR $55E NS 4 NS4 £1ags MlRdME. J)
Hh, bR {EAZf0 4% MAP_ SHARED Ml MAP_PRIVATE Z H1AY—4>,

202 TILMEEHRE 4 NBH flags HIRRSHRE

REH aX
MAP_FIXED FEREMEE 1 DS start 5 UMb FFAGBRES, WR BIRAFSEMNELRHFNAEEEESR,

DU B9 BR 59K 78 25 B Y BR 5

MAP_SHARED BT XHNAF=EFREMHERIAT, 58T XMREE, MRBRE T XHHNAFEEL
ATE, TEERBELEIXHP

MAP_PRIVATE R T XHNAF=EANEMMHERSE, BETXMrEE, BRETXHNAFZERE
MABREEL R, THNHEMERLS

MAP_ANONY - | BRXHEASTMITHANATRE, FEETXMEEGE, ¥ 5 PMSH dFE 6 S8 offset i
MOUS BB

S mmap RS L ELF SCPFR AT, Bt a®) m e .

RIS

1F Linux T, #3#H Proc X ESE ( /proc), HtA] LAFRRIEFEFIH mmap 585 A SC
PR R N A S (R B IR ANZIRE, TR E — A 48 o e i f P e

WRETR, FIH cat d it /proc/ #H#2 ID/maps SIS, #EAT AR R A0
SR A AR B

$ cat /proc/4437/maps

08048000-08049000 r-xp 00000000 08:01 130567 /tmp/showmap
08049000-0804a000 rwxp 00000000 08:01 130567 /tmp/showmap
0804a000-0806b000 rwxp 08042000 00:00 O [heap]

b7e34000-b7e35000 rwxp b7e34000 00:00 0

b7e35000-b7£5c000 r-xp 00000000 08:01 2497754 /1lib/tls/i686/cmov/1libc-2.3.6.80
b7£5c000-b7£61000 r-xp 00127000 08:01 2497754 /1lib/tls/1686/cmov/1ibc-2.3.6.s0
b7£61000-b7£63000 rwxp 0012c000 08:01 2497754 /1lib/tls/1686/cmov/1libc-2.3.6.s0
b7£63000-b7£66000 rwxp b7£63000 00:00 0

b7£6a000-b7£6d000 rwxp b7£6a000 00:00 0

b7£64000-b7£6e000 r-xp b7£64000 00:00 0 [vdso]

b7£6e000-b7£83000 r-xp 00000000 08:01 2482360 /1ib/1d-2.3.6.s0
b7£83000-b7£85000 rwxp 00014000 08:01 2482360 /1lib/1d-2.3.6.s0
bfc30000-bfc46000 rwxp bfc30000 00:00 O [stack]

PLER—A] sleep sEURIR Y Ch BFPAT IR BIA N AT . o th M ZEfE4 70
B NAFHAESER (16 SERIEGERR ). NAFER U5 ALR B | X SCrF R s i . e S
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RN I DO DIVA S € AN 11 TN o 2/ SR el A i el I 1 S D VA € A 34
ikE—T,

HoE, PWAEHhEE DR 16 #EHRIBOR RN NAE2S A1 TS F T vikibhik . 41 08048000-
08049000 FEAYHLE “Hidthhl ox08048000 FHhl 0x080490007,

R, RIS TR mmap RGO . A i b ] LA 2]
/tmp/showmap (F£F) Ml /1lib/tls/1686/cmov/libc-2.3.6.s0 (libc) HAPGLMLETT

SRR N AF S A Y e P

RESamEN

/proc/ i ID/maps A H, ST r-xp TR A RE—NLARZ R N AF2S [R5 R)
@, IFH mmap RGTHHEE 3 NS5 prot X, HHPEANFRRI S LN 20.3 FiRs

*20.3 HNFEEEREMNE

fi 7 ax
1 r M 172 8] ok
- A= BT 5
2 w AERETS
- AEFEZEARTS
3 X A7 E th B RAGET T
- AfF=E BRI HIT
4 s AEZEFEMHREILS (F/H MAP_SHARED frEBE )
P AfF= B H SR RERE ({8 MAP_PRIVATE fRi&ts )

AT, DA AT, I . text WX NAEZS MBS, WL
ARG, AR AR RO R P DR IS HLA S, FEmidepy b TS SRS U BEEA T

T35k, DIAEALAR R A28 [ H O rT AT, Rl il T2 a0 iy % g, REHARTTSR
PAEHLEARBLE N AT 10 PO IERYLESAR AT, FU B 28 T LA PR e B T 71
R TS, IR AT LSSty 1

ELF BMMAREEsa

X HLFLA N — IR BN EE A0 ELF SCHRIFE R k. it readelf -1 nl iR F k.
ik B R AU/ tp / showmap iy FFEF L AN TR o

$ readelf -1 /tmp/showmap

Elf file type is EXEC (Executable file)
Entry point 0x8048350
There are 7 program headers, starting at offset 52
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Program Headers:

Type Offset VirtAddr PhysAddr FileSiz MemSiz Flg Align
PHDR 0x000034 0x08048034 0x08048034 0x000e0 0x000e0 R E 0x4
INTERP 0x000114 0x08048114 0x08048114 0x00013 0x00013 R 0x1
[Requesting program interpreter: /lib/ld-linux.so.2]
LOAD 0x000000 0x08048000 0x08048000 0x004b0 0x004b0 R E 0x1000
LOAD 0x0004b0 0x080494b0 0x080494b0 0x000f4 0x000f4 RW 0x1000
DYNAMIC 0x0004b0 0x080494b0 0x080494b0 0x000c8 0x000c8 RW 0x4
NOTE 0x000128 0x08048128 0x08048128 0x00020 0x00020 R 0x4
GNU_STACK 0x000000 0x00000000 0x00000000 0x00000 0x00000 RWE 0x4

Section to Segment mapping:
Segment Sections...

00

01 .interp

02 .interp .note.ABI-tag .hash .dynsym .dynstr .gnu.version .gnu.
version r .rel.dyn .rel.plt .init .plt .text .fini .rodata

03 .dynamic .got .got.plt .data

04 .dynamic

05 .note.ABI-tag

06

AR, X4 ELF 3@ X T M Type i PHDR [KEEE] Type H GNU_STACK [1BHE 74,

Hrr, Type & LOAD MEHLE mmap R INEMB . N iRkt AT LU 2], XA

BYAE /tmp/showmap SCAFHE LT 02, 03 XA, JfHE— LS . text 17, .rodata 17
M .data T4,

FAN, Virtaddr FRERRBARILE S N, Mems iz #2AY(EF RIS B ERE A
KN, Of Eset FAMMEZE/R ELF UM BIIRAS i, Filesiz #MMEHA R ELF SN B
BRI, W2, ELF U A of fset JFIARY FileSiz 1A SO BBl Bl e ) 5]
T HudE virtaddr R K/INHK MemSiz MIPIAEZS I, SXASXER E R AN 20.1 Fizs o

FIRIA R INAFBLES A EL , / tmp / showmap WL N AF2S (RGPS 4, JF HEL Ak
KNI EIR Type i LOAD B & JLTP-—3L,

ZF DAL . KN LT —E, MRS 2R mmap RGBS L |
RNARANHAE 23 (6] F4 PN A 0 1% . 7E48E ] ELF #9386 F A4 Linux 1, PWAETIHIR/N N 4 KB,
AL b Bt 5 281 bk R AR/ VR 2302 4 KB I ASER

DA, 2R S B e B 3 5 N A7 HLHE vireAddr RS 4 KB A58, b2l ol e
VirtAddr /MY 4 KB AP R —A>, THERB B NFF RN FileSiz A& 4 KB 1Y
55, RSP Filesiz KW 4 KB MRECT /N —A . XS S , Begi )i i
FEHLHE RN AR 1 T 4 KB 54K
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AL 1
-- Offset
ho#k B AR .
NS FileSiz
VirtAddr --+-
_ IE=4=E 7S
MemSiz AR

B 20.1 ELF BN NERERIXTR X R

#1 ELF S Rd A RS

WRETATIAR, ELF SCEFrP A SCARR) BE AR S8 i mmap RGE WA MR . Ak, #ERAN
a3 B P A AEASHT ELF SCEER R AR 4Y o X FERNAF2S I LA R 3 Fl,
1. 70 bss F B XN Y22 A

2. Hlastk
3. i

I A7 S TR A2 7E ELF SO U . AR S ASCIERY T, Ll L bss
ﬁf ELF IfﬁFﬂP BRI A A/NYAS . bss T #E ELF SCHEMIEHE SN (Filesiz) KO,
1Bﬁﬂﬁ¥'“7\ﬂ?): WEHTH MemSiz K/NWNAEZS B, IXFE AT A PAESS [ AR B SO i

, BT ELGE A 7RISR mmap ARG ISR HIE
Eﬁ ZRHBLER AR N A2 A Linux WARZERRP S S50 BC . Linux EH#ERRAUPLARER 239
T B 7 P Aotk 2 ] ) A R BRI o
53 XA (heap ) BT HATHS AT LIS A9 EE 25 0], % malloc pREUH
TN, /proc/ #18 ID/maps fiili 1 heap #/rF/R SIS, HEEH S BiAE
TR P WSt B PR A2 [ R 5 T
W XTI TG brk XD RGEMAREL . CHEFWEFEMH malloc RELH
TENFERT, libe 23 A BN brk REEIH AR HIEHER IAETER], I MHER A B HIE A7
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AL U SE GNU libe B93E, FH malloc Hi—& KN BN (2.7 BRARHERIE 128
KB VI L) B, ANETHH brk REEM, 14 AL H mmap RETH R HIENAEZS 0],

ELF SZ{4hn#kagscin

PRI R 20.1 BTz A% BT B 5 RS PR N4 ELF SCPFAYpREL, AR IX BU U TE A DAL P
SEANT LA ANE BRI AT AR A S U A AU s T LS ELF SCHInE T .
KEBFEL 201 fngk ELF TR R

#define ELF EXEC PAGESIZE 4096
#define PAGEMASK (~(ELF_EXEC PAGESIZE - 1))
#define EXTEND (addr) (((addr) + (ELF EXEC PAGESIZE - 1)) & PAGEMASK)

static void*
load_elf segments(char *path)
{

E1£32_ Ehdr eh;

int f£d4, 1i;

if ((fd = open(path, O_RDWR)) < 0) syserr ("open");
if (read(fd, &eh, sizeof (E1f32 Ehdr)) < 0) syserr("read(Ehdr)");
if (lseek(fd, eh.e phoff, SEEK SET) < 0) syserr("lseek");
for (i = 0; i < eh.e phnum; i++) {
E1£32_Phdr ph;
if (read(fd, &ph, eh.e phentsize) < 0) syserr("read(Phdr)");

if (ph.p type == PT LOAD) {
void *s beg = (void*) (ph.p_vaddr & PAGEMASK) ;
void *s_end = (void*)EXTEND (ph.p vaddr + ph.p filesz);
void *z _end = (void*)EXTEND (ph.p vaddr + ph.p memsz) ;

int prot = PROT READ | PROT WRITE | PROT EXEC;
int flags = MAP_FIXED | MAP PRIVATE;
off t offset = ph.p offset & PAGEMASK;
void *addr = mmap(s_beg, s end - s _beg, prot, flags, fd, offset);
if (addr == MAP_FAILED) syserr("mmap") ;
if (z_end > s_end) {

addr = mmap(s_end, z end - s_end, prot,

flags | MAP ANONYMOUS, 0, 0);
if (addr == MAP_FAILED) syserr("mmap (zero page)");

}
}

close (fd) ;
return (void*)eh.e_ entry;

T3Ab, AARAE XA B ECR AR IE R ELF SCMF, mmap RG0IA MR 4. ROl o
WO RE FF AR 2 R B Al — Ak, B DU ARAR e B FE e AR B i) BORIB AR R Y B 2
WG B[R — BN Ar2sa) b PtL, STk BepR 04 ELF UM, s A0 EEAT Ik ) e e
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A BORIBOIN AR AR e A B Nt bl 88 . BB 5 7E 1a i BAiNE -Ttext Ml -Tbss B
AR 13— Ao

VDSO =i

NSCE

4

RIE Linux IR ARE, BE /proc/ #3E ID/maps WHH £ H vdso XN AERE,
VDSO 72 Virtual Dynamic Shared Object 45, £ Linux N B st ARE=E,

7E x86 2R, R#E CPU MAE, RIEMARFEAFEOLEERE, HtAZ EE—ERE
TEH CPU R RGIEANRE, HENTHBEESELSSIHEEHR, XTAZK DESHR
BEAFEEERLZE VDSO,
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AP S S HEH AT IR ST UGB A main pREAE PR R

RNASSEIE NN 28

P T ELF ST mEr i, BBA R R RUE” gk T ELF U, BARSCRRRD
FARIA], IM#K ELF U FR AR . 87 B R Ge Az, SLme e i s BE e gk as n 2k

BASHEREMEEY (dynamic linker / loader ) JEF8 MR I-4E 42 5 B HEH R P AR B I B 152
IR, REBITEITIRESMREIT . Linux W HWISEEEMELSE /1ib/1d-1inux.
s0.2, IABEHMAARAEFA 1d. so, FJLLET man 1d. so ik B Bhv .

i ELF X R G, F2F I ELF SCHFR) INTERP Beis B48 E sh B N 348 1 A%
RGENEAE R SR EEA INTERP BINES, Mmingk . By,

ATE L, SIASEERE A N SR MAES is R AR I TE B

RN A vy
T A T M 1d.s0 HEE TRV B T 56 O3

R

. JBEh1d.so
EARFE
FFSEMAEEN
1tk
CBEEIRRRAO
TR IR

B RGENZINERR T 1d.so, MERIHETTIREZ G2 H 1d.so A3, SERUH 3 1d.so #
I RGN AL I S EG TR L

A5 R P 1Y) DYNAMIC B, JNARATA nI AT SO L2 R . W E gomaiy He = e
PATIRIRERAL IR, 358 05 i Jin 4 B A L =2

— EUMERSE IR EN I, D IR R RS T AR, JEE U,

~N OO oA W0N -
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BCRERRSE A TR SR 4 A ZEBUT T4 SO PRI RI R P AR , BREERIRF AL,
BORERLR B TR, 7 CIBR AT, WALEMIT T madin BECIYREE.

BERIITEEIR, BRSSO A AL, S AR i R SR

FHiLl Hello, World! AN, K IEATE T BIFHITIISA M EL

B Bzh1d.so

OSSR T B R B 4, execve RGEMHIE, RENESILERIFES RN, I
T INTERP B, INTERP BO/Z . interp TXTINAYEL, . interp TWYNASHLE ShASHER:
INARAR AR

f£ readelf 4 LN b -1 wkemihi A7 3k (5 8., SErTLAE S| INTERP BN

$ readelf -1 hello

Elf file type is EXEC (Executable file)
Entry point 0x80482b0
There are 7 program headers, starting at offset 52

Program Headers:

Type Offset VirtAddr PhysAddr FileSiz MemSiz Flg Align

PHDR 0x000034 0x08048034 0x08048034 0x000e0 0x000e0 R E 0x4

INTERP 0x000114 0x08048114 0x08048114 0x00013 0x00013 R 0x1
[Requesting program interpreter: /lib/ld-linux.so.2]

LOAD 0x000000 0x08048000 0x08048000 0x0049c 0x0049c R E 0x1000

LOAD 0x00049c 0x0804949c 0x0804949c 0x00104 0x00108 RW 0x1000

BB 3 472 INTERP Bei N %S, AT DLAE 1, ARRP M sh S8 M2 /1ib/
1d-linux.so.2, RHENEZS /1ib/1d-1inux.so.2 B RINFEd, JREARIS A D,

Zj]*ﬁ?ﬁﬁ[lﬁ%%ﬁ’]/\UWIB@E@J*&%M@%A‘%E’J ELF L5 B T mik3kiTh
readelf i -h %I, KE/R /1ib/1d-1linux.so.2 B ELF k¥, W R.

$ readelf -h /lib/ld-linux.so.2
ELF Header:

Magic: 7f 45 4c 46 01 01 01 00 00 00O 00 00 00 00 00 00
Class: ELF32

Data: 2's complement, little endian
Version: 1 (current)

OS/ABI: UNIX - System V

ABI Version: 0

Type: DYN (Shared object file)
Machine: Intel 80386

Version: 0x1

Entry point address: 0x7b0

Start of program headers: 52 (bytes into file)

BIBCE 2 47 BR A HhE R 0x700, 1d.so FACRESACIE R A Hihil | o
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RARRIERNEE
RGN s sEE NG B I N E R .

. RITSEA L (arge)
LB ITSEL argv )
METE (envp)
. ELF 89 AUX X & (auxv)
XL BARCETENLE AR T, AL BRI RS 45 1d.so A, HRARZS MR 202 i, H4h, #)
URALIT esp AAATAR4E AR Sk okl , RILHbdE o (sesp) WIMERIE arge.

0(%esp)

A WO N -

argc

argv[0]

argv[1]

NULL

envp(0]

envp([1]

NULL

auxv|[0]

auxv[1]

& 20.2 Id.so BEIFTEIRRIRES

AUX &8

AUX &= (auxiliary vector ) AL IHEE . EREFIRTLE RSN, /e E 1D
SHOW_AUXV MBI i shah AL M2 5, " LALE d.so il il AUX K. T IIRA TR ]
XAIIHER H AUX KRENE

$ LD SHOW AUXV=1 ./hello
AT SYSINFO: 0xb7£3b400

AT SYSINFO EHDR: Oxffffe000
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AT HWCAP:

fpu vme de pse tsc msr pae mce cx8 apic sep mtrr pge mca cmov

pat pse36 clflush dts acpi mmx fxsr sse sse2 ss

AT PAGESZ:
AT CLKTCK:
AT PHDR:
AT PHENT:
AT PHNUM:
AT BASE:
AT FLAGS:
AT ENTRY:
AT UID:
AT EUID:
AT GID:
AT EGID:
AT SECURE:

AT PLATFORM:

4096

100
0x8048034
32

7
0xb7£3c000
0x0
0x80482b0
1000

1000

1000

1000

0

i686

1E AUX Rirp, FR0H B9 SN 20.4 s
#* 204 AUX XEMIRE

2R e

AT_HWCAP CPU MThEE, ZWWREHF "fpu”, MERRAEZIAHZHELT
AT_PAGESZ | REETUA/N

AT_PHDR 2 Fr 8072 Fr kit aa it

AT_PHENT T2 TR T LR/

AT_PHNUM | I2FB9RERF L

AT_ENTRY 2R BN O B it

AR F I ELF Sk E AW RS NME, LA Me B amEHhs AUX K& &, %A
BT 1d.so 2 A ELF 3k,

[ A

HEE

1d.so 52 H B RIERALIS . AR ShSBEEALFR, FHEALFRFEF /) DYNAMIC B,
K readelf iy L -d W5, #inl i ELF SCFR) DYNAMIC B, FHFZITREE
hello F&JFH) DYNAMIC B E..

$ readelf -d hello

Dynamic section at offset 0x4b0 contains 20 entries:

Tag
0x00000001
0x0000000c
0x0000000d
0x00000004
0x00000005
0x00000006
0x0000000a

Type Name/Value

(NEEDED) Shared library: [libc.so.6]
(INIT) 0x8048254

(FINI) 0x8048464

(HASH) 0x8048148

(STRTAB) 0x80481c0

(SYMTAB) 0x8048170

(

STRSZ) 74 (bytes)
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0x0000000b (SYMENT) 16 (bytes)
0x00000015 (DEBUG) 0x0
0x00000003 (PLTGOT) 0x804957c
0x00000002 (PLTRELSZ) 24 (bytes)
0x00000014 (PLTREL) REL
0x00000017 (JMPREL) 0x804823c
0x00000011 (REL) 0x8048234
0x00000012 (RELSZ) 8 (bytes)
0x00000013 (RELENT) 8 (bytes)
ox6ffffffe (VERNEED) 0x8048214
ox6fffffff (VERNEEDNUM) 1
0x6ffffff0 (VERSYM) 0x804820a
0x00000000 (NULL) 0x0

ld.so FJCHfiIN Type FHU{E N NEEDED AUA T, Type £ NEEDED FJA Fl i R P4k
YL ZEFERY soname., 1dd fip4 F/R 1 E 44 Fll DYNAMIC Bt NEEDED A H—3(,

1d.so 5 MR Y5 soname HRIFFE . B F LD DEBUG WHE N FAFH “libs” HafEF
Jei, ATLA Y 1d.so SR AERE R, AR R

$ LD DEBUG=1libs ./hello

4790: find library=libc.so.6 [0]; searching
4790: search cache=/etc/1d.so.cache
4790: trying file=/1ib/tls/i686/cmov/libc.so.6
4790:
4790:
4790: calling init: /lib/tls/i686/cmov/libc.so.6
4790 :
4790 :
4790: initialize program: ./hello

(A& )

TUEFES, XREMNGEGF Y /Jete/1d.so.cache T3k T /1ib/tls/1686/cmov/
libc.so. 6o XANIRFEE G N RMILIARY libe,

BB RS, A LR 7L (mmap KRG ) XS PEBU BN AET

WA NS LR DYNAMI C BOh A AR IN# ) NEEDED A F A5 U M s ix
AP AR libe BAKAEMA L, R i s HA libe BN T,

SRR E

I P TR SE T, T R RE AN T A S Y o R T R AT S TN, R e
A%, B LD DEBUG WHE NFMFH “reloc” JHSIFEF)G, #tnl LI 1d.so B EE
PR, WTFFR.

$ LD DEBUG=reloc ./hello
4799 :

4799: relocation processing: /lib/tls/i686/cmov/libc.so.6 (lazy)
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4799:

4799: relocation processing: ./hello (lazy)

4799:

4799: relocation processing: /lib/ld-linux.so.2

4799:

4799: calling init: /lib/tls/i686/cmov/libc.so.6
(AR ERE )

BRI PETFUGHR U 647 H e 6, B Ja X RE Iy H BT E e L, 734h, (lazy) FR
IR T O AT 5 R AR 5 — R R . X — s RS 21 SRR

S I PRA T R S B N A O AR S, BRI SR i 2 (AR ) 23 7E Je i apt i)
FESE R R . An SR e R A AR ) s b AN BE ST e, IR Al X BoRAS A A AN g
SEIE BN, DA DS WS 1 PR B H e U 1467 7 2 £

7, JEHASEAS R LD DEBUG W N symbols, bindings, ] LAZER H A R AT R
TS HAH SR, R,

$ LD DEBUG=reloc,libs, symbols,bindings ./hello 2>&1 H -n50

4830: find library=libc.so.6 [0]; searching

4830: search cache=/etc/1d.so.cache

4830: trying file=/1ib/tls/i686/cmov/libc.s0.6

4830:

4830:

4830: relocation processing: /lib/tls/i686/cmov/libc.so.6 (lazy)

4830: symbol=_res; lookup in file=./hello

4830: symbol=_res; lookup in file=/1ib/tls/i1686/cmov/libc.so.6

4830: binding file /lib/tls/i686/cmov/libc.so0.6 to /lib/tls/i686/cmov/
libc.so.6: normal symbol ° res' [GLIBC_2.0]

4830: symbol=_I0 file close; lookup in file=./hello

4830: symbol= IO file close; lookup in file=/lib/tls/i686/cmov/libc.so.6

4830: binding file /lib/tls/i686/cmov/libc.so0.6 to /lib/tls/i686/cmov/
libc.so.6: normal symbol ° IO file close' [GLIBC_2.0]

4830: symbol=_morecore; lookup in file=./hello

4830: symbol=_morecore; lookup in file=/lib/tls/i686/cmov/libc.so.6

4830: binding file /lib/tls/i686/cmov/1libc.s0.6 to /lib/tls/i686/cmov/
libc.so.6: normal symbol ~ morecore' [GLIBC 2.0]
(F&8)

M AT LIERIFFS res fl_I0 file close.  morecore MYIHfffE

= B THIAACT

2ot PR, BIPBATIIES TAERC 28 T . 8 FREPATHA ELF U IR
WIRAACES

WILHALACHSTE ELF SCPFE) . init TH .init array *ﬁtlﬂ cinit HRAEREICES,
Il .init_array TRAEMNLEH TR REFEE513R . 5 . init TR ALm
& (crtbegin.o, JFi&) PEEHTI.
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[ iz iz
WIAILSERZIG, BEERRIFWAL, JHAIETRIT . AUX ZREITRFA O AL, B

I 1d.so A LLZEATEE ELF Sk 15O F BUS X #dik . R i3 Tt i ELF SkSRAfA— F X4
il

$ readelf -h hello
ELF Header:

Magic: 7f 45 4c 46 01 01 01 00 00 00 00 OO 00 00 00 0O

Class: ELF32

Data: 2's complement, little endian

Version: 1 (current)

OS/ABI: UNIX - System V

ABI Version: 0

Type: EXEC (Executable file)

Machine: Intel 80386

Version: 0x1

Entry point address: 0x80482b0

Start of program headers: 52 (bytes into file)

(&8 )

ALUEF], hello FEFHIAL N 0x80482b0, TEFRATHE I RILHKE B X M BEH T4

FERIACES

RiC% (disassemble ) AR MBLAIIKE 2N gAY . Linux F{FH] binutils £
objdump A EL AT LU — D FEF . WA, A objdump frdkf I - d st n] LI 2
7 HEAT R4

$ objdump -d hello
hello: file format elf32-i386
Disassembly of section .init:

Disassembly of section .text:

080482b0 < start>:

80482b0: 31 ed xXOor %ebp, $ebp
80482b2: Se pop esi

80482b3: 89 el mov %esp, $ecx
80482b5: 83 e4 foO and SOxEfffffff0, $esp
80482b8: 50 push $eax

M TR, EMADRHNE FE X T start X5, WabZUl, FEFIA DL

& _start PREL.
CIEFETBROERT M main RETFHHAT, HIBR FRIFEVIEN _start BRECFHRIITHY.
_start PREH libc #2HEHY /usr/1ib/crtl.o SMHE X, crtl. o XA CHTEGIERTEBRINGE
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. _start RESAIIRML libe, ZJATHM main PR 4% PR main B SBEAIT.

Y #hiTe1E4b i

RN main BREGR I, $:45 1d.so SHATL I EERARAS . TGRS (indic Y
M .init_array 17, MNHL, LR  fini A1 . fini array 1. . fini PIPRAFIE
LRI TRACRS, 1 . £ini array TGRAASEFRZE R BT 0 pRECFE £ 9136

BIFPATE RS, 1dso M exit REFHLIEHFE, exit RGEMHAFEIE 1Y
exit BB, CHEFEFIHM exit RGNS, BTRE _exit K%L

_exit PREHAT libe A IEALEMACHY (. £ini WM . £fini array 17) J5, T exit

RGPS, 1 exit REMASHGIZOEAIE, 7 RIZE R,

DL ESER 1d.so T A AL B 72

B 1d.so BRI TE

ARG, HRFINZEILAXT Id.so BIiaF74A R RS AR B A8 B I8 A Sl L i 1o
ld.so i}, AJEAKS%

% 20.5 Id.so RFIMIMETE (glibc2.7)

NETEZ ax

LD_AUDIT EENAF LB HZEEEIREN BIRXHE

LD_BIND_NOT B F |d.so WS ER

LD_BIND_NOW T FERFGSER, EHRFTBISERIEES

LD_DEBUG TIRRIRE. o BNEREIFR 20.6 Frw

LD_DEBUG_OUTPUT ﬁlmc. B B AR

LD_DYNAMIC_WEAK Id.so #{THRFSSE RS thiE F weak 55

LD_HWCAP_MASK FEENE L Z ERE ARG

LD_LIBRARY_PATH /\_—%JZEB%’*%:WI AES45%, thn “path:path:path” )

LD_ORIGIN_PATH E rpath B RR ZHEHI A ESR 5 S SORIGIN 89{E

LD_PRELOAD ? 0 NEEDED A\ O XS 0 HE

LD_POINTER_GUARD FrE s X A REUEH BRI P ThaE, 0 REXMA, BRSNS
B

LD_SHOW_AUXV R FHRN TR AUX XE

LD_TRACE_PRELINKING | &t gt seidie

LD_TRACE_LOADED_OB- | FRMEHHHEZE, A0 1dd thH—3

JECTS

LD_VERBOSE FEEEZEFHRIH LS HREAE

LD_WARN FTREENES, 15 kﬁk?%?w NP RN EES

Hrbr, P58 LD DEBUG AJ LR MEANER 20.6 i, MAZAE, HiZ550E,



20.2 zhisEEEITRE
%*20.6 IEFT=E LD_DEBUG AIIAEEME
FRE ax
libs RAHRLAZFEEXHER
reloc RREEMMBRNER
files REHZENLER
symbols RNFSRIEBRIEEXNEL
bindings ERERBEBRTSHEMBXNEER
versions RTRFSRAEXRNER
all 5 “libs,reloc,files,symbols,bindings,versions” —%
statistics RREEMNGITER
unused KR ERANEZE

help

#7~ LD_DEBUG =[5 E WS EHB RN FBNE B

403



AR ERE PR TI HEAT AT SRR “Shas e

Y FriszhzsHn:

EhASMEL (dynamic load ) $8METEREFB TN & A FRIEAT IR . sS4
LW TR R (plugin ). Linux P dlopen () sREHEFTEIA N

%' Linux FRIZHZINE
Linux N dlopen HCER API &I TahAmaR, HMAREALIT 314,
® dlopen(3)
® disym(3)
@ diclose(3)
FRAGT 20 20.2 B g dlopen P EREHY Cb FEFEHIHI T,
REDEH 20.2 (FRAZZMEE A printf 89 CbF2F ( dynhello.cb)

import dlfcn;

typedef int (char *, ...)* printf t;

int

main (int argc, char** argv)

{
void* 1lib = dlopen("libc.so.6", RTLD_LAZY) ;
printf t £ = dlsym(lib, "printf");
f("Hello, World!\n");
dlclose (1lib) ;
return O0;

PN R ZHG 00 T INg G 2 — a0, BRI R, FriAH dlclose PRELAYHHLLL
ﬁﬁgo
WTFER, A cbe A4 LI%iiF dynhello. cb,



203 zAEm#E | 405

$ cbc dynhello.cb -1d1

-1d1 FEAYREREREATHE A2 dl B, Linux R IFSEXMNERAE T dlopen S80S, DRI AN 2
Bahs Nz, e dlE,

IS IE=7: 02T

NI AP dlopen PRELAYSZIL,

SIS IF Bl — A T 1d.so, MRTRNZIE 1d.so BRSIKIRAE B 1E AT
Lo I RFFVEHAAET 1d.so (98, winl LAERRT T IR T )5 WRBHEA T sl s 0 b 2

7 20.7 IR A glibe BIEACASH dlopen BRAIH K. ANt X IFA RSB FHIEL, 1
e HEUC T Horp 57 FE AR R, I BN B T RN AR
# 20.7 dlopen F#rYiE A E

B R # 1iRA

difcn/dlopen.c dlopen REEmEAFED

dlfcn/dlopen.c __dlopen

dlfcn/dlopen.c _dlopen_doit

elf/dl-open.c dl_open hE B ARSI, BRI RAFISIA
elf/dl-open.c dl_open_worker

elf/dl-load.c _dl_map_object BR &Y ELF XXH89ER

elf/dl-load.c _dl_map_object_from_fd FIF mmap M EFTFF IS BR ST ER

/5 _dl_map_object_from_f£d H/ESLPr{H] mmap RGEIHINZ R pREL InZkm)
JBE 1Y) ELF 3k F1 DYNAMIC BN ARBIRAAAE 1ink_map Z5H0KN, £ FER 1ink_map 51k
HERTLIfE4 RS rt1d _global () dl_ns MBI, HEEEICH S, P8 41 ns
BRI — 2 dH oL Z215A], LAl GL (d1_ns) . dlopen PREGRIIN void* FERIAYEH
18 struct link map AYFE%T

FAh, struct link map 7F include/link.h fl elf/1link.h PISCHARHRERA E X,
A EER R B —3. include/link.h J& glibc WHEMEHRAS, Hl kL ok,
e FEARA IS AT A2 53X S S



GNU Id fh5E#E

YERSERR cbe MUBEREINREMIME S T4, X EeH#— F BB H GNU 1d 888 Hbr SCLFr)
Fi,
B BBF cbc B9 1d SEIRAEEH

TR TR gee ] - v EIURE T gee WERHATRI AT BT, ATTERATHERA
Tif—T o Hgee ML -v BIHATHELN collect2 AT HIZEIN T FR o

/usr/lib/gcc/1486-1inux-gnu/4.1.2/collect2 \
--eh-frame-hdr \
-m elf i386 \
-dynamic-linker /lib/ld-linux.so.2 \
-o prog \
/usr/lib/gcc/i486-1linux-gnu/4.1.2/../../../../1lib/crtl.o \
/usr/lib/gcc/i486-1linux-gnu/4.1.2/../../../../1lib/crti.o \
/usr/lib/gcc/1486-1inux-gnu/4.1.2/crtbegin.o \
-L/usr/lib/gcc/i486-1linux-gnu/4.1.2 \
-L/usr/lib/gcc/i486-1linux-gnu/4.1.2 \
-L/usr/lib/gcc/i486-1linux-gnu/4.1.2/../../../../1lib \
-L/1lib/../1ib \
-L/usr/1lib/../1ib \
main.o f.o \
-lgcc --as-needed -lgcc_s --no-as-needed \
-1lc \
-lgcc --as-needed -lgcc_ s --no-as-needed \
/usr/lib/gcc/1486-1inux-gnu/4.1.2/crtend.o \
/usr/lib/gcc/i486-1linux-gnu/4.1.2/../../../../1lib/crtn.o

R T HEsE e, bR R S RSN T AT . N IRIRATMNER gee FEAT IS BRI
LS,

BHG, BT collect2 fird g gec HMBEIESS, LRI LI#AY, /usr/bin/1d,

HIK, --eh-frame-hdr EIZFRATE C++ S/, 1 cbe AL SR, Wb ATE
BRI

-m elf_i3se JEHIKAEE KL HAR CIFs Ry, HAEEM el 1386 1% GNU Id
PERIAAE 3k, AT DA

Max B it—T, BFEHB TPIKRA -1gce --as-needed:- PR, XA
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Y libgee F& gee HRALAYM I pRECSEIE, XF cbe 5 BEEVERT, DRIFRATT U i 55 X A~ e 10,
WA FIEERE gee BHIROE, R4 -L/usr/lib/gcc/i486-1linux-gnu/4.1.2 tWARFFE,
WIE, o/ /007 MR E AR DT RS, PRI TR 2L LT IS O

Gb, R 2R E B - IR e, PR ESE R -L W, &5, -L/1ib

A -L/usr/1lib J& 1d BRIAERK RIS, Hitdn] LIA#E
Zi b, AT LK B AT T A

/usr/bin/1d \
-dynamic-linker /lib/ld-linux.so.2 \
-o prog \
/usr/lib/crtl.o \
/usr/lib/crti.o \
/usr/lib/gcc/i486-1linux-gnu/4.1.2/crtbegin.o \
main.o f£.o \
-1lc \
/usr/lib/gcc/i486-1linux-gnu/4.1.2/crtend.o \
/usr/lib/crtn.o

H o

LG S0P crt ~ XRERSCHHER £, crt /& C runtime BBSE , crt~ XAER SCOFARE
5 CHEF BT Z R A B AR B H bR S

XHH, /usr/1lib N crt~ J& glibc 3CMF, /usr/lib/gcc FIY crt~ WJE gec BT
fFo 208 LS T CB THSCFRIER

% 20.8 CizfTR>XHHEAR

X% R’EH 1EF

crtl.0 libc *F arge #0 argv #FTHIM8 1L, EX T _start K%L
crti.o libc BeEE .init 7, #47 libc 891481k

crtn.o libc BeEZ| fini 1, #1T libc B IEAIR

crtbegin.o gce & C++ MiE R F constructor B4 A5 %L
crtend.o gce & C++ TR EEFE destructor BRI REL

Ch H A i pR B WA TR 8, IR gee $2MEAY crtbegin. o fll crtend. o RS
N

Flpe Rk, JATCEMIBE T HTA cbe AFESE T HEREEHE T a1 S8 EE
PIT—T,

$ /usr/bin/1d \
-dynamic-linker /lib/ld-linux.so.2 \
-o prog \
/usr/lib/crtl.o \
/usr/lib/crti.o \
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main.o f.o -lc \
/usr/lib/crtn.o

$ ./prog
£(5)=25

BOLRE, EIER AR ] LUE R sl

LR ETHT S

— R, A TR Cb FRFIL S5 A R 7 SRR R A T S0 T SCF, AT IS T T — A
i 1d 4.

$ /usr/bin/ld \
-dynamic-linker /lib/ld-linux.so.2 \

/usr/lib/crtl.o \
/usr/lib/crti.o \
-LIETEEGSITHIEENSE
LTS HEEEERN BRI\

-1lc \

-1lcbec \

/usr/lib/crtn.o \

-o XA

HEBXEIN ET -1cbe BB, libcbe J& cbe $RALMFHAEE, LH T 16 P b m
alloca HR%L, I H AL &AW AR K B S A5 Tl i R %k

AN, -dynamic-linker /lib/ld-linux.so.2 J&TRENSEMNZLED, X H

MRS WIMAZ . interp T,

H =R

TRk, TR Ch RIS 5 A5 2 A B E O SO R AE L2 2, FRATE 1a 5%, AN
TR,

$ /usr/bin/1d \
-shared \

/usr/lib/crti.o \

-L EIMEEGTITHIEENSHE N\
BRITSEIEENBIRH\

-1lc \

-lcbec \

/usr/lib/crtn.o \

-0 X &

A A VA B AT BT SO a2 3 AN

1.iEA07T -shared I
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2. %57 -dynamic-linker /lib/ld-linux.so.2 #EIn
3. Ak /usr/lib/crtl.o

1d 2 -shared WA gee 1 - shared W EASE S —8, B4 W= 2E, w—
E EEC X
4N, -dynamic-linker /lib/ld-linux.so.2 XPETFILEERPAZEDLTTN .
R R IR — 7, TN BRR AR 2 s AR 2k 2%
B A AL BT 285 crtl. o0 crtl.o 2R RaS, FfA A DRl
EIEEA KR
— B TR RN L 2 O R BV A ik JE AR



& R IETEXRACED

REFHFUL TR ABAIERAZ, FEcbe
FRSEINAE Pl TEXAUABRITRE, X cbe HART
BRITHREHERSLIL T o
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ik Jo X455

AT U AN S EE O R B n i JEA RS O AR DG 7

HA ST HD

Mt FE X E (Position Independent Code, PIC ) FHATZTCISINAR R Hidik, HATT EH
SENAREEIET TR, LS —E B R JE e, X — R E T, BTNt
PR B MR IO OGRS, S T SR AL

FATHERS 20 B4R B L PR mmap RGETIAEMZ. MR mmap RGIAHIEH T
MAP_PRIVATE PRk fingk, AR HEWEMNATTNEANET, 2t — AW,

M= N AE GRS IR 21,1 Fis . S W B hE 23 6] A B — AN N A7 s ) e 31 224
HERE, AT LASERR R AR — AN NS [

2 #o1 ik == (8] IR 2 8] X
A #tF2
N >’:
B #tfz

B 211 #HERFR

Aid, TERXFERIRIE T, Ut R ERR IS B A N BB S B R T ISR A i
212 R, WARMEREER T NAFNE, WA B, X Rk ARSI R A T

ISR AR TS T T 2 i e iE JE static R, ek EEEM, EEM—H
KA, AR E ARG, SEUGERSIEE N WA R A A B AL, R4
LN EE e P T .
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JE S 2 ) IR = (8] X
AR
B itiz

B 212 AEEETERLERELE

— BB NS, NI R R SGR S ROREEAR, P = P g AU A
SR AT RE A B I DA S R A

2BREE (GOT)

BEA B TC RS, DA . SRR AR R I, RSN R B IR

Je N ) 4 SRy AR s B AR A U o 30 % )7 ) 4 JRy A o e 2 A Al L 3 f A 2 A 46 5 sk 4R
i, A ARASE 4% bk A TR el A F “HBhETESE” AT, DRI — g AT X b ik A A AR X
Hitik o

T LMl —Fh 4 h 2 BRFE 3R (Global Offset Table, GOT) FU45H ., GOT 245 147
AR FR AT BB, B WIS NS E], ShASEER MR A MR L N 28 . bk TE oAt
Tt 38 i XA~ GOT Hh sz Hbtrk 7 A 3 btk DG 1

$KEY GOT ittt

FETH GOT BB, SCHERE AR GOT H Skl RS2 GOT A5 1y Hbht &4
XTHhE, IS 2EASREME R TC O, ik, H ELF (% 1A-32 1 R G0 h &l 4 Fp I i i 4G hs
SRFEL GOT k.

XA goe TN, goe P HERIREL GOT Huhk iSRS AN~ i .

call __1i686.get_pc_thunk.bx
addl $_GLOBAL_OFFSET TABLE , %ebx
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__1686.get_pc_thunk.bx:
movl (%$esp), %ebx
TEIE

B, Wi ie86.get pc thunk.bx PREL, F—A> addl ArAHihERCH 3
ebx T ffAwo

call AN —Ar A b AR, JERMEE RIS e hrE . I, 78 call 84 PUT/E, Ak
TRAYMEIC, ST ISR call w25 M2 Bk

BETFRI—FT P T GLOBAL OFFSET TABLE X/MERINAFS, 8 GOT RyHLhL iz
ebx TR,

_GLOBAL_OFFSET_TABLE %/~ GOT FULTFERYTE A Huhik A RS i, 1E3RATZS &
213 kE—T,

B call __i686.get_pc_thunk.bx
@ %ebx-1-

addl $_GLOBAL_OFFSET_TABLE_, %ebx

(2$_GLOBAL_OFFSET_TABLE_

GOT gyttt =D + @ GOT

E 21.3 GOT #yihitFn GLOBAL_OFFSET_TABLE

WA BAR SRR A —1 GOT, JFAERETE . got 1. WFF L . text A .got TIWHE
B EEER, PRI n] IESEERT (build i) 115 GLOBAL OFFSET TABLE HY{H.

WitEii, 7EM  i686.get pc thunk.bx FREUREIN, addl iy (4axf) sk
FEAE ebx 2717 asd, NI GLOBAL OFFSET TABLE £FS5HL Al LATE#] GOT Ml addl s>
ZIE R B

Motk T AT rh g — > R B  ELAd ] B IAMCASAR 3] GOT pyMhk, Jfh GOT 153 128 £ Y
Hodlk o

{EF GOT HthhipiaeaTs

BT ORVHAME ] GOT Vil 4 B i 7 i
B, UilHERETEOCHY 4R AR T ARSI T R . AP stdout MIMEIEA T eax %
s
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movl stdout, %eax

Fy—J7 0, Uik ICOCH) 4 R 2 RS AN R frs . X YR E 22t BRI GOT
AT ebx Zifrd .

movl stdout@GOT (%ebx) , %eax
movl (%eax), %eax

stdout@GOT H' @GOT EHih LA L HRIFT, Fn stdout XN GOT AHTE
GOT WM it . X AP S AERE R S A, IR RTH 2 BARM(E,

A FRAB ebx FAFEEHELIEAT GOT fHihl, FrLI7E GOT il $ebx AYHELRN
b GOT NEF% it stdoutecoT, #iAILAFH] GOT AHM{E. GOT A HM{E W24 RAs
HAGHHE, PRSI XA L, St AT RIS E 4 R A

[ s5iaERR GOT HhtyST RSt BT E

WK GOT #3342 R i itk i 7 i vl LUE T T AT 2R i, A, ansRie
[l — SO E RS RS, IBAAUAUR AL Sk, A8 A B nl LIys R 2],

AL R AT L5 TR ik TE A RS S 42 R R i gvar BUE. X AR ebx F AR
HEARAFE T GOT HyHhk.

movl gvar@GOTOFF (%$ebx), %eax

gvar@GOTOFF 1) @GOTOFF 75 %K /RmM GOT F| 4 Jm s S SR mfs it . XM 5478
R

AN, XA EVI R AR A —ETE GOT L, X B 1 3RBOH: 4%t suhl i 5 7
T—F GOT MyHuht i

[ igigstiEs (PLT)

FE T RSN RS o] 3 FH M hE T OCA RS

Linux 24 7 A& H bR S, T —F AT LA Z 8 GOT W sRBUR Y 5 i——id 2
$%5#ER (Procedure Linkage Table, PLT ), Ajd PLT —fitt GOT A O%Z, HIL&RIFEIR
a4 (lazy initialization ), WLV, AMTPRECEE — U HIZREUIN , ZeRECA S 9REE

PLT AR AT s o

PLT[O0]:
pushl GOT [1]
jmp GOT [2]
PLT[1]:
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jmp GOT [m+1]
pushl ANDHREE
jmp PLT[0]
..... B

PLT [n] :
jmp GOT [m+n]
pushl ADOWRBEE
jmp PLT[0]

PLT [n+1] :
jmp GOT [m+n+1]
pushl AND R =
jmp PLT[0]

A PLT [n] #8AY/2 PLT M58 n A H . GOT [0] FnIjE GOT H PR 4 F45 11
i, GOT[1] F/Rmyie4 Nk 4 F A,

AR print £ BRECT AT PLT BA DN PLT [n] o XAFUREAA print £ pREL, NIA
2R print £ RECR S, MBS PLT [n] BRASH

PLT MALHE A T Bk 02 s, MIXS bR AR, RN G 21.4 R E—T,

PLTIOI:

pushl GOTI[1]

jmp GOTI2]

PLTIn]:

imp GOT[m+n] FIF Id.so K

pushl AO R E

j PLTIO )
jmp PLTIO] @

AR SR R 1A

B 21.4 PLT By3=#limse ( 584%mT)

BEFE5) PLT [n] AUMCAS)E, BEICHATAY R jmp GOT [m+nl, WHLENE:F| PLT [n] XM
) GOT AT EA7RY k. “PLT [n] XFRAY GOT AL HREZER AL BRI PLT [n] U5

44584, B push ¥4 09tk . AT push #84, % Jup 8O SWIIT, JHBkEE R
PLT[O],

PLT [0] "THE GOT W26 2 MEEER, FIHEHUT Jmp F84 K S| coT [2], WHtE GOT 4
3 AL RAER L, GOT [2] B THAT Id.so BEHERY REIAE 5T . XU T 1d.so Y pR
B NPERER print £ S5 RAUAG AL, U ELIE A HBIEEE B GOT [m+n] [,
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BOXHER T GOT [m+n] ZJm, & PRBEEZ B AAZANIE 21.5 Frs ke

PLTIOI:

pushl GOTI[1]

jmp GOTI[2]

PLTInI:
(// jmp GOTIm+n] 2 AT Id.so SEEEEN RS

pushl AO RS

jmp PLTIO]

©)

) e \\\ SN B
©)
215 PLT BYI=HIRE (5855 )

i AR BWTE SE IO IR B 2, 2Rk A —Ik.

ﬂmyﬂﬁﬁipLTUKE]
BN Gmis 5 RS2 i PLT AR, nl IZEsREUAT 5 )5 | epLT, WIRFTR,

call printf@PLT

print f@PLT &JEJT PLT PAFH) print £ BRELA D FIAHXTHbE 5. A1 GOT —4E,
— N EBR XN —A~ PLT, M . text 193] PLT AYAHXS Hhk b2 /e BEZ I IA 1Y
PLT WYZSHAAXS LA 2%, A PLT B4 CRS BRI A 25 ) 26 e

ot TR BT HIT S : PIE

PEAT )G, TR — T btk TG m] $U T S0

FriE e T X BIRT 4T 3C 4 ( Position Independent Executable, PIE), JiigE SC, F81JEfH
FHHHETC AR T HA T S0 kTG, Fr LA AT DI kBT 2 bk .

LW gee A2B% PIE B, TF2E T FXFEM I - £PTE BEW T401¢, Jn L -pie HEIIEAT
HERE

$ gcc -c -fPIE hello.c
$ gcc -pie hello.o -o pie-hello
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cbe ST T JLF-—FEMBES, Pt [RIRE iT LA B PIE,

P I B AR 18 B ik TG S AR A A i R L S B A A =2, {H PIE A—#¥, PIE
1) B bR A5 25 i bk B A — R, ok S e A

FAL L, HRE R O I SRR AR 24 0 E A A A AR AR AR U g AR . A
PIE ] DAHASRF AR g 2 B BEH LA ik b, AR R 7 (0 28 4k

PIE 114 S BRI 58 1) ik TC SRS LT —FE . Uiln) &R A8 il F GOT, i FH 42 =) R Bt
i PLT, Rad, fEVIM A —A SO E L& RAE e, TR RS R, #H
@GOTOFF f4-5 H A% VIn SLi4

FAN, #EFE PIE TN /usr/bin/1d Ml I -pie 330, XAEDUELHH T4 5% PIE
SO

W, WE crel. o SUEAEHINETCCH), S TSP RARIETCOC, 2 crel. o
i1 PIE L FHRSCIF. X4~ PIE £ I crtl. o MISUF4 N Scrtl. o,

T ATEAE cbe Hr S AE Bl TE A RS I T RE

¢
¢

4 GOT SEAKEMRiE GOT
/1,

GOT AREFRIGHIRH 7T U T XM, BEFEERLFEMNEM, GOT #8684 PLT £HK®
#ig5t, HEE printf. fputs FMEFANRFHNIEH, HFERTEMN, RitRBIEFPF
B E GOT i E—F, BN EFAERERER TR &, XHENEFERA GOT S
ANIL# ( GOT overwrite attack )o

APElE GOT S AMH, TRURAE GOT ®E AN R BN A, LWERRDBREE: BUE Id.so
T GOT MZERM 161k, ERFTBHITIERFERS, HiT mprotect RGIFAMIC GOT AT
TERBEATT S,

B 1d5S KM E -2 combreloc -z now -z relroiEIiol 4R HEE GOT, cbe f#
A --readonly-got I/ WL FIRETIE % 1d <, EEEH, KRITUK—,



AR R PSR ey A2 5 | 4 Ry A i Y s G SR A R

$KEY GOT fitht

B, AT AR T ARSI E GOT ik, cbe SR AT gee [RIRE 1 5 125 0k 3R B
GOT Muht, KHBLSekEWMMER ~ i686.get pc thunk.bx PREL

Al i686.get pc thunk.bx PREIIASTE CodeGenerator 2K generateAssemblyCode
TENARRE, XER USRS R 211 R
RiEE8 21.1 generateAssemblyCode 75K ( sysdep/x86/CodeGenerator.java )

if (ir.isCommonSymbolDefined()) {
generateCommonSymbols (file, ir.definedCommonSymbols()) ;

}

if (options.isPositionIndependent ()) {
PICThunk (file, GOTBaseReg()) ;

}

return file;

CAVFANE CodeGenerator KIS 1, LEFRATFEiA—F kB R ., CodeGenerator
B A O ERECH generate ¥, WX HEHEIIM ik generateAssemblyCode Hi,

XH A options.isPositionIndependent () J7iEFE cbe ¥8E T -fPIC ¥ -fPIE
PRI 23R Al t rue, W options.isPositionIndependent () J& true, AW L
A R TR . XS PICThunk Jrik, EILGSCAREAEM  i686.get pc
thunk.bx i, PICThunk JIEHNBEHHH coTBaseReg () Ml bx () E—FERY, WillEik
BAULERIR ebx FAEAFIIL AT

PICThunk B

PR SR YH# A AR A 1 SRS PTCThunk 7%, PICThunk J7 ki1 CHS QA C AL i i
21.2 iR
RE37FE 21.2 PICThunk 7% ( sysdep/x86/CodeGenerator.java )

private void PICThunk (AssemblyCode file, Register reg) (
Symbol sym = PICThunkSymbol (reg) ;
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file. section(".text" + "." + sym.toSource(),
"\"" + PICThunkSectionFlags + "\"",
SectionType bits, // This section contains data
sym.toSource (), // The name of section group
Linkage_ linkonce) ; // Only 1 copy should be generated

file. globl (sym) ;
file. hidden (sym) ;
file._ type (sym, SymbolType function) ;
file.label (sym) ;
file.mov(mem(sp()), reg); // fetch saved EIP to the GOT base register
file.ret () ;

}

H /S PICThunkSymbol J7 i ARBREAT 5 X W Y Symbol %4, PICThunkSymbol
FERACIS I PR, BN i686.get pc thunk.bx XFERIFFS .
KEFER 21.3 PICThunkSymbol 77i% ( sysdep/x86/CodeGenerator.java )

private Symbol PICThunkSymbol (Register reg) {
return new NamedSymbol (" i686.get pc thunk." + reg.baseName()) ;

}
HEEWHN _section A _hidden JIEEAE, KEBEALMAICHMAI, WHFR.

.globl _ _i686.get_pc_thunk.bx

.type __1i686.get_pc_thunk.bx, @function
__1686.get_pc_ thunk.bx:

movl (%esp), %ebx

ret

WE B, MR IR IRRE, RO R RIS ik (eip TFAEERAUME ) 1Y

[ msES@IeERTNENE

M _section JiEMl _hidden FIEMHSY.

T, _section FIEMTAM . section thHHAE. WElEul, Pkl HArY ELF 75,
PICThunk AWM . section PHRAMEMT R IR . PAREK R BRX BT 7T, T3
AL 1T

.section .text. i686.get pc thunk.bx, "axG", \
@progbits, i686.get pc thunk.bx, comdat

XA . section IHRMERIZSE S ANk 21.1 PR,

B LERENTRZRE S, (HEHGRAER, AMEZRAER THFR __iese.get_pc_
thunk . bx FREL, RAMNERCAHd AR E B, . section DhH#R/ER HFRIER X B
RIBFEE BN,  i686.get pc thunk.bx RETER—H L - £PIC WEI4HIF
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BSOS, B DA JS 0 B AR SO 2 2 S BRI N 25 R pR Bl X S RS £
4309, LA ELE A93hEE BB —r R,
#21.1 .section thigIEHIS %

S aX
"axG" a . BEHEAE
X . AT
G.ZPHERTA
@progbits 7 ELF XHFFHERNMSE
__i686.get_pc_thunk.bx | TTHLZFR
comdat WRMEETEELRD, NRARERE—NE BR3P

HiK, _hidden J7EM TN . hidden Dhi#fE. . hidden PHRAEIERTS AT WSS
HIDDEN, Al HARSC IO BG4S

FAL, thunk $8 092 TSR0 I PR KOS . thunk 598 AR F 6, A BHR 2 I A& .
BEUNTE gee P, thunk F8AYRMAFLEA = A4E 0 . A2 R0 PR

hN%k GOT skt

THEFEMN i686.get_pc thunk.bx REAHMIR T,  i686.get_pc thunk.
bx KEUHHRETE generateFunctionBody JrikH A i,
K#LiER 21.4 generateFunctionBody 77i% ( sysdep/x86/CodeGenerator.java )

private void generateFunctionBody (AssemblyCode file,
AssemblyCode body, StackFrameInfo frame) {
file.virtualStack.reset () ;
prologue (file, frame.saveRegs, frame.frameSize()) ;
if (options.isPositionIndependent () && body.doesUses (GOTBaseReg())) {
loadGOTBaseAddress (file, GOTBaseReg()) ;

}

file.addAall (body.assemblies()) ;
epilogue (file, frame.saveRegs) ;
file.virtualStack.fixOffset (0) ;

}

XHIHFEEM T options. isPositionIndependent () WI{EHAY if 5], options.
isPositionIndependent () N true 3 H body.doesUses (GOTBaseReg () ) Hf, L&
bx AL IEEE RS, 13 loadeoTBaseAddress 5, M bx e HUE GOT A9t
ko AE cbe ZEMAYICASH, “Uiln] GOT™ WALZE “fiH bx 23 f7as”, DIILAIR bx 547 de IEAE BY
R, A2 BACH VE IR TR GOT, A2 GOT HihbA7 A bx Zifrsat .

loadGOTBaseAddress Ji LM NZEACASIH 5 21.5 Fs .

B call kAN __i686.get_pc_thunk.bx WIES, &M add ik
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R addl $84, fif bx FAFERAYMEAN E $_GLOBAL_OFFSET_TABLE_., b—hi&igiid
XU, AR 2T
R#EH 21.5 loadGOTBaseAddress 77i% ( sysdep/x86/CodeGenerator.java )

static private final Symbol GOT = new NamedSymbol ("_GLOBAL_OFFSET TABLE_");

private void loadGOTBaseAddress (AssemblyCode file, Register reg) ({
file.call (PICThunkSymbol (reg) ) ;
file.add (imm(GOT), reg) ;

locateSymbols EE{AISCH

TR 2R A RSB N5 H P locateSymbols J7ik, locateSymbols
J7 5 1F CodeGenerator XM A M K%l generate Jr ik M IF L 0 H. Wt 2 U, #
CodeGenerator ZEMALBII RS, & & HH locateSsymbols Hik,

locateSymbols Jrik LI an g B 21.6 FR.
RAZFHE 21.6 locateSymbols F5i% ( sysdep/x86/CodeGenerator.java )

private void locateSymbols (IR ir)
SymbolTable constSymbols = new SymbolTable (CONST_SYMBOL_BASE) ;
for (ConstantEntry ent : ir.constantTable().entries()) ({
locateStringLiteral (ent, constSymbols) ;

}

for (Variable var : ir.allGlobalVariables()) {
locateGlobalvVariable (var) ;

}

for (Function func : ir.allFunctions()) ({
locateFunction (func) ;

}
}

A BRI R FAF R Y ConstantEntry X4, FoRneJm RN variable X4, %
NPRE Function MR, NE—NENAT I FHIERITREFE A — Ty, #iR4
Jr B PR, AR R R TR TR

SETEMEIE

B EUHE AR AR B NAES | Y locateGlobalVariable J5ik. XA RS LN
AV B 21.7 PR o
RELFEE 21.7 locateGlobalVariable 77i% ( sysdep/x86/CodeGenerator.java )

private void locateGlobalVariable (Entity ent) {
Symbol sym = symbol (ent.symbolString(), ent.isPrivate());
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if (options.isPositionIndependent()) {
if (ent.isPrivate() || optimizeGvarAccess(ent)) ({
ent . setMemref (mem(localGOTSymbol (sym), GOTBaseReg())) ;

}

else {
ent . setAddress (mem (globalGOTSymbol (sym), GOTBaseReg())) ;

}
}

else {
ent . setMemref (mem(sym)) ;
ent .setAddress (imm(sym)) ;

}

B symbol ik, AR S XIRIA sSymbol X4, il symbol HIEMEE 2 &
# ent.isPrivate () METEA RS0 RRRTS . AdFE x86 CPU 2244 T ) Linux
I, TCwAE R R AR IR R, AR FERERAT S, RS A SRS bR —RE Y, AR
1% il new NamedSymbol (sym) .

AR options.isPositionIndependent () FIWHEG A st o AS . R
B BUHHETC OGRS, A AT GOT WMINAES I, BRIGZ MG Az B 8 ) AR f A7
SHINAG

T TR — T 5 b TE AR A DAY

ffill variable 25 setMemref Jy ik Al LA B AR B S (E ) A S . T SR 2 M ik
TR, A mER LI (gvar) XM HEWNAFGIHSH], W mem (sym) AT LLH
setMemref HILIXE

HA4, sethddress Jik TR EARBCE B b A7 5| B ST RVEC, 4 Jey78 B G ik
AT AR5 1 sgvar X2 BSOS 2], A setaddress HiEEE imm (sym) o

BASETE: ML ABERT

F T R bk TESCARAD A B T Vi) 4 e AR 8 Y s

FEHLRETC AR AR A R SUR 4 R B SO SRR i U ) iR AN —FE . AR 4 R AR
B WLl A @GoT MAF S AT ViR AN J2& SO /il A sk, A i A A e
GOTOFF IFF S fTifiinl . At —Fga s, A8t A PIE fFSLL T, B4Rk
Rk, i e@coTOFF IFFSHE T,

HAONEFE 5, WA @GoTOFF WA ST, AILIVIRIBIAE A, Wiffi 7 ecoT
MIAFZ I, U] RS 245 ()

FoE, MAREAE BN SO RFRE, SUE AR PIE B O T AR e ] — A SO b e St
(optimizeGvarAccess (ent) ), AIRARAT FAICIS I B NAES | H .
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ent.setMemref (mem(localGOTSymbol (sym), GOTBaseReg())) ;

localGOTSymbol J& HfF S U @GOTOFF AU H: . Wil ik, X HLAY mem AR T2
] gvar@GOTOFF (%ebx) XFEMEIEENIEG I . FRENAELIH, FrLAR mov #84—& M H
ATEEE ] AR BRI lea 784 — Rl H A9 T5 L ] LAAS 245 & bk

TRR I Z AN BN WA 50 A], 3SR IO S ik i A5

ent . setAddress (mem (globalGOTSymbol (sym) , GOTBaseReg())) ;

globalGOTSymbol & NFF SN @GOT W k. Wi, X B mem Higi i nll T2
gvar@GOT ($ebx) XFEMIEEENAEGI . K% NS AT mov $5 4 — e il FTt v] LIAS 348
bk, AEARBE EAEAYTE, BEHEPUT K mov 184,

RS

2T RPN R FCAT S FINAE S I 5% o locateFunction Jrik T R ek BT
SHNAEEI A, ARSI E H 21.8 iR
7758 21.8 locateFunction 77i% ( sysdep/x86/CodeGenerator.java )

private void locateFunction (Function func)
func.setCallingSymbol (callingSymbol (func)) ;
locateGlobalVariable (func) ;

}

locateGlobalVariable Jiktrl LIRHCGRE TR ST, LIRS T AZ AL —E INAE
S

AN, PR A A TC A R ) pRAE S — 2 B4l PLT, ARG 25T setCallingSymbol
FERESTS . THEAIEN setCcallingSymbol LS EY callingSymbol Jikift
i (AUETE . 21.9),
KABEFE 21.9 callingSymbol % ( sysdep/x86/CodeGenerator.java )

private Symbol callingSymbol (Function func) {
if (func.isPrivate()) {
return privateSymbol (func.symbolString()) ;

}

else {
Symbol sym = globalSymbol (func.symbolString()) ;
return shouldUsePLT (func) ? PLTSymbol (sym) : sym;

}

R EFSEE (func.isPrivate () ), ILgmaea il FAN LAY call $84,
BWHREA RN call func XFEMFES, AAMSHEA SR L oA T XA O T Jois B
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55, W IFI privateSymbol (func.symbolString ()) A BUHIBREA —RER S
TN, W REE R 4R, I8 Mk Je A RS AL A O T A5 A — 3. ZEARAD
EH 219 %, W shouldUsePLT FikiR[ true, WA PLTSymbol (sym) ; USR]
false, WA sym. PLTSymbol J7E2 NAF S I @PLT,
B — FHIWHE SR ZIN | @PLT A shouldUsePLT J5 ik ISZH .
K#EER 21.10 shouldUsePLT 7% ( sysdep/x86/CodeGenerator.java )

private boolean shouldUsePLT (Entity ent) {
return options.isPositionIndependent () && !optimizeGvarAccess (ent) ;

}

1E options.isPositionIndependent () A true, HI4 misihl JoACS, FF H
optimizeGvarAccess (ent) AW, B “A A PIE, I H eREE R —A S0 E L LISk
MIEMF, shouldUsePLT JFEE#NR A trues

RN TC AR LI ( JUHE PIE B S 2510 ) A4 2%, ARMERRAR, (Hdmld ik
WHRE

SRS BN

AR EPEE B R EVINEA R BT locateStringLiteral Ak, H
AR INACAS S 5 21,11 FiR
KH37F 8 21.11  locateStringLiteral 7% ( sysdep/x86/CodeGenerator.java )

private void locateStringLiteral (ConstantEntry ent, SymbolTable syms) {
ent . setSymbol (syms.newSymbol () ) ;
if (options.isPositionIndependent ()) {
Symbol offset = localGOTSymbol (ent.symbol ()) ;
ent .setMemref (mem(offset, GOTBaseReg())) ;

}

else {
ent . setMemref (mem (ent.symbol ())) ;
ent .setAddress (imm(ent.symbol ())) ;

}

U 0] 45 J3 1 7 [0) SCPF Ry i 42 Jm A8 B LT — 3, Ak % BB, mRirit
setAddress J5 ik AHEZ (B R A r BV, PR lctuhE e e e R 2 i & NS 1

AN, LR LATIAHE setSymbol HECAFAF R E AL T . LCO XFERYIE T AT
‘5. SymbolTable X4 symbols £ HIXELFS, F7E newSymbol Ty HIEAE SUBY
SRS

FiX L codeGenerator KM FERBUR2FRYFREHE T, 2 Mok HEAA] 1a sk
e T



213 $HEREROIH | 425
AT RATRN cbe LI B AT AT SCAFIL SO R D RE
H &R RTHITSCE
Bk E AT PAT SO ARAS . A T PAT SO, HEF NPT 1a A AT,

14 \
/usr/lib/crti.o /usr/lib/crtl.o \
YeE A P RO EERE RS E I \
BirxXtE1 BfrX#f2- \
-lcbe -1lc \
/usr/lib/crtn.o \
-o XA

Je SRR A T A T SCIF Y generateExecutable Jrik URASIE B 21.12 PR,

RAGFEE 21.12 generateExecutable 753% ( sysdep/GNULinker.java )

static final private String LINKER = "/usr/bin/ld";

static final private String DYNAMIC LINKER = "/1lib/1d-1linux.so.2";
static final private String C_RUNTIME_ INIT = "/usr/lib/crti.o";
static final private String C RUNTIME START = "/usr/lib/crtl.o";
static final private String C RUNTIME_ START PIE = "/usr/lib/Scrtl.o";
static final private String C _RUNTIME FINI = "/usr/lib/crtn.o";

public void generateExecutable (List<String> args,

String destPath, LinkerOptions opts) throws IPCException {
List<String> cmd = new ArrayList<Strings();
cmd.add (LINKER) ;
cmd.add ("-dynamic-linker") ;
cmd.add (DYNAMIC LINKER) ;
if (opts.generatingPIE) {
cmd.add ("-pie") ;

if (! opts.noStartFiles) {
cmd.add (opts.generatingPIE
? C_RUNTIME START PIE
: C_RUNTIME START) ;
cmd.add (C_RUNTIME_INIT) ;
}
cmd.addAll (args) ;
if (! opts.noDefaultLibs) {
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cmd.add ("-1c") ;
cmd.add ("-1cbe") ;

}
if (! opts.noStartFiles) {
cmd.add (C_RUNTIME_FINI) ;

}

cmd.add ("-o") ;
cmd.add (destPath) ;
CommandUtils.invoke (cmd, errorHandler, opts.verbose);

}

HRAERHR ArrayList X RMES B2 cmd, R add FERNGS1T550
)5 commandutils 28 invoke kAT S o

JHPEE % cbe AT 2ATSE, B BERSCE . PR PERRI R IEE - L F# AT opts.
1dargs () RIFHFIFRT, BH addall EXAFIREBME] cmd, ol DAESEE A P48
E R (R BRI AL 3 25 1d s s

A6, HElf) opts.noStartFiles 8{# opts.noDefaultLibs EHHASRES cbe
AIZEIT LA . 3 21.2 HE% T cbe BRI E SC, LAY Options X4 M &M .

£ 21.2 cbe BHEHEERIRINAN Options R B 19X Rz

JETR bopva:a) ==k ax

-pie isGeneratePIE ARl PIE
-nostartfiles noStartFiles THESE ort LHF
-nodefaultlibs noDefaultLibs THE$E libe F0 libcbe

XKLL gee MUEIAHML. BR T libgee AHSCIIRESD, AT VAT HEHIIE cbe SCBUARAI gee 47
H—E,

m"" generateSharedLibrary 5%
BRI AR, AR, R I 1 A BT

1d -shared \
/usr/lib/crti.o \
e RE A P B FEREESVETN \
BfrxXfF 1 BirXfF2-- \
-lcbc -1lc \
/usr/lib/crtn.o \
-o Rt X%

Ja sk g A AL A generateSharedLibrary J7iE M CASIE B 21.13 FfR.
K75 21.13 generateSharedLibrary 773% ( sysdep/GNULinker.java )

public void generateSharedLibrary (List<String> args,
String destPath, LinkerOptions opts) throws IPCException {
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List<String> cmd = new ArrayList<Strings();
cmd.add (LINKER) ;
cmd.add ("-shared") ;
if (! opts.noStartFiles) ({
cmd . add (C_RU'NTIME_INIT) ;
}
cmd.addAll (args) ;
if (! opts.noDefaultLibs) ({
cmd.add("-1c") ;
cmd.add ("-1cbe") ;
}
if (! opts.noStartFiles) ({
cmd.add (C_RUNTIME FINI) ;
}
cmd.add ("-o") ;
cmd.add (destPath) ;
CommandUtils. invoke (cmd, errorHandler, opts.verbose);

}

XANITERR T cmd BNEA FIIAFELISN, HAB#F generateExecutable —E(, A

PR
X L H JEf#— T 48 € soname Y 75, cbe A LS R, 38 %2 soname, TFEUNH ff

FH -w1 g,
$ cbc -shared -Wl1l,-soname,libmy.so.l objl.o obj2.o0 -o libmy.so.1l

1£ generateSharedLibrary FiEH, -wl F8ENSELEFEN) opts . 1dArgs () 1,
ok EIALB A 1d s



ARNEFAT— R I — FABANE, ST IR E AU . 05 . B nak

LR

%’ build FOnEkaYZ =2

Z U cbe B25E M. BEiEIATAIH H AT M 1S BLRY FA Thig, Sk WLE— F % 9% build
IE SR u L

B 5EoK build ARSI A 21.14 TR Ch #2)F .
REG;EE 21.14 main.cb

import stdio;
import dlfcn;

import 1lib;
typedef int (char*, ...)* printf t;
int

main (int argc, char** argv)
{

void* h;

printf t p;

int x = 5;

int* ptr = &x;

int y = f£(++*ptr) * 7;
printf ("y #1 = %d\n", y--);

h = dlopen("/lib/libc.so.6", RTLD LAZY | RTLD GLOBAL) ;
p dlsym(h, "printf");
p("y #2 = %d\n", y);

return 0;

AT AL TRCs R ARIWERIRER] . REOMAT, TSR A typedef E
SCRISRGTER] . AP R8O . ShaS s s
Horp, gAY pRL £ 8 SCAEANURSIE . 21,15 IR E 1ib . cb SR
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int gvar =
int
f (int x)

{
}

return gvar * x;

XA 7 A R R R E S

9;

lib.cb
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FAHIXA 1ib . cb SCAFSIFMRILEE, JFM main. cb W HARSCIEEE. 341, b=

AP EE B TS OC R, JF AR PIE R HRAT LM

TBESH

I A R AR TR T . IR 20T, R FEIEAAD 19 SCAS 43 E) B, token
BIALER . R coe Il E - -dump-tokens BB A] %y H 1RV 40 A0 45

$ cbc --dump-tokens main.cb

"import"
<SPACES>

<IDENTIFIER>
n.n

<SPACES>
"import"
<SPACES>

<IDENTIFIER>

nm.n

<SPACES>
"import"
<SPACES>

<IDENTIFIER>

n.n
7

<SPACES>
"typedef"
<SPACES>
n il’lt n
<SPACES>
n (Il
"char"

(A& )

"import"

"stdio"

n \nu
"import"
non
"dlfcn"
nen

n \nll
"import"
non
"lib"
nen
Il\n\nll
"typedef"

"int"

n (Il
"char"

e, AU ORI, I RIBE T S IA I AITE SUME.

BRSO

G AU ER 2 ARTRIE T, AT B I RE R 23 AT token [ A, AR BIMIB AT . TEIE
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FrAs 2R s R IR B AR . ] cbe Air& Y - -dump-ast PO AT LA ISR ER

$ cbc --dump-ast main.cb
<<AST>> (main.cb:1)

variables:
functions:
<<DefinedFunction>> (main.cb:7)
name: "main"
isPrivate: false
params:
parameters:
<<Parameter>> (main.cb:8)
name: "argc"
typeNode: int
<<Parameter>> (main.cb:8)
name: "argv"
typeNode: char**
body:
<<BlockNode>> (main.cb:9)
variables:
<<Definedvariable>> (main.cb:10)
name: "h"
isPrivate: false
typeNode: void*
initializer: null
<<DefinedVariable>> (main.cb:11)
name: "p"
isPrivate: false
typeNode: printf t
initializer: null

(IFEE )

RIXHE, BAAl SOR PR I RIE A, 5 T o FEar kb Bl .

tE Rl ehiEN RS

SERYER 3 A RAE SO A AE P U . 1 T AR LA 5 ISR BE R, IF
PEATZERIAG AL o BRI 5 55 M BUAG A [R] f 14T

ARG, HEEMRIEEW S T 5 T AR h . 4 cbe
L - -dump - 1 BT AT L A RS A

$ cbc --dump-ir main.cb
<<IR>> (main.cb:1)
variables:
functions:
<<DefinedFunction>> (main.cb:7)
name: main
isPrivate: false
type: int (int, char*x*)
body:
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<<Assign>> (main.cb:13)
lhs:

<<Addr>>

type: INT32

entity: x
rhs:

<<Int>>

type: INT32

value: 5
<<Assign>> (main.cb:14)
lhs:

<<Addr>>

type: INT32

entity: ptr
rhs:

<<Addr>>

type: INT32

entity: x
<<Assign>> (main.cb:15)
lhs:

<<Addr>>

type: INT32

entity: @tmpoO

(A& )

AR AR, AR SRR R Y KRR R R DA, At R I S AT LU B AR
PR RIS RL, JF HAIE WA ®] —A> stme U8 — M IREE . Sl iX A PR, i
AEBRETRITHARZ

LR LHD

Gt P 1) i e R A A A O o SRR R U AR Y19 R, B il BT L 2 — e
e i 5 AR S o 8 cbe T2 ML - -print - asm BEIRUEE AT LA AR BT SRS

$ cbc -0 -fPIE --print-asm main.cb

.file "main.cb"

.section .rodata
.LCO:

.string "y #1 = %d\n"
.LC1:

.string "/lib/libc.so.6"
.LC2:

.string "printf"
.LC3:

.string "y #2 = %d\n"

.text
.globl main

.type main,@function
main:

pushl $ebp
mov1l %esp, %ebp
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movl %ebx, -4 (%ebp)

subl $48, %esp

call __1i686.get _pc_ thunk.bx
addl $ GLOBAL OFFSET TABLE , %ebx
movl $5, %eax

movl %$eax, -16(%ebp)

leal -16 (%ebp) , %eax

movl %$eax, -20(%ebp)

movl -20 (%ebp) , %eax

movl $eax, -28(%ebp)

movl -28 (%ebp), %eax

movl (%eax), %eax

incl $eax

CPU LRI AA LA, AL R AR R RGeS H A X — I E W B, X
SLRNT R 2 A, SR AR BEAT B o 38 B A AR ML SR LA PIE N A A
HuhETE AT

L4

BEWHFL RO LR, 2572 T binutils €1 LA S I TARE
HAET IR as A LI 5 RS TIL S

$ cbc -S -0 -fPIE main.cb
$ cbc -¢ -v main.cb
as -o main.o main.s

XA SO P A B 5 ) JEAR b A A% Ay ad ax AR ik D n) AR b AR B 4 B 2R TH R . X
IR TG e fe ik, RTDAAE B e VAR R, 7R T — AP EEREI i

4w A4 & ELF B9nT S e X main . oo TEEN U IR REFEF L FEE, &
EN MARTEN, HILEAGE HiEETT.

[ sEpptt=p:

FERIATREE Z T, BSmiR . I 1ib. cb, AL, WIS EE T I,
SR AE TR RS 4R 15 A Mk JE S0

B W HETC AR, AT DUMR T X AETE cbe 2 G M b - £pTC MBI T g e, B
b -eprc I AE RS E, Uil R R KBRS GOT #E17, AL TEE N,

$ cbc -¢ -0 -fPIC lib.cb
BETORH cbe iR 1d fvd, ARSI, tAh, A TRRANE B, i I soname.,

$ cbc -v -shared -Wl, -soname,libmy.so.l lib.o -o libmy.so.l
/usr/bin/1ld -shared /usr/lib/crti.o -L/usr/local/cbc/lib -soname libmy.so.l lib.o
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-lc -1lcbc /usr/lib/crtn.o -o libmy.so.1l
$ 1n -s libmy.so.l libmy.so

F a0 cre* SUFE C a7 . C i847RHZ libe $ALA HAR SR, Forh a3 e
Friiiatl . 2k AR, SN A LR _start sRERE,

S RRETIATIM

e, PRI cbe frf sl 1a, AEMATHETCME . oEEE £ R%L, T2 L - Lmy HEsikE
$ libmy.so.1. W4k, WEE% dlopen PRET. dlsym PRELSE, ZE I -1d1 ¥EWiEE: 1ibdl . so. 2.

$ cbc -v -pie main.o -L. -lmy -o main
/usr/bin/ld -dynamic-linker /lib/ld-linux.so.2 -pie /usr/lib/Scrtl.o /usr/lib/crti.o
-L/home/aamine/c/stdcompiler/src/lib main.o -L. -lmy -1lc -lcbc /usr/lib/crtn.o -o main

XENE T A PIE 1Y -pie ¥, BAR PIE, 84 CasA7 it n SRS L2 i i bl TG
KARAS, PREEEE S crel. o0 4820 Sertl. o,

A T TS main SERE T A EENERAE, AR TR LER, JEE T I nE.,
HMATT LIRS DyNaMIC B s Bee & T LAl A8

[ nz
ZHFF build TAEE A28, B libmy . so. 1 7E4FSCRe, PIka] i i
¥ LD_LIBRARY_ PATH MMRARRHSE B TH R RIS, 38l main BT,

$ LD LIBRARY PATH=. ./main
y #1 = 378
y #2 = 377

AT TRT . ik, AR EEENETY, B4 main REITZ AT FEE 2R
IR

B, RGN main Fl1d.so BUFREINAE [, A 1d.so BIALRE, 1d.so 7ESEWIIRILIS ,
I A AT, Z R AT S I A E E A, XA 1ibe.so.6. 1ibdl.so.2 fl
libmy.so.1 #m#k. 54b, BOMART PIE, FFLARFS- T ff FIE e o7 1A JEIR Ab Bl

BEPETRFFRIZER) . init WP IIED, 203 start PREUGZTHETE] main PREL

XA main RECTELE dlopen AU, Frll main PREHATIE FRRFEA 1d.so f#
1, dEfTHERE

M main REURINE, FATEIREBIFRAT exit RG], &k,

DL 2R E N build BT85BS E K, (HBAEA AN LA
PHRERET . WIKE,



i REIiEE

XEABHRE—F. FERER—LEZAIRE
RRAER, HFAAREF-LSEE, HEHX
IR A BRBTAIIER




221 BEPRE | 435

A RNREN B W TRA TABNERNSE S,

RiRsRE X

VAN 2 AWkt as i 75 1

Alfred V. Aho. Monica S. Lam. Ravi Sethi, Jeffrey D. Ullman &, &%k, HiEiF, (&
FRIE (58 2k )), #UTHARAt, 2009

APHBHEEN " NEE, BRAETERK—REEIR, AMIERTRRBIRNHEELE
"B, BRIRIE 1977 ERITHEABAAS ERFERENEET o

TITEE 2 (RN FIRRE 1T T £ EMELT, HFETREDTAS, FIMABRARBERSNSENE,
HEEE, [ A M SOER EREL | ( FIFFHNEBTRMAL ), HEEE, 1999

BARESBHREN}HNEE, XAPMRES TEBESW. B, EFEXRSHMAFTTH
AR, XABIFFFMUMFIR T HRHITHFR RN FE. BIENSE, EXRORFSMMALIE
bR IR — N ENNETF,
Andrew W.Appel, Modern Compiler Implementation in ML, Cambridge University Press,
1997

XWEM, KPHANE “WR RESOIU, SEF B LEE $EREDFHE = 0T A 3
TSR, RFEENESMNH NN KBS, FIA SSA #HTHIER TS E 215,
FHNEH Java 0 C RAKIEIRE, FIEFEMARSE ML BRAKEERRHE ( FTRBEEX
) (

D

R

IEEOHTHEE

e}

N HEHEE LA S TEE AR A B

HB%&fE&, [JavaCC ), 72 /7L X, 2003
XBIEEH X JavaCC HBE—HXHT (W ERMES JavaCC XM ER, EHFERFXAK

O CmAAFER, $oh (MRBFRE.CEZMHA), ARIRE H KA 2006 58,

FHE
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| 2= FREE®

H)o VSR THNXABPRERNERVELERS, THEEGSENE,

WTRIT, [ A XM FAM I (HIFESEANT), 4T X4, 2008
ABRATHFSRREANITE, Hp yace HBXHFIRFRELHER,

Jeffrey E. F. Friedl &, £RiF, (FBEEMRIEKX ( £ 3 )), BFIHRYE, 2012
XE—AHBRENKRARNT B, ARHBRTRETUATERBH/THENFAR, B0

‘AN SHHFHFEFHEMNENFRIAR" "L CIBSHISNENFRER" &,

BARUERR, [ Ruby % 256 {&{E 5 7= | ( Ruby BF L ), 7 XF—HhE, 2001
AHELEENE—ARZ/E, WRT WEEA Ruby BRBEERE 4 M T A Race #7185 547, Ruby

AEHERIANE, BT URAESRSBEHAT, EPBNHTITEM, EEXBXE—K

TEEHH,

FURT L B0 A Sl PR 8 12 0 A B o LT o 4 09 9 198 45 1 5G9 1 45 HL— BT A LL

LALR fHRMNE, REWTUSH T,

CHBESHEX

T HEAA AR Gt 5 W S % 4

XRILE, [x86 77 FAFI](x86iC4ANIT), CQ ki, 2006

APFEIFT x86 CPU BBHARILHIES, BREBINXAPPRERNES . FREIES. MMX
Je4. SSE154%, NAMYLE, TUMENRLSH,

EEN AR PEENR AMD64, SSE3HEXNAT, FTEARBHIFNXALEEE—EME,
NIZE DESA Intel F1 AMD 952 F M7,
SEHIEN . JKHETE, [ (XU TEHE Pentium | ( Pentium #0148 ), 7 XAF—HARE, 2004

x86 T HmESANITH, RB—FFHERMBHT “HEMNI LB XPKEN, Hrdiks
FRIFHSEEIVBLIES, ARFL. HREW, EEEEVEE,
SEHEN, [ (XU TERT 486 ] (486 M4 ), 7 XAF—HIRF, 1994

MAR L, APTRUEN EAPHSE, EHBR T BIXEABZLEFT S RNFG CPU HT)
B2, WELNFE. NERARZEFTRNEIT Ko

MIAMES 486 EARHEH CPU 7, BEEAMSERINK CPU AL 2R, BIIXAH, —
E T DR IR BRIE R GO ER AR
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(22 2‘4 i, MAER

RTHEEEAMZEL, X R LT LA E
John R. Levine, Linkers & Loaders, Morgan Kaufmann, 1999

XEBRIATHE. IRR2ARITENER, TIEARPI L HA T EBTHEEXHE
M, ARMERE, RYTEER AT ASR,
ST, BN, LN, iEIE—BB. BB —3, [Binary Hacks [, #7141 — -
/3, 2006

APRETEE. . . BRE. REESHEW, TP R T C++ BFZTNIRE,
BIHITXARSAIEZENNBNEREMEFEXALESREUIK,
Peter van der Linden &, #RiKiE, (C ER%KE (¥ 21K )), ARHBPEHARIE, 2008

BAEARCESHXNS, BERMNEER Sun Microsystems A §E3E28/ NBEI A, F it EEREE

HXROABEBHFL, ERFLEMFHHRRIBT, FIEBRABER, FUIEELAR,
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HMMIZIES HIThEE

Cb LA CifrE MR, (B T IRZIihE. BAERZ AR S A0 Cb R B2 M IIRE, I
T Bt T R IR A IR SR A AT IR
TR YRR B i 5 T A& & A R R DI BE R SEBLAIE B

Y St iR g EE

S5 (exception) RIMETE Java P FIMRMAR S, AGA A EEE IOZXHINGE . FFIETf:
B o AN PR BRI AR AR D, PPl BUISI2E DUR A,

S8, BEXH. KRS, EME—RB. BBE—3, [Binary Hacks [, 74 1)— -2
/32, 2006

KPP ELITNEDKIFEMHMA gee F C++ FELIEHNAR,
FOHLDEVAEE, HARIER, [ Ruby V—XI—F £ | ( Ruby iIRBHH ), €
Y7L X, 2002

WA RHG, BEEFNRKME, £ 3 BOFMHR T EHEXN REIZIES Ruby P setjmp &
T RE AIEHF

Bl S PR R = AU By B T2 2] S W AR BRAR G I N 2 . igilt Java VM SRR TR #5
TREZ I, RTS8 5 U el 12

KiRE

TR — T g SO S P 2

B3R B ( Garbage Collection, GC) F82& AT HNAAIIIRE. H CIEFRIUL, W
I A X malloc () HIEMINAFHETT free () #RAE—FE

B e i 52 A FRIE & 5B (mark & sweep ) A1 & % (stop & copy ) XM
KK

FRBFRIC & MR, FRIE MY R IEAEM X IR, S nT LLYs R 208 B % 5258 15
AT b FEE” bRl , BEREHIA AR FRIC i A X R N AE S [ B T 1
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iP5 1k & S 5 1 el A7 23 Ry PR 4y, — ko se “ BENAEZsIE”, 55—y
S CRINAEASIR”, HHEETE X G A A BN D, SRIGTE R AR B IR i i, DS R IE
FEE PRSI IR, AR ITA REUT M BRI 5, FEIX Xt G 2w B NS [l 3XRE—
K, AT Rl R SR AR S B T IR NAEAS TR, DRSS A N5 B AR T AR S ],
PHE NS ) B 7. ZR ik BRI, R PUTRTY

TN, AL RA G T X PR, teann] DI i =3 GC (incremental
GC ). R B [RIAS T XoF G2 40474 1) Ak 38 DA T 9/ Kb B X 2 Ok £ 55 GC 8084 GC
( generational GC ), fE17 3% M 3B 24 R EF 7993 53 GC (distributed GC ) 45,

[ SR EsEX AR
RO IIE ZARH X, MR HICEA RO LA A2

Richard Jones, Rafael Lins, Garbage Collection, John Wiley & Sons, 1996
FITHBLAREENIER, ZABELFLEENT, ERPNLUROENEEARAEEME,
FRPUX AR AREILGE ( RIS R FRIRA ),
FObEWEVAEE, FARER, [ Ruby V—XI—F T£fRE | ( Ruby IR ), 4
»7L X, 2002
AR T Ruby BFRIC &R GC 9,

2 2] BRI AR e U ) SRR R AR R RS . 45 Java VM BYSEERER AT 22, Sl C/
C++ B a1 fiE ) Boehm-Demers-Weiser conservative garbage collector 25t 2 Bl I RE]

X S RiEiE ST

HIREEX R 4RIZIES (object oriented programming language ) B Z2EH M M T, AidHAE
BT VEH L HIXERR A 1o

(BT ) WX Z9mfiE = AR REA 2 (class) AYSEHI (instance ) AYAERL.
K47 (inheritance ). 7% (method invocation ), %7#s (polymorphism ) FJSZEL, 2
& (instance variable ) %,

C++ 1Y vtbl (virtual table, HEpRELER ) WL R ik . R M ZBL M, vebl 2
LT ST AR R BRI RS TR UER — DR vebl, JHEAFSLEI AT Liiln)
XA vebl, HUSEEH TR,

CLOS (Common Lisp Object System ) Fl%& T2 By 4k 7k A [F], 7% FiE (multi-
method ), Z5fPl JavaScript FJE FIREEY ( prototype base ) AUXTZ LI,
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L3 P ey S 30T 1) X G R i & IR

FOHEWEVAEE, BARIERS, [Ruby V—XI—F T2k | ( Ruby IREEAH ), 4
»7L X, 2002

BT LERERERID YA T Ruby BT [@IX SREFHEA ST
Andrew W. Appel, Modern Compiler Implementation in ML, Cambridge University
Press, 1997

EEPR T HENRRBETS LI,

REIES

RE X IES (functional programming language ) & ITIEH Z KF I — M RARIE S IR R -
HEFIEALETE RBEGETS " XREER R, BRFIHA FE] L% 26 Haskell, ML,
Erlang V7 4 s BGEIES , B Common Lisp #1 Scheme i ELIH M R ECTE = o

FEHERK, RBEE T ROl A S TR R AT W 8 — & oA ) 2% ok w7 FH S8
TR E R AR R LA R AR A TAL B R AT, A R T 7850 R A iy
CPU W%, 3K — s A i 1) & ey T AH DG B

KT REEUE S R, iR T XA

Andrew W. Appel, Modern Compiler Implementation in ML, Cambridge University
Press, 1997

PFhF R THE (closure) VLW . BiEVIR4L (tail recursion optimization ). M ( lazy
evaluation ) LM ERF,

A2 1AL A Objective Caml, GHC ( Grasgow Haskell Compiler ) %5,
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HiffgE — [C 7 a7 AOHHENbINDAK]

KEJILE [x86 7227 7 AM] CQ Hillift:, 2006
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“Intel64 and 1A-32 Intel Architectures Software Developer’s Manual”
http://www.intel.com/products/processor/manuals/

“AMD64 Architecture Programmer’s Manual”
http://developer.amd.com/documentation/guides/Pages/default.aspx

“Linux Standard Base Core Specification for IA32 3.2”
http://www.linuxfoundation.org/en/Specifications

“System V Application Binary Interface: Intel 386 Architecture Processor Supplement” Fourth
Edition
http://www.sco.com/developers/devspecs/

“System V Application Binary Interface: AMD64 Architecture Processor Supplement”
http://www.sco.com/developers/devspecs/

“Documentation for binutils 2.18”
http://sourceware.org/binutils/docs-2.18/

“Mac OS X ABI Function Call Guide”
http://developer.apple.com/documentation/DeveloperTools/Conceptual/LowLevel ABI/000-

Introduction/introduction.html
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e GNU Compiler Collection 4.3.0 http://gcc.gnu.org/

e GNU Binutils 2.18 http://www.gnu.org/software/binutils/
e GNU C Library 2.7 http://www.gnu.org/software/libc/

e Coins 1.3.2.2 http://www.coins-project.org/

e Ruby JF &t HEAD http://www.ruby-lang.org/
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