BAF A ERAFITENAFERARR 20235 &F M)

4. R E K
AELRASLR=, EHEEREIAN BESNAE XM T L, HC—FERX
MEEN PR ARG, b LR A RGERFRNNBET T UL ARBEN FEEFER) =
HEWEN (ZHURB) FXX, AT HEREHRHET, ROTZIKE ARG EH R &K
M, AT R LB R AR BEEY R AL/ 7 (FEEB) SRR 18 R By 32 4T 45 R
FEERMWE, ITAERENERFLLAAAREREETHNKRD, FEF—IR
R RGP RAMBITRDEH AR MW ET S TENLRRFELEER,

41 ZBAX
411 ZRER

AR ERY, BMNAMANGC—EFTRRD o TEiE (EF, BE2f37 R EE
BHAEEMERTARARE)

1) Bi&kl: Ao WA EE. \SEd Rt s BN TR FARTHEIELE.

2) Bik2: Fad AR B ERHELRL (FTIENEKL) WRE.

3) BK3: HAMBERSKAMR N FEEE, Wk AY, SEHERRABTLENS R E
NEHF

4) BRa: RAELREENER, FETARENTEAS.

5) BE5: BHET2REEMEABARDNE.

6) B#6: WHER2HT—REL CRAEHFN) -

7) B&7: AN LA TR E. BFREGEER (8 HE S Areturniz ) .

WA 7 FERAE U LB C—IRRAEFEN ARG, FERDEERRBEELT
WERIR, RPHBERITUS AT ILE:

1) #5154 LABELA T4 % Bk 4 B 47, 72 MLABEL 5x2 (8. x5 § 5 2 8 £ 2 # 5 4
IR o

2) & #1& " FUNCTION A T 45 2 & #t e X, 7 EFUNCTION 512 1], {5 § & 2 |8 44
SR KRR

3) MEEAT UM R EH#ATRERE (EERETHEHN B ZEIFRMAR/T) « K
BEEANX—ERXR—NMEEXIHFEHETE, MRESHEANYRTUREEREHZ &,
TMURLE . IREBEIHH, WFEALWER M 4" F5. fln, wREXFTHEORS IE
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1. R R REEAT

&% 7
LABEL x :  UAFE Xo
FUNCTION f : 78 L s
x=y T (B 1
X=y+z fwik ko
X=y-z Wk
x=y*z Tk k.
x=y/z Tk .
x =&y By #y 3t 3 T 48X o
x =%y B LAy By 3k 0 9 77 BT B A TR 2 X
Xi=y BUy 18 T 20 DAXTE 4 3tk 0 9 72 3 TG o
GOTO x T4 B3 E AR5 X0
IF x [relop] y GOTO z I Rx Gy £ [relop] x # N Bk ¥ E 475 2o
RETURN x R Y A& B R FIx .
DEC x [size] WAEEERIE, KN4 EH.
ARG x & L5 X0
x =CALL f PR B B, I R B TR A X
PARAM x HHESHF Y
READ x AR & BB E
WRITE x ] 51 & 3T B X 1

B Etl, T LLE ptl =#5,

4) FREHERECHEM B R ROMFEE ERZEFAEAN b =48 3 H LA R
) o METAHEx—ER-—NMRESF R R E, WIKET AL EymzEE ™ 2% & i
AR, WA URLH M. WwRELHHE, WFEELMER M 4 5. fln, WRER
R Eah HHSHIE R LR SD, NS &b =a+#5,

5) MEFAUWRETUARM & FFHEHTIIEEE. A, b=&a+#8RLH
T Ealy Mt im 8K 4 b

6) UMMEIBHALH R EYRMT 7 FF5 B REZI ULy i (E1F & 3k oy Ay 77 37T
MW A, TLREERALDNEEXRMT 7 755 0 WA K @ DA E1F 7 ik 8 A i 7
LS PN

7) BB O R A B AR R AR B A R . LA R Bk 5 1E A GOTO x4 B #4635 4 4
BEFRE AXIMA —4T, T AKMHkEEIED (EREATRE. XAREFNEHL ZHZHK
RH KA RT) MersmE W MRESITyZBHEHXR (HE. F%F. AT KT ATH
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Fo ATETHOM) , WwREARRLUATHRE, FUFBRETEREEHESHT— 4
A

8) iR [l & #) RETURN A T M & £k & py #P 3R [l B 18 B 4 77 &8 2k, RETURN )z i@ 7 DL iR —
MNEE, B U —ANE Ko

9) REF PEHDECH T A —MEAUNNEHR L EFALMFTENZE, ZZEE X
INAFT R BAL, X MEAEFIABAREMENA R EXRXFEI R —BEZNAFZE
WREELEW. i, WRENFEE A —AKEAH100int X B # 4a, 175 RDEC a
40, HTALEBAZRAXENEKY R E, AEEANT, FFEZMEFDECIE A X LI AT
FH, TENGAAESZ M LR, B4, EFERDGELRFEEAZNBRA, BT
R RE—EZBAESL.

10) 5 & #08 A A Xk 8155 @ CALL. PARAMAARG = #. H #PARAMIE A &

BENRYTTLER, ATREFY SN K EMERITE R flin, F— D& Hfunch = MY
Fa. by ¢, NZE K B KEAH =454 K : PARAM a. PARAM bfiPARAM c, CALL
FARGEA f FH#ATBYOAA . ERA—MBERZA, RIOLEERARGEENIA LS,
W 5 A CALLAE &) A % & B Fih R E . A7 DL Stfunchy f, R RN FERKRENZ
MNESEX ys z, HHREERFEIERZ ELE, W25 %A KA ARG z. ARG y. ARG
x#rtl = CALL func. 7 EARGHE NS #0 7 FnPARAM = B 2 8109 I J7 IE 47 48 K . ARGIE
S HTUERE. UATF KN F R R UG LW ENT EH M. FE: SBBESHELS
MR R LA b, ARGIEH B 5 84 AR s B A vy stk (B DA B R o9 7 R SL I # 5 # i
#) o

11) fr N\ 1B READAWRITE | T 4045 4| & #4172 2. READIEA ¥ DL 42
EEN—NERLRE, MWRITEEG T H—NER R ENES F&EF & Lo

B BRI, ERXBFREELHREADTHREMN, B LN “abc” fr “AbC” &
WEARANMTR R ExtA, LRrAx#Y (FlmCALL. IF. DEC%) #4&M AT, &N
EUNDMEF2EEEE—NREL.

ESERZF, RTRFEELR -WEF P Mo TER: £4 5K P T LR fpread fn
write X N FUE L el B H P read BRAETSH, REMEYintA (BEANEHEH
B) , writtE @4 —MntX B WS K (FEBwEHE) , REEEAIntA (B ERE
0) « FEFHMERYEHZUC—REFRATU L 6 HTREINED ., EFHARS
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EEH R Y, readsd BT B X N READ#(E, write i £t 7 F 8 x  WRITEZ# 1k .

Rz 4k, IR AR T L R R U T 8o Ha i EK:

1) EX31: BBl mC—IRRD W EZ2M3, HIFEKRD .
a) TMUHAEMERANEE (BEF2REMELEZ R EERE) .
b) ZMERBNTETUEABENSK (EBET2REEMELBHE) .

2) ER3.2: B EAC—IR R RS, FIRERD
o) —AHBAXRBWTETUEABESHK (ERHT2RE—HFRAXBHME) .
d) THUHAREKAXBNLTE (EHEHAXBVNEEL2EN B HNS K HE

B EME) o

412 AR

RN E — MR C—IRR B SRS, R & Z s sl — M\ X
& Fn— A X EE SR B, BRI 4E foes MNIE4 Ktestl, #r i XE4
Aoutlir, 2 FAd ASCHFAM T LA B KT, AP 4% Linuxar 21T T324T./cc test]l outl.irEf

TR EAERSNYH B K T4 youtlirsy X # o

413  HEBER

S = EREMARFEETERME A X, EXHERGT—AFRARED, F430H
AT A XA E] ST . R A XA £ A8 $UE L, N % & @ T FUNCTION 3% 4] 4 3
sk i # % IF o FUNCTIONAE 4] fnLABELE 4] 8y 4 X 6 0, Btk ] F W5 T o B 491 o

MENEEW RN, FAFEE-ERN Y BRAVEEA E DA /NE 3R o B R
Wy I BAT MR AT g AN P A AT H F B EH SR Wi AL
S, EWALNEFE 2 Gt R i A R R T AT I B & R 4R AR R, AR T IR R T
F By DB AR A B A

414 WRFE
R PR AW T IE R R RiF AT (F2R—) ¢
1) GNU Linux Release: Ubuntu 20.04, kernel version 5.13.0-44-generic ;
2) GCC version 7.5.0;
3) GNU Flex version 2.6.4;

4) GNU Bison version 3.5.1,
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— M E, REBAHEALTAITNRE, #82CRANLInuxEHFGCCE, BIEAL
Tl ARAUT AW, E8, SR-OBEIBFF2FREXZKI AL LT EHE
Wi Bk (wglib%) , BLEFEATNEFFER B

415 RXEX
SEHRZERBRIMTAE (AR
1) Flex. Bison DA % Ci& & & ¥ # IE #1 4715 AT B9 R R A A2 7 o
2) —PDF# Aty Lok &, WARHE:
a)

b)

frey A F LI T ALy b R A T LI X Sy b, I ET Y BT B #
XU B AR e P SEBLEY o e HEAT 6 FE A IR

TR e A2 Fp Mz e T B 4% FT UG R A, makefile (& iy N 2B AT %, 1R
TE 4L A N AT G B AR AR T o R A G R S BB BT i R AR BTS2
Py o s BAT AR, T & K A8 B B9 28K

TRRENKEFRBIL =T FULRREFFEERAERNTRNETF T
R, AERAK A REMOI W AE, WA E R AT L
WA ARKFEME T, LEHZBERBHNREZERD, LRRE
FHREANZANFTARATESF (HEXLZTF) .

416 AR GAHAK)
S8 = By RO A S R R 5 KRB T 404, 4 At B TSI o b 4 B4
BRI R, H AR, DU 2 TR DR e R R AR, % A

KA B

A1

1 N

1
2
3
4
5
6
7
8
9

il

int main ()

{

}

int n;

n = read();

if (n > 0) write(1);

else if (n < 0) write (-1);

else write (0);
return 0;
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TR FEN—NEHN, KETTEI R F T E Ssgn(n)o 6T M B R T LR

PR
1 FUNCTION main :
2 READ tl
3 vl = tl
4 t2 := #0
5 IF vl > t2 GOTO labell
6 GOTO label2
7 LABEL labell :
8 t3 := #1

9 WRITE t3

10 GOTO label3

11 LABEL label2 :
12 t4d := #0

13 IF vl < t4 GOTO labelid
14 GOTO label5

15 LABEL labeld :
16 t5 := #1

17 t6 := #0 - t5
18 WRITE t6

19 GOTO labelob

20 LABEL label5 :
21 t7 := #0
22 WRITE t7
23 LABEL label6 :
24 LABEL label3 :
25 t8 := #0
26 RETURN t8

FRERMEZ, BEARARMUPEANTELZRE T FER - MT (wtl. vI%)
X, T HEFEHlabe FR - M F T A, BEXHFLEEMNERG. G, FRHEF
fir i 22 LB R B e A e R A i T R A2 % i ALANME 7B IEAT .

FEH2:

1 int fact(int n)

2 A

3 if (n == 1)

4 return n;

5 else

6 return (n * fact(n - 1));
7}

8

int main ()

9 {
10 int m, result;
11 m = read();
12 if (m > 1
13 result = fact(m);
14 else
15 result = 1;
16 write (result);
17 return 0;
18 }

Hr

R — A EAMIE i W m by B by DR F, HxE R o IR T DL

1 FUNCTION fact :
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2 PARAM v1

3 IF vl == #1 GOTO labell
4 GOTO label2

5 LABEL labell
6

7

8

RETURN v1

LABEL label2

tl := vl - #1
9 ARG tl1
10 t2 := CALL fact
11 t3 := vl * t2
12 RETURN t3
13

14 FUNCTION main

15 READ t4

16 v2 := t4

17 IF v2 > #1 GOTO label3
18 GOTO labeld

19 LABEL label3

20 ARG v2
21 t5 := CALL fact
22 v3 := tb5

23 GOTO label5
24 LABEL label4
25 v3 := #1
26 LABEL label5
27 WRITE v3
28 RETURN #0

SO IER JE N CROP RN SR OV & LV Rk P

417 BH (BHRER)

XA F| A R A
B
N
1 struct Operands
2 {
3 int ol;
4 int 02;
5 };
6
7 int add(struct Operands temp)
8 {
9 return (temp.ol + temp.o2);
10 }
11
12 int main()
13
14 int n;
15 struct Operands op;
16 op.ol = 1;
17 op.o2 = 2;
18 n = add(op);
19 write(n);
20 return 0;
21 '}
Hr
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RO T AT AL RE, DREROE RN B RS KA, PRI
FEERRERIL, HOHA 85 A RA TR

1 FUNCTION add :
2 PARAM v1

3 t2 := *vl

4 t7 := vl + #4

5 t3 := *t7

6 tl := t2 + t3

7 RETURN tl

8 FUNCTION main :
9 DEC v3 8

10 t9 := &v3

11 *t9 := #1

12 tl2 := &v3 + #4
13 *tl2 := #2

14 ARG &v3

15 tl14 := CALL add
16 v2 := tl4

17 WRITE v2
18 RETURN #0

WREHBEFAFERZRERSL, BALBBF2E0RmAN, ROEFTUS T

ZNERSE

Cannot translate: Code contains variables or parameters of structure type.

HF2:
LN
1 int add(int temp[2])
2 A
3 return (temp[O0] + temp[l]);
4 }
5
6 int main ()
T Ao
8 int opl[2];

9 int r[1]1[2];
10 int 1 = 0, jJ = 0;
11 while (1 < 2)

12 {
13 while (3 < 2)
14 {
15 opl[jl = 1 + 3;
16 jo=73 + 1;
17 }
18 r[0][i] = add(op);
19 write(r[0][1]);
20 i=1i+1;
21 j = 0;
22 }
23 return 0;
24 '}
Hr

HHMAFHAT @A ARBERE, WA 4HAXBEREFENRESHNA Z.
W R AR AR P T E ST R E RB.2, A Hr A\t By o 1A KA R LR

1 FUNCTION add :
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2 PARAM v1

3 t2 := *vl

4 tl11 := vl + #4
5 t3 := *tll

6 tl := t2 + t3
7 RETURN tl

8 FUNCTION main

9 DEC v2 8

10 DEC v3 8

11 v4d := #0

12 v5 := #0

13 LABEL labell

14 IF v4 < #2 GOTO label2
15 GOTO label3

16 LABEL label2

17 LABEL labeld

18 IF v5 < #2 GOTO label5
19 GOTO labelob

20 LABEL label5

21 tl18 := v5 * #4
22 tl9 := &v2 + tl18
23 t20 := v4d + v5
24 *tl1l9 := t20

25 v5 = v5 + #1
26 GOTO labeld
27 LABEL labelo6
28 t31 := v4 * #4
29 t32 := &v3 + t31
30 ARG &v2

31 t33 := CALL add

32 *t32 := t33

33 t4l := v4d * #4
34 t42 := &v3 + t4l
35 t35 := *t42

36 WRITE t35

37 v4 = v4d + #1

38 vb := #0

39 GOTO labell
40 LABEL label3
41 RETURN #0

R EFAFERRER32, Ar@BiFZzedmN, FNEFT UL THE

iifgr%\
Cannot translate: Code contains variables of multi-dimensional array type or

parameters of array type.
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42 BT

G % 4 B B B dE 2 — 3t 2 B RA (Intermediate RepresentationIR) .
oA R AR AR R, X R B R B A R R X B B AR K M R v i AR R
W R R RIFRNETRE D RGEE RN EARRADEATRE

JTX MGG, G AR PRI T PTIE R K S BRI MR AR (5
HEAHAMIER FEETT ) o B, BRNZEHMERIER. BER FRMEMIEER
%, AL FENRG, ERERROGHIREREENT T ERTHIFSETFHEMEE. W0
RBEMNEFREARMAEFOEMELHBREFEFENFLBRNEFRRDHIE, 5F
B TR R AEF R, FHEe kKB RLETHE,

e, ARG R GEFENRIEE 2 BATIE S Z R B — AR T R A Y K
(X #f '€ % B R fE Intermediate Code) o R b oA Aft aRmBETRELMNETF L
BEE R EAARE, TR 5IANFENRGR? LiFE, FIANFERDERNEZNTL
—F W, PERGEEES R HIORERANH L. BRNFERRREFENRES
FEFIETHR, WRAKTHERSG, RNAFERSREREFEW I em, MAFEES
ENGiES. n—Jrm, WERIESMERET BN, KA KD 4A A T 4% 8 0
Befto AT G 2 25 B0 1T o AR So B AR (ELAR 5K 171 K B 1 4520 3l i 7E i 3 A )5 3 09 A8 MR 3
DR AL T M BB AL, UM AT L o MR AT IR R 5 BT A R ek
T, RV, P ERET RIS & R R

421 FERGW LK

FERDHEITTURESHRE—TERT R R A B 47iF 2876 A o & 8RG8k
T ET A, WEER—HFSEN G R S MRS R R AR R R
FEER, ANTERSEEREEEER. FEEFEELRAN Y R F#THE, H
WA TR TE, EELCERTERDIHSRA FENRG2ZE, ¥ ERGHTHEERE
XA P E AR X R AR BANT B WA T, EelHERAT AR
FAEEREREH@EFEE. BNALTEHT: GCChEE Lot F ik — R %E
SR, KB B ek B — R Bk b GIMPLE t bt 45 # . #EGIMPLE 2 b v 2 ~r % A 3 i
BEAFEREZ G, XaWHEidy — 3T KENRTL (Register Transfer Language) X,
W, & Ja A ERTLE % LR A,
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tl = a[i]l[j+2] tl =3 + 2 rl = [fp — 4]
t2 =1 * 20 r2 = rl + 2
t3 = tl + t2 r3 = [fp - 8]
t4 = 4 * t3 rd = r3 * 20
t5 = addr a r5 = rd + r2
te = t5 + t4 ré = 4 * r5
t7 = *te6 r7 = fp - 216
fl = [r7 + ré6]

E4. = AR R R R

BATFH AT o A X AT X WA L P B RBHAT K A F BRI
W b, RO ERGS T =%

1) WERYEHARE (High-level IREHIR) : b B RBEILT R HERG AT E
B, BREERGERIET RN, RETAOBEHA. BHENNIFES WHE. FERFHE
R HAEGFRORRBOER, FEZERERNERBERNF ARG &ERFEREDH
WH T 3T X ¥4 (Dependence Analysis) FrffB#4T. #A1F7 % % #Java bytecode.
Python .pyc bytecode PA % B #1 £ A /% 3 % /72 (WLLVM IR#( B T 75 2 %K IR,

2) HEXR P HRE (Medium-level IREMIR) : AN EKRE F ERDER R LN TR
BEMERETZHE, CRAATIFEERIET W — AN, SUTUR T B KRRIES
MR, R dTMIRE XA, IR FAE I — . EXMERE, REMIE
HEEBEMHREEHAT R, BHAGTROCEHEMN At FRERE. BEOAR
B H0 R B Y A A

3) KERFEHARE (Low-level IRKLIR) : KERFERE L BiriE T FF 8L, ©E
REWEM LT REMAFFHENATELE. FLLE, LIRFPHABREGMEFFES FHE
ABRGHREE ——XNEERR, WERATE, —HZ iR E TSR FERE TR
W E%. wE4RZ WRTLA B T — M % 22 iy K B KIR.

KlaZa i 7 — A5 i AR [F o g o Z AP IR 8y B 7 (A& 2 & Kk A HIR. MIRFLIR)

MFTHRKAE, BAXT A ERD Y kAT =%

1) E# ¢ ERKRE (Graphical IR) : x XA & B R MANETFHEEHKNE —K
Ad, g sfd Tz RALRGEL. B TERTIALE - R BARNLERA, ANE
AfE R BRI E, FlR RN ERIFE (DAG) . —NSA SR P a6 T 5 2 &
&M (Abstract Syntax Trees{AST) . #LBEEM P4 £ TIEEM EFLEWLE &, Wi
NEFWIESEEUN—HEmEESHR LI K. EERP RS HFHGCCH fr

N
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Target Op Argl Arg2 t - >—<’P‘ ‘ t1 ‘ — | 2 | ‘
w2 i B R N é/\te\~|b| |
s B EICIEN CAEY
ts % t, t, [—

W e e Eapu I E NI [l ]
SR BT s A s B PR Y

) T
(a) Simple array (b) Array of pointers (¢) Linked list

E5. & & MIRE = Ff A B E A o

J W GIMPLE, X % o [a] R A & A R (E AL S — R, 5 H 0 LR W a A% ER L
FAT 2 BT AR 77 R DA 1 3L o 9 3R S AL

2) & ERE (Linear IR) : AWLEMWRDENNEET Z, AwRNEEEAN
CiEE. Javaigr 5 ML 4718 & FIEH GG Z Bt R &tk Ko (R7 UG Ab o 8] (R4 & 1 2
EMmEAt BN — MR, BMEHRANMEATRTHE. LREFHHR, Mok
RRGFRGZEHEERAAHEHMEREFNEE, X REERERRREL,

3) BAEAHEAKRE (Hybrid IR) : H4 &, REATHREGEEREEGTEALMETHA
oo KA, R LS G X A R R R A BB R B, AT DU R R
BRVF % 2ARS, N BRA LR FRT, G HZBRMERR, AR DU L3R o 36 54
AT, X7 DU sk & S 22 18] 9 42 ] 204 o

EER=F, REBZEBR ML FERD. BEALZRERFALHFERDHERENUT
LI RRFERA, B R 2R, WIReEFAHTURAEAY R ERG,
MR E KRG EXEAT S P ETEE, WELBUETRE THkits

422 $wEKRBHERT (&H)

SR =9, R i e — A X EE M AT AL — B E il B AT P AT R AR
BRI, BALRBAEBITHE RO -2, RIOKELEKET Nz LRDHATH
EWle. EimaBm ik e E kv ARG ERFIAAFY, F2BEFTE, BEA
—ANEIWITHE R EAF TP ERAITH H R BRRERFH P ERG 2PN F
H, AT RE R R LR A LR EFRELEMRZEREREFEEAT . RN TE
— M AW EPIRE LA T HATNE, K THPIRE LA T EATHEEKE T —H N4
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AT, AWREZIRKRGEE, HETORRR Y ENHARBHR. o FREA
YR A, RAVT R LR AN W R BE MR ET TN, WESHE.

o ES@Q) N — AN ABBERA, HAPWENTE (Bl —7) BE—FFHED.
FERBSHAHFRECSRABENE, hEERFRFR, FHARDHRATREIR, WA
RA WA LRI E BB A ESO) RN — AR, EREFHE T E
HAR— AP FRE, TR— 0T E R, BARARALANRDTH L TR,
Tt 75 o E5(a) g S AR H Tk AR T A (R i B B P 4. TEIS(0)R — AN K by 2L,
RN E S ST EVIEE SO P BTN DT L N RS
RHBTHRAMPAEE, TUBRTHRAEA. WRUTRREERE, FLLETEERD
AT B

B2 4 o 1 AR 70 B0 B3 4 M S -

1 typedef struct Operand * Operand;

2 struct Operand {

3 enum { VARIABLE, CONSTANT, ADDRESS, .. } kind;
4 union {

5 int var no;

6 int value;

-

8 }ou;

9 i

10

11 struct InterCode

12

13 enum { ASSIGN, ADD, SUB, MUL, .. } kind;

14 union {

15 struct { Operand right, left; } assign;

16 struct { Operand result, opl, op2; } binop;
17 -

18 }ou;

19 1}

A2, E5(a)F #y SLILT LLE K

InterCode codes[MAX LINE];

B 5(b) 7 #y LI AT UL F K :

InterCode* codes[MAX LINE];

E5(c) (W) LI LT HK:

struct InterCodes { InterCode code; struct InterCodes *prev, *next; };
ERITHHARIRE T HE, REAE —ATRGFHEATHE, REFEFTREGKind = H
TR B AR B4 RAT B 7T o 2 T 404, AT R H L&k E — Morfd 3, T4

U |} kiEF: <«Engineering a Compilery , #2}%, Keith D. CooperfiLinda Torczon%, Morgan Kaufmann
RAt, #2397, 20114 JKo
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ASSIGN

TEMP EXP

R

tl VAR CONST

v2 3
6. & KADL = v2 + #3 M KT
F, BATY A W & ok & DA —Awhilefd 2R 3 4 & finextR# A7 % K.

423 FEHRDBHERT (WH)

WMWIRE E LTI ARE R, EFABERLSAANLEZCEEXPVIR-—FEN. ML
WRAEAREROBA, EEEIMRG S EHB2WFERDEERE KBS, TEEIRTHK
5oy o B R U E A B Bl dm, o R R AL = v2 + #3F R A S A R R A A 6T R

BATET U B — A EREMA VIR, ELR—, KOG A N7 E TR,
ERFEMTG LW EFRITIEET RFEBNRIES; MAEXE, HPEMEFTUNEELZ—
BRIBER, CHAdNERFRITIEE N R RNGFEREG, FEEWEEAMLEAL, BXR=
R BT 6 R R R AN AR E R, AP EREFRRESRERITE a4
P v B

ZHBEMCEBIT A RIBER G EL, R TR Z M LA L RT. EM
wHA, MIRT ULEMEZ—ME T HRDEIEER (RWZIFER) , Bk K3 LE U
FRERMT EIBEMEFTEN. AT FEEAMHNER, TRPIRA FEKEH LM Gk
T, FawRAS B

MWIRE AT B LA VIRR R — b, ZEH XU T2 — RN 7B EN T ES 2
ANEFATHE R RFEARBIRSAT (REME) 87, RIE LT R kB & )T L&
MNTERHATIH . NFS—NAEE, MR E I T AIE B8 A 2 5200 = R 4 b 89 o 8]
RBZBEEEET— AR R & i, $HEPVIRE LG 24X % # 3 4Ral 2| 2 1R
B, TR AR IR X o8 5 e 48 )5 2 i i 4 4T o

424 BATHIFRAE
E-—MEFRARE, BFEIHEERTUARENG], @ ER (ERER. HATEH
w) , KRk, REAE, ARE, FARK, BHOAA, AREAFE, MASMEFUT
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‘A_rr[O] |Arr11] ‘A_rr[Z] | ‘Arr[nfl]|

K7 CIEEH — & HANHNFRTT o

n Arr[0] ‘Arr[l] |Arr[2] | o-o ‘Arr[n—l]

K8.Javait & # — 4 AW N FER T F Ro

HAERAT RN AERE . BRER, BFTAHRETHEREETELHEL SN, — i
R, 1k Rt 32bits H6dbits (i B . IEEESE & 8. M HARZH. REHI, DEHE
MR G E R L, FAREMEN AN BRA RN, WAL EN. BFIGTES E
WETHHNEEREE. CH/EEE. BERALEAS Y, NTLRF RN L4
R, A H AR o 57 7 BB A LA R BT M Y

EREFTHES AT UANEE. £ BREHLLMEERLEHOBA, X 7T i
EREMLE L AN R ERERE TR ETREEANRA, RESFHAFE L1 R0 85
RERTHM, RATEERG LRI AR, (5527 23547 5 20T U R — 7 71y 4
AR BB o AR B AR b, SR R — AR T L B o A AR
78 45 4R A 4 3B AT W3R (Runtime Environment) . 3247 M #5 5 HiE 5 HAFES
WEAMENE BHE, HTFEP A NRE MY HTE— A ER SRR, BT
EAHFHLBANERN LA REALRZ LR N RS M. ELREF, RITUNBE
EHE, WHENE—LEEEN (PR AFEHK) WEAFR. EEENZRITE, &1
& F fum B % AMIPSHR £ 440 T 8y 5 % B A4 UURCR A R By

B 35 % b #ychar. shortfrints % B — 4 & B4 B 50 K2 HLE Lo — 4. AA KA
%%, fifloatfrdoublest B Il 2 %f K 5| K2 Bl 2 b & 1A fn A\ F, 3 K B 45 LA i R
HEBREL . REFAE ALY, ERATURNATY (32bitsfAlE) HHN
AN (6AbitstiBLE) B HART, A E A A5 HFT A B0 A F

UER—BHBARNED, THRNEZE—SRANET. RABHETHAN TR
RCRMH (WAETHF) , R TE MR — A b R — Bk 4

U F B g B Jr 34 % B Stanford & B 45 5 R B R4
http://www.stanford.edu/class/archive/cs/cs143/cs143.1128/lectures/11/Slides11.pdf .
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First Past-end

E9.Dig & —f K4t & R 7 Ao

F10.CiE= o 5 B AW N FE R T F o

K1l.Javaiz & ¥ £ HE AN N TR T F Ko

K12, Sk i &7l

R R — B KT . Javatk 4i¥bytecode it #t A R B 4h—Fi A R, B K E
AL E (Pascal ¥ #ystring 26 B J 45t 2 X FERAFHY) , WESH R

FOEH—HERFTRANDIETRA: AR BRI R BAE M AR, —Mem k4
WAk, A-—NERHBANKRRZE, BAWFTAERFET A —BAFEZFY, WEIF
7R o

TUEH, TRRB—HEFFR, BRATEENFTRRESFMHN, XLYRRN THE
ARG ER (RFETEEM+RBE, RETEHT) . ZHEKATUFE—4%H
M, CRABIWERT B MARER —BESHNEFENE, WwEI0FR.

fiJavad G —EHAZ—MEr g, RS ERATHELE—RTLRE—R, I
K11 o

AR R G BA R, R L Ak R A AN S U SR R — R
#mstruct { int a; float b[2]; }4£ 1y #7 F #9 & 7~ 20 B 127 7 o

HATHY 23 = & R Arintfofloat i AF XA, WX AH RO REDRNFY, X457
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\l Byte ~
| 4 Bytes | | 8 Bytes |

B13. C—i& & A MR8 19 R 09 8RR

1 Byte ~

H14. C—iF 5 Ay A 7 o 0 E50 T Bl o

NPT ZH R WRC—EFFAFLCRENEBFEX S WAR? Fldn, struct { int a
char b; double ¢; }3x AR 72 P 75 o B i An 13 FF R B Rk R 7 A2

BERERT L. WmREARATeE, GCCRLKEMEKF WA FE FiL F. Hit#Echar b
Fudouble ¢ |8 & A 357ty & B BN 4, WwET4P o

X86F & 1 E B T AT, EMIPST &N ERiF, RERMNEEEEN.

REHRNELTE - TR R KRR, ERAREHRNFERT - RANRE
T, AEREBHGAND I SHEE. YRHREFERNE. REFTHFEIAYT. REHE
E sk g, AR —TAEY, RNFEAZNEMAEELLAH T BB RET
K, TR S fE B 2 ARt AR 7 W BIE S (Activation Record) o A & i 3510 % 4 % # 1R
HFEKLE, SO EENBEA M (Stack Frame) o7& 318 5% 8 2 30 & 4 47 32 4T B 20 IR0 1
EH, HER MBS CERKBWIIRG, XERFREEAAGTFHE —RERK £
B=ZFRNHAFEROEH LT AWTELL, RFEEN N NS A G FCALLE 4
B, EEERGE, BHAKEMERELNSREE, FEICKAPENEMBERRA T HA
A (Call by Reference) 4 #thi# 77 X, dF&# % EZHEWFA (Call by Value) .

425 BWEER (EA%KZR)

LR ZWESRA L, RRFRABE SR £ E R, &5 P R R
RATE R T P ERD R T R RN B EZ BT T, AT EMA s A
B TR AR R R

SRR R R R B e — AN R, % R IE R A A
WILEE, BT AR R B P E R, R AT, TRREHAEREEEBTER - FR
MEARIAWTL: FxHS®E (SDT) « LHRIARG L, RNTUNENEEHFHET
X7 HPCTHAE BB BIIE @ 4K “translate X", x{iE s By 3k ARk R K 6 S 1A AR
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K2 EAGRE AW WIFE A

return [place := variable.name]

translate Exp (Exp, sym table, place) = case Exp of
INT value = get value (INT)
return [place := #value]?
D variable = lookup(sym table, ID)

Exp: ASSIGNOP Exp,? | Ct — new_temp()

(Expy — ID)

return codel + code?

code2 = [variable.name := tl] +% [place

variable = lookup(sym table, Exp;.ID)

codel = translate Exp(Exp», sym table, tl)

:= variable.name]

tl = new_temp ()
t2 = new_temp ()

Exp: PLUS Exp;

codel = translate Exp(Expi, sym table, tl)
code2 = translate Exp (Expz, sym table, t2)

Expi1 OR Exp2

code3 = [place := tl + t2]
return codel + code2 + code3
tl = new_temp()
codel = translate Exp(Ex sym table, tl
MINUS Exp; _Exp (Expy, sym_ r t1)
code2 = [place := #0 - t1]
return codel + code?
Exp: RELOP Exp: labell = new label ()
label2 = new label ()
NOT Exp: code0 = [place := #0]
Exp: AND Exp: codel = translate Cond(Exp, labell, label2, sym table)
code2 = [LABEL labell] + [place := #1]

return code0 + codel + code2 + [LABEL label2]

AR, G CMIEEEMM N T E RN EE ER , TERN—
BB R AR EE AR AT . R ARG A RA LK E,

BRETERMNNEN T AH TR, EZ0BEE WL,
KA ENE T AN EMRL I 4

2P\ T 5 Rk KA KBy — e M8 BF AR Ko (B R ATA E Fitranslate_Exp(),

i

A

WA LA EF

T

Z=ABH BEM ML KExp. £ 5 ksym_tablel & —/N& & 4 place, Jf3R F —BUEEAM
LA R KA TG R AR R (o — A0 W b R KR e 4e4h) o
Vi % TUEXp BT R R 09 7= A R, AT £ R B B o [ R

1) I RExp/ £ T —MEHINT, A2 HANAFEH H A\ place X & WA A& 7 & w £ —

A7 B R BB B T

U RSO R R T B R R — O ik, R Ak (Bl R E) LR R BEES,

B AR 3 B T AN AR IR A ST %
Zmﬁ%%%ﬁﬁmwgif%% A By o R R

ix EExpty TAr R &k K 4 7= £ A Exp - Exp ASSIGNOP Exp# % X & & H I 6y Exp.

BT TEEZE, AT ERSEER .
86
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3. 1B BEH R

translate Stmt(Stmt, sym table) = case Stmt of
Exp SEMI return translate Exp (Exp, sym table, NULL)
CompSt return translate CompSt (CompSt, sym table)
tl = new_temp ()

codel = translate Exp(Exp, sym table, tl)

code2 = [RETURN t1]

return codel + code2

labell = new label ()

label2 = new label ()

IF LP Exp RP Stmt, codel = translate Cond(Exp, labell, label2, sym table)

code2 = translate Stmt (Stmt;, sym table)

return codel + [LABEL labell] + code2 + [LABEL label2]

labell = new label ()

label2 = new label ()

label3 = new label ()

IF LP Exp RP Stmt; codel = translate Cond(Exp, labell, label2, sym table)
ELSE Stmt, code2 = translate Stmt (Stmt;, sym table)

code3 = translate Stmt (Stmt;, sym table)

return codel + [LABEL labell] + code2 + [GOTO label3]
+ [LABEL label2] + code3 + [LABEL label3]

labell = new label ()

label2 = new label ()

label3 = new label ()

WHILE LP Exp RP Stmt; codel = translate Cond(Exp, label2, label3, sym table)

code?2 = translate Stmt (Stmt;, sym table)

return [LABEL labell] + codel + [LABEL label2] + code2
+ [GOTO labell] + [LABEL label3]

RETURN Exp SEMI

2) i RExp/™ £ T —MFRFID, A2 HATR FE R A\ #place R & W E & IDx 5 #y &
A (L EXRNFRRDEHLT) BT,

3) 4w R Exp /= 4 7 tfH % 3 R Expl ASSIGNOP Exp2, i F 2 342 2|3 ff % £ {4 6y Expl
REZZMENZ— (EANREFFE KATCE T REWER RN ), T 24
SEMENMFERBAVEAEE TS, dex 2R H YExpl — ID# N Z 4] #47 #iF . RA
FEATETRKADANH R E, AFHEXp2#/THE (EHLEREFEERE ELLY)
Bl 0y B TIDFrxf f 8y & 8 oF K 45 R 7 Blplace, & 538 NI B4 o X W B A 4 0F
P )5 2 B B ¥ o

4) I RExp 4 T H Az H & ik XExpl PLUS Exp2, N5t Explatf7 #1F (25 4 K6k
HFEEHEELF) , BXEXp2#/T#iF (ZELERMBHFEEREERY) , REER—F
8] X D place :=t1+1t2, JF4& NI BFH oy x = BeR A & F 53R 1B B W] o R 26 L oy A R AN
AT DL R TRk A bRk Rk R AT EF
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R4 AR K #EAR K

translate Cond(Exp, label true, label false, sym table) = case Exp of
tl = new_temp ()
t2 = new_temp ()
codel = translate Exp (Ex sym table, tl
Exp:; RELOP _Exp (Expr, sym_ r t1)

code2 = translate Exp(Exp:, sym table, t2)

Exp2
op = get relop(RELOP);
code3 = [IF tl op t2 GOTO label true]
return codel + codeZ + code3 + [GOTO label false]
NOT Exp: return translate Cond(Exp:, label false, label true, sym table)

labell = new label ()

codel = translate Cond(Exp:, labell, label false, sym table)
code2 = translate Cond(Exp;, label true, label false, sym table)
return codel + [LABEL labell] + code2

labell = new label ()

codel = translate Cond(Exp:, label true, labell, sym table)

Expi1 AND Exp:2

EXp1 OR Esz
code2 = translate Cond(Expz, label true, label false, sym table)

return codel + [LABEL labell] + code2
tl = new temp ()

codel = translate Exp(Exp, sym table, tl)
code2 = [IF tl != #0 GOTO label true]
return codel + code2 + [GOTO label false]

(other cases)

5) 4 RExp /£ T B fi ik AMINUS Expl, & Expl#tiT#iF (ZHERMEHFER
WAL ELE) , A R—4 5 E RS place = #0 — tL M T LI A LR 1, 5 J5 1 B 4F B9 1 7 Bt
KA IFJE R o KB WA R AT LU 46 5 %k R AT |iF .

6) WRExp™ & 7 £ MREA (B 5. & FEEURRBREEHRLER) , HMN2
i Fl translate_Cond & #{ #£ 17 (K ¥) BF. WREHRERXNY R, 2 AHplaceEl; &
W, HEWMEO. BT HABXREANHEFTREREEFTAR, KRFHFRAAHRA
translate_CondiZ #nf L3, *X — @ HAVE 5 @B

426 BWEHERX (EH)

C—WiZaafEREREN. BE1EH. REEA. kB EAREREE, ©O16BFH
EW R )

R e 2, Rk ZifiE G Ewhileifaq, KW 7L o BEE KL AR

HSERATRAEBIF A AR R F B R & R Bk #1154, translate_Cond & % fi 5 1 4 1F

Rk R#ATEF, EBFERRITIT

HTAURERNEE, RALCELTRAWERHTNE, AHESEAAXHALE
FREL, T3, RAVRAGEHEAXWEMAR. FREREE: RATE R0 R H A
label_truefulabel_falsefk J 4k A B 1 (W %5 %) #ATHAE, EXMHRLTE L RNELH
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5. B BOH A8 BIFER .

translate Exp (Exp, sym table, place) = case Exp of
function = lookup(sym table, ID)
ID LP RP if (function.name == “read”) return [READ place]
return [place := CALL function.name]

function = lookup(sym table, ID)
arg list = NULL
codel = translate Args(Args, sym table, arg list)

ID LP Args RP if (function.name == “write”) return codel + [WRITE arg list[1l]]
+ [place := #0]
for i = 1 to length(arg list) code2 = code2 + [ARG arg list[i]]
return codel + code2 + [place := CALL function.name]

*6. B 5B EIFHE R

translate Args(Args, sym table, arg list) = case Args of
tl = new temp ()
- codel = translate Exp (Exp, sym table, tl)
Xp - -

arg list = tl + arg list
return codel

tl = new temp ()

codel = translate Exp(Exp, sym table, tl)

Exp COMMA Args: arg list = tl + arg list

code2 = translate Args(Args;, sym table, arg list)
return codel + code2

FEARANHEEREI )TN, RFHEFHCENRGE AN ERLTSHEE T, HEHALE
o FriEEE, R A T label truefrlabel falseff Jy 44 B M AL BB F UL, W & X W A AL 3B
77 A XA o

42.7 BWEEX (BEHAA)

W HOR R BiE R R TExp ST ORE, BN, AT EERBAARERARNFELER
Ftranslate_Exp, &5

BT ERERFAET AT ERFKA M B Freadfowrite, # L BATAF T R &K 5
D3 B2 Y 6 4k 4 B Al B8 Ak BB SO0 D, TR B 32 56 U BT i K4 & A read S write.
78 2 deread frwritetly 4 2 M B 5T =, KA1 F % 8 translate_Args i T L 4
B RADBNE K, P ARG B BB X R B Il Y AL & 7 Skarg_list. translate_Args#y SEHL Ak
67 7

428 #WMEFERX (H458H8%)
C—ETMRALARNN ZEREENCAE. RAFEHETRA T —HRETEN — AL
T, THENBATEXRENENEN BT EEZN AN EAFHINEE, D=48A50, &
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%A # dint array[7][8][9], # T ¥ [} £k 41 7 F array(3][4][5], #A1# % F E &K 2| = % # dlar-
ray#y ik (E xR Earray FOMIE N E[) , A E K E| = 4% H 4larray[3] 8y wd ik (array iy
Mk Am B3N Z e Aty RN (8 x9) HRMintk ey 5 E4) , ABERE — %K 4ar-
ray[3][4]#9 & Hidk (array[3] eyt m LAV —EH At KN (9) FHRUIntR A o FZ4)
% J& 1 2| % Harray([3][4][5] 89 Hudk (array[3][4]89 Mk o E5 Dlintk A By 5 2 4) o EAER
TR URTFN:

ADDR(array[i][j][k]) = ADDR(array) + Yz} SIZEOF (array[t]) +
Y SIZEOF (array[i][t]) + X¥=d SIZEOF (array[i][j][).

ERRE ) B ERERANFR.

SRR T 1E] O R G B AR K e Bl A, BAR T [E] S5 A fstruct { int x[10]; int y, z; }
st iz, BTG AERE L Esthy wibdk, REREstfEzly &bt (stohddkfn b A xey
KN (4 x10) o EEHyo TEL) o RATT LUHE— MBS MK E R — MDA T
FW B4, vH M ERANFREEET, M EHANENTEN KD EAH
Bl ey, T Re AR /N R — . HMtiE H R URR A

ADDR(st. field,) = ADDR(st) + Y- SIZEOF(st. field,).

Kk Ao b m A MRy it E H SRR T R AENF. B BRATH — NG5
W, ZEMERGENTEREL, AT AN RATHENTE, BNFEEREZHAE
RPN E IR XN A EIE, AEERERANTHREMLZ TR RZ, WRK
M —NR4, ZRANENTEBRENE. AT TREMNATENENE, RNFEL
WA TR EMEG FWEMEK, BRESHTEIRETEANAR. M MR E—F
BRESHZ, BMNEIRFH R oA A8 P2 WG R EW LR RN, BEREAF
FHHE. WmRFHE, SFHRBNETERNEREFENNFTF. S48, ERFEF R
FEZED ZRMITE, mRENETHCFEEX LRI E I R—K, HLREH
FERGERERLSFE - ENRE.

BUAF BN BFER, WA CIEEZRTHHIFEABMNELAEEH,

429 ¥ EREDEKRET

Ehe = FREARA LI iy Al b TR R DU SEI = B9 E AT B 40 A e o T RAD R
WIW A, B4RFET L~ #ATIE R E — 3 & R AR 8 DU X T B R A ke B
HABRGE — gy Xtrd, X T Tat@dz FHERTEREG. WH2ik
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THRBEBRET L, FHALRNEFEEI ST — b,

WETEBERTHERGERZE, T—FRELAFERDGHHEFELEN RFES —
ARPIMUAEER—FPRRDGUMERHUAHLEENEIN) , REHEHEEANEXRE
5 BB R b ERAITHE K. TRZEEREBTE - MUIREF, A NIRRT
o R A B B T AR — BRI AT R, KB R AR B8y R UL E A S
MK—T, UWHRECHBEEN TR BN ET T BETERTRZE, BAEHT
T B

BTRNESZRETAN BN EFEA TR — 27 Wtranslate i . RN CELHT
ExpfuStmtehy 8iF# X, (RAFES REHEHA . S0K. A5 8MEE . TEWH L.
% 3% % . CompSt. %% # L StmtList7E iy B R R FERECH R AE LT EHF K
%, ZFEEWN—AET R ERENE/N L8 L Mranslate K6 E &, wREET, HLE
R AL I B R0 45 iF % B R H F F i translate i 4k, 2% & 33X tetranslate @ K #E4T
B, A EWRE G . wR%EE, ik G X Kranslate & % 1 3 # place & H
REAMLA, BLAEWKRLERERN ZEHFE NG WRIA T KT Frftranslate s #, It
VAR &R ARG TR BA B TR GRS, BLERZWERRZL S ERT . #
WEZXESZFLRMNRAARE RN G ES, WRAATHERFERHAE

TR, R WAL/NE JF R DA B R A IE A O AR B R B R0 4 1F A BT 8 o DR R

bl

91



