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1.1 WAL E WH[T T Y XA

A H., BEX RSB CEIERARFE A W CHERO K& 2B L2 FERM TR < Z L AAK
DHNTWS, BRI EIE LTIIKRDO LI RO H 5,

(1) &%, et 5, fximmeELs:

(2) FHiim & FHES

(3) BEEAEFRMA S & ELIE

(4) W%, B, 7 ARSI, BET 1%, EAEOAK., BIEOME, MizoE
F Ak

(6) EF, ANH Dl & Bt OET L

(6) KIkm7exg LBREDET UL

B RSN E L R 5 OMOISH & LT, WERE., BRFEORHE, B SRR,
HIET, MZEEDOT AN, JRA - - T IR PR EOREY I 2L —vay, B R
T I A REWET — 2 X—2OEH | FERHE ek, AW EFHBEEOEERA & —
Tz — AR ENDD,

AHEHEZ R LI -00 ke LTI HERED BV et v 3 (Processoer) & AV 5
P & D WIXIEFIALEE(Parallel Processing) 17 9 D 2 180 NEx Hivh, T, 7 rtk
yHIEEEICERLIN., FREREEORR LW ENKLETFTONTEZ, LinL, BZE
O EE DY 3.0x108 m/sec TH D &V H MFRIHKIIC L 0 Z DA b < &b b &
HIZEETRLTWS, —F, WHLERIZIZZ D X 9 RIRFUIAREICHEELRY, 20
72, WAHBLEZ % L CRE 2N TE LN TV D,

WHLEL & X, o HREZ RSB, TOEZ LV /NS WEEOHSEICSEI L, %
DESEEZ GO 7 ot v 0 L T A ThH 5, WHIMEREZITH) Z &Ik,
H—D7 oty L FRAE LY b EEICHEEMS 2 N TE, oL 0B
MRS Z LSk S, Fio, WHNERIZIIRIZET 2 L2 2F8b H 5,

(1) Z< OREICx L CIEFIORED TR T BRTH D,

(2) EF, FHEMSE O & A ARBMIC TR ->TEY, 2HO7 vty E2HN
T HIFREEY 5 < 7o TN D,

(3) AHNELCIX, RIEEZIIMEY 7 A2 Ok b#E L7-WIT7T —%7 7 F v %
ESZ ENARETH D,

LU, WHLERZAT 9 72 0I12iX, ey FRIOT—Z D0 RCAEY ~DT 7
A, Faty FEORE, WHIRAORBELERERITRBR, 207D, (ERD
BRI THWWONTELLZRT VY A LEEOE FIWHILEICHWND Z LT TE T,
WHIBRR A O 7 L3 Y X A 720587 L2 Y X A(Parallel Algorithm) 23 38 & 7¢



E)o
1.2 WHE-B

BEOT o v EED, WAL 21T 2 5 5N 55 B (Parallel Computer) ©
H5, WHEFHEKT, 2To7arydnE@E L7 AT VI L TRAEE 21TV, 7'
o HEOBEIZATY 28 L CTT ) HH A€ U AN SIG R (Shared Memory Parallel
Computer) . TN 7oty RFETAETY 286, Vet vy PHOBEIZ. R

NU— 2 %38 U AT 9 ik A € U AN S H A (Distributed Memory Parallel Computer)
IR EN D, AAEVRERETI T ety PR OBEZSHICIT) 2N TE, 7'
Ty YRITORBLEID Bz, BEBIOEMICHND 2 A FERIcETIcE#E bz
BHZENTED, =, ey FHOBIMIIEN, 1 SOIFGAEVIZETOT nE
P EBRSZEEFREEL 0D, ZokD, BliE, T rt v OO IESIGHER Tl
AEVHRNRFERERS TS, o, EEOHEKEZ R Y NV —27 TEX 28K E2 )
R FHEEE LTS 7 7 A X (Cluster) LEEC 27 Y R(Grid) ZLBE & 8 A < ATt TV
Do

1.3 WHIFHHEET NV

WHI T T X LORFBLOVZEOHAEZOFFMIZEE < O 4 PRAM(Parallel
Random Access Machine) |- C{1hoi 5,

PRAM (I3A A€ VRWHIFRET L CTH Y, HEMD., AT T 7 EAMG5, K
T ETOMENZEOBEIIZERE 1 BARE TIThNns . 1 e EICFRBAI OIS,
HWEDIAR MPR—UPRE LR, FORENRIT LNZEENRET L THDH, PRAM i
{2 OFEIC L 2 FATRFH OFEWCHE ORI O 2 2 2B L7 Bt T L CTh b7
. PRAM ETIE7 /03 Y X LADOREHB L OFHI A LIRS 2ATO 2N TE D, Lo
L. KHEZR 7 oty B To AT Y OG0, BECEBOm# I3k~ 72 R-ED &
57, PRAM HIROETIIKNEETH 5,

1.4 PRAM ¥ =2 L—4%

PRAM H{EDEBIINEETH 57-, PRAM 7L 3 U X ADEYME X OWMHEAE
FEBRINCRHI T 5 DIXE S TR, ZD7H, PRAM 7 /L= U X ADEERA 725 A 21T
9 722 PRAM o 2 = L— % (PRAM Simulater) X3 L 72 5,

PRAM ¥R = L—#%, E#kSiETHH PRAM AIHSiELZ KL SETH D57 &
VT ITINWCEMT D PRAM 2234 Z L WHIT T T %3FEITTH VPSM(Virtual
Parallel Stack Machine)f > % 7' Z/n5Hk b,

AWF9ETlIE, JAVAEEZHWTPRAM V=2 L—F%DO—5ThHDH PRAM 22 /31 Z
DOFEFHZIT O, AWFETREF L7 PRAM =234 7%, PRAM HA¥HEETEINT



BT T LEWHNT 7T 70T MNIERT LN TED, WIT 7T 7w s
L& VPSM A X2 7Y X THEITTHZ LI2L Y, PRAM HiFSIEiE7 v 7 F A% PRAM
ECEfESEGA OB L OFATRIM A CE, PRAM 7 V2 Y X ADEHHE &% 3
BROICE S D5 2 &N TE B X H 1Tk b,

1.5 A EEDOHEK

R EZOERZ UL FIZk )5,
H2ETIZ. PRAM I 2L —2BINa [ FxEHRTH,
3 ETIE. AFETER L7 PRAM =22 %A F2HOWNWTIRAR A,

H4FTIE, PRAM V2 2 L— ¥ DRGEEIT O, £72, Zb 2 ATV D007\
TINEAEITTHZEICED ., (ERLTZa o 3 OS2 MEET 5, 7=, fn
HET 07T AEA, PRAM AWAEGE 71 77 5% PRAM ECEIESE-HE0
FATHRERI S L OGHEEZFHHI L, BEEmiE & ik 5,

55 BT, B4 B THIAEREZE E 2 T PRAM A5 53ER8 LU PRAM & X = L—
Z DOMEReZ BET D,

FBOETIH, AREEDOELOEIRRS,

F 72 FHEk 112 PRAM HFAISREO SCEE (k2 IZPRAM 2281 70 75 bk,
(k3 I nflOT—XOMEE T v 7T Ak RT,



2.1 PRAM?

Il@io BHEOTe bR AT A Lo Ea— X 2 AE Y RIEE
H % (Shared Memory Parallel Computer) & FES, (REFEM R WSIFHEET L TH D
PRAM(Parallel Random Access Machine)|Z3t6 2 & Y RN HEHEM A FhSiL LT L

TH D,
P, |«
« >
Ps Shared
Memory
Pp |+

B 1 $F A Y BNEIEERE

PRAM |[Z3F AE Y 2R SN plHOT vt oY, AT LT Y XA
@£ﬁ¢ p EOT oty FIIANT =2 OFAM L, FREROFRATZ L, BIOES
AH REFEROZFBZ AL EZT DO, WHEAEVIZT 78 AT 5, PRAMK& 7 1ty
Al \AﬁX%)L®Ee®u% %5%%)tw IR LT 1 B C 7 — & O E
INTE, L TOEEIT 1 BRI TITR) 2R TEXHEMESIN TS, T2, 1
HALRFRE Z e o ety b CTREIN E Db E2RHET L TH 5,

BEOT oy PICIDRBRDNMNEBDO AT BAL~DT 7 EZAZKLTFETOT 2k
Y NHBICHAEX ZITR Y ZENTED, —J, o7 ety iz X bR—/L~
DT 7B AZONTIIENE EDUET 50T KD PRAM LTI D 4 D255 IS5,

(1) EREW(Exclusive-Read Exclusive-Write) PRAM HEfLHE 7+ H L Pl E: & A 7
AEFVNLEST 7 BRI TH D, ED 2507 vty HE L AT UALED
OIFRIRFIZEEAM LT D EBEIAATLD TE 720,

(2) CREW(Concurrent-Read Exclusive-Write) PRAM [r] 55t 7~ H U Hlfth 3 X A 7
O oty URFERFICFE T AT VALEPDGART Z LN TE L0, EEIAL
DOHERITHITH O, ED 2 207 at v HECAE U EICFERFICEZ AT
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ZEETE RN,

(3) ERCW(Exclusive-Read Concurrent-Write) PRAM HEMFE A H U [R]HFE X A 2
HEO 7y P NRFERHCFE C AT IV MEICEZIATLZ ENTEX L0, aiAH LI
P TH B,

(4) CRCW(Concurrent-Read Concurren-Write) PRAM [F]HF 5t A0 A Fx [G] pE & JA
BEDOTatr vy AR C AT VME~ORREHAL L, FRFEZAALZPED S
nTnsg

S 512, CRCW PRAM (Z[FIIFE &AL DM T O D BRO LB SETLL T O 3 FlIZ 5048
S5,
() A (Priority) CRCW PRAM
[FIRFE AL N Z o 2K, e BELIEM A Em WS O E AR T 5,
(i) fEE% (Arbitrary) CRCW PRAM
RIRFE X IALNE Z o 72K, END—DONEZIARITEIIT 5,
(i) @A (Common) CRCW PRAM
AR E AN Z o 72 R;, 2 THARUEAZEZIAS 9 & LRI L, ZOfh
T=7—¢&35,

2.2 PRAM VX =2 —4

PRAM ¥ X = L—# (X PRAM EToOWH T LT XLDFETEI 2L —FL, ZOD
FATRER L M LB X OFETRM 25l 2 e Fr> 7' m 77 A ThH D, PRAM X =

— A I T D 4 EENLRD.

(1) PRAM HiIF5I55E

Q) Whrrr77

(3) PRAM =1 /3A 5

(4) VPSM(Virtual Parallel Stack Machine)f > % 71 #

PRAM HiFFIEEIL, JAVA X° C E DO @SS REICW I AT 5 T2 o DmE a2 12 b
DOTHY WHNT &7 Z3WFER AT S o OmaZ M7 877 Thb, PRAM
a2 34 7%, PRAM SIS RECrtadb SN=7 a7 7 2x2WH 7T 7770 7 F AiC
BT D307 THY, VPSM A X7V X3WH T 7 770 s T AEeFRITT
HAUHE TN ETHD, K212 PRAM ¥ 2 2 L—HX DEITOFNERT,

2 —HT PRAM HIEHIE53E% HWC PRAM HIAIEFET V3 X A%k 4 5, KRIC
PRAM SIS FET v 7T 5% PRAM 2084 2 HWCIH T v 7T 70 7T A
L, VPSM A Z 7V X HWNCHSNT v 7T 70 s T AEeFiTT 5,



[PRAM RSN EETw T 7 A]

y

A
A

4

[ WHI TR T ]

A4

VPSM A 27

2 PRAM ' =2 L—Z |2 X AEITOHRN

2.3 AL AT D

g R, Z X, mkU#ESEE(high level programming language) TE -7 1 7T A
. RN EB AR AANERT AR ATH D, ZOEHE a3 /I/(compﬂe)i
720E, B & v ), KREBRCHEH L7z PRAM 22231 T OHEAMEE # X 3 (2R d, 222X
A4 7 OWELERX, X3 DX 9727 = — X(phase) THIT HiLD, LLTIZ 2231 T DAL
ZIRT,

==/
FRIFENT
* o
HE STHEAT AL
25 H
155 E
- HIF R
o— RAR
EES A=A N

3 =g T OEAES
-6-



FEERCa A TR L LD & T2 8. FIAEREL BRNSHEOMENEEICERI N
TWOHRENGH L, £7 . FESHEOMEERELZHAT S, a1 7 ~OANTLFHNTH
HDT, a2 7%, £, XFFINIELWTTH D0 E T, XofEZ ke L<
T bR, ZOEDICHERFAEEL, F2idv ¥ 7 A(Syntax) L9, F7-4%
TR SR WER L. HFI I (Contextual Constraint) & L CHNZEZR S5, (IR
AL FF A0 E R # (Static Semantics) E N A Z 6 H 5, )

ATIDBFIREFEDOIE LWL THD Z ERbmiuE, WICEFDOINED X I RFETEHFEL
TWVWDBDONRDONLRL TR LR, TOH5EZ FEEOSEOEWGR. 7213, B
7 4 7 A(Semantics) &\ 9,

HISFEOHRR b BRIZ T b D, BNEENRT 7 U SFEO%LEICIE, M
TOEy hRF = R=—F=y 7 I, BLTHESND, mBOEWKIL, VIR FiHE
FZBL(RTL, Register Transfer Language)72 & CTER S TWD Z ERLV, T IUTHEMGED
BEFITLIEE XL, VYRR EREMTEDOL )T —ZBPBET o0& L7z
DT D,

B, JIREREOHL, 2 TORROT-DIZ, FEL OIS TR TS T
ENZV, KMEETIE., b E2~7 e XMacro Syntax), ~ A 7 14 X (Micro
Syntax) EFES, ~A 7 vfESCIX, 70V T AELTHIE AR LT, TA), ElRiEh—27 v
(Token) & FEIZIN D 70 7T A aMERT DR BER O L EAFEL TNDLHDTH D,
UUTICREHB LR LB OMEREZ IR RS, o, 2014 DR EEKE T =— XL D
K2 4 12T,

a2 5 DR a2 R4 T ONEEE
AR S FE DRk
3
<A 7 kX AR
<7 afEX 1 STRRMT
il iR E
HBS DR o — NAERL
3
BIR
Z DIEM DA ARV A
REH

K4 a4 7084k T72—X

# & Fl(table management, bookkeeping) DAk L. JfdE 7 1 7T A THW B T- 4 i
ARATBE, AR EOZDARNIAET HFRZEHRL TB 2L THDL, ZDIF



WEEHT D007 — X ik % Fl 757 (symbol table) &\ 9,

7R 0 AL (error handling)@ﬁ% X, FAE 7 0 7T ADESC AT S L Wi, By
WZHIFHAER N S DG E IO SN T, vl I<l8 52 %4 s@x423 5,



HIE EBRFE

31PRAM ¥ = b —%#

==5

3.1.1 PRAM 41555
T, ZDOET.KC05Y

AW T35 PRAM HIFAE5E1L. C JBA D The = B E558
W HALER % 4T 5 parallel T3 L ONETTOF ut v b &S 2 RTEHERSp 2276
IZERIND,

L2
DT 5, parallel XOIEITLLTFD L 9|

parallel ( expl, exp2, exp3) statement

expl. exp2i L exp3 ¥ int BLOFHME A K> TH U | statement |3 parallel L%
ZERMEEDXTH S, parallel LEFATTHE, Yoty &S expl 0D exp2 £ T
DEOTrY v YT expd BEDOT Y vV Porr, Powpriews Pexpriovexps > Pexpz
#%12#i< statement & FZFE(TT 5, F7=. statement FIZFFZRE % S$p &5k 5 & $p

FFETHTOT et vy PEEOELFFOLEEE LTREEND
PRAM FIWHIERET 0 7T Ak, ' at v Py OABRMBEEITTHERE— K&
parallel LIZ XV IEESNT-EHEO T vt vy b PmazFTTH2UWHE— KD 2 DDOE—

Rz&FF>, 7'v 77 ABRIRFFITZERE— R TH Y, parallel m45H D statement 133751
— R& LTETIN., ENLSOMBTITERE—RE LTIITIND,
RN AL CfE 92 PRAM HES O S % 7R~ 7,

3.2 WA T LTS

AWML TEREAT 25T ' 7 T3, MSEA R —% LEEH AT Kb S 2 8
MM CTHERIND, ZOEiEIE. KC05 SiEOHMNSHELE L THWLNE T BT T 0

nnwt/ MILLTFOMTEMA LD TH D,
PUSHP: 7oty hHFEiAmT, A4y 7IlmBmaFITL s ety o7 n
o ESEFHEANT D,
PARA @ WAILERBR ARG T, BIKTE— R DWSHIE— RITBATT 5,
BAL TG 2HOT —

WE— REATHIZ PARA B & Bt A T2
S dy,de VERY SN D, Z O LA,

dide 72 & v W Par, Pai+1, Parv2, ..

Paz SN 75 2 EATT %, WHIE



— FIZ PARA fi B & Gl M AN TE 6, FIT T — LD,

SYNC : F#ifs, WHle— RETHO vty HRITHREIZRY . ZRE— RIIB
1795, BWRE— FHIZ SYNC i3 & it AT E ., WAIE— RETHO
BTOTrE v H) SYNC maICEBET 5 & TEITZHWT 5, BTHOT R
T SYNC ICEIET S &, ZNURIT T mt v Po DA 5% FAT
T 5, BRE— FHIZSYNC B0 it A EN D & FATR= T — L 72 %,

3.3 PRAM =2 "1 Z

AWFFETIX, JAVA E55% T PRAM =2 31 T OFREH AT o T2, {18k 2 ITARMFZET
TERC L7 PRAM Z2 A T 70 7T KhERd,

3.3.1 PRAM = > /31 T ORERL
AT TIER LTz 2 >80 Z13, LR O 6725,
(1) FafENTE(Lexical Analyzer)
FRRNTER I R 7 1 7T Kk widr, e 5h)(Token) DINZ AT 5, F 7z,
FERIC 7 1 7T WDERICEE %2 5 2 72\ 22 4 (Tab), = A > h(Coment) % % #2475
X9
(2) HESCARHTH (Parser)

RS SCHRMTER ClE, SFAIDOF A S ICE L 5, Bz X, [234] & v 5 A OFIE,
A (Expression) & W9 — O DOETHEICE L O LN D, RULE D OFARLZDIEFND
SO & F LD BT (Statement) 3L S L D,

(3) fHIKIFZEE (Constraint Checker)

HIFRAEE ClL, 7077 LOESENORER E2 M L, SAECHE O
K U THEDIENDEZRHRD,

(4) =2— RAEREN(Code Generator)

O— RAERECIIMOEA XL —2 L7 RLAFART R 2 ffiifla— R Th b
WH 7' 7T a— ROEREITH,

-10-



3.3.2 PRAM =2 > XA T Of1kk

LU FIZARFZE CIER L7- PRAM =2 2281 T OfLEEZ 7”7,
(PRAM = > /31 Z OFEH FIE)
foo.pram Z PRAM H %7 /v TV XAFFEICE > TRt S 72 PRAM 7 /L2 U X A

T 5, UFDa<wy R&EFETT 5L, foo.pram N T o7 T I2E# S,
outputfile (ZH{ /1 415, outputfile ZE W L 7235515, OpCode.asm (ZH /) &

N5,

> java Pram [- option] foo.pram [outputfile]
foo.asm ZWHN 727 T2 Lo TRl SN/ PRAM 7 v F U XL $ 5, LLFD=
~ v R&F474 5L, PRAM 7/L3Y XAD PRAM ETOETHRYIaL—hEh
%, foo.asm #EME L7=HE1%. OpCode.asm Z A1 7 7 A& LTHEITT D,

> java VSM [- option] foo.asm

(PRAM 22> /3A T DA T v 3 )
PRAM = ™A ZITFATRRHICUL T OA T v a VEARETE 2,
d: PRAM =/ 3A T & T N7 E— RTIEITT D,
t: PRAM 22> /34 % F L AE— R THEITT 5,
n: PRAM AWAISEET 07T ADSET = v 7 OREITH,
0: AUNANBOWHN T v T T T T AEFKRT D,

v AN NRICERE EFTRT D,

-11-



4..1 PRAM = >34 5 DOIE Y M

ARFZETIE AER LT 2 o3 TOIES A RFET D720, W< OO PRAM 7' 75
LAEVERR L, TN IELLS a v XA VI ERAELTZ, LTI a7 T A6l &2 RT,

main () {
parallel (0, 10, 1)
writeint ($p);

o7 ae 7T A0, et o hES0ENHIOEDLIIED T ak v RETHFO T 1
Ty BEOMEEFOEEE L TUEIN, WHNCEITTHENI T s 7 L5 THD,
VPSMA v ZF V) ZHWCWE T v 7770l 7 02FIT7T5EUTFOLIICHAE
na,

012345678910

DI EORERNS | AFZE THYERR L7 PRAM =22 234 FIXIELL 230 )L &, WAL
BEINTRERPIHENTHZ 2R LT,

4.2 PRAM ¥ 2 = L— & DOHHE

ARKWFFEER LTy R 2 b= OIESMEZFHE 0 7T A2 AW TRIEEZIT 9, ML
W71 7T Axftek 31 L., MEFERAZFR 11577,

F1 MEHET0 ST L0OERTE-

AR R (1) EATRRE D
2 10497
4 5356
8 2807
16 1554
32 949
64 668
128 549

-12-



K 1I1E, 266 DT —F Tty PRELERIZREOFATRR ZFT > TR TH D, A
MRTHOLNTFATHRGEE 1 ZHR)NS T vty $ 5L FATRROBRZ R 720, 7 r
oy A < wlZ, FETRIA 2 y Rl LT 2 OBRE R LI T 72X 5 IR T, £k,
5 |ZEERR ML DM A 5| & AMFFETOFATRM] & ol U7z, AT & PR Ol % Hefge 3
DL, BEFELWRRTHD Z L2l Lic, ABFETIER L7CMEHR 7 0 7 F A3, IE
LLEEEZ LT D,

AWFFETIER L7 PRAM ¥ X = L—# OPEREIE, FE TR Z2FHIT& . PRAM 7 /v =
U XL O &2 FERICTHET 5 2 RN TE D,

100000
—e— E{TEER
- IERIE
10000 &\
SN\
- N
G
13
-
- ‘\'\\\\.\\
1000
100
1 10 100 1000

J0tyHH p(fE)

X 5 PRAM 2 =2 L—ZIC X AFEHE 1 /T LD FEITER

-13-



AHFETER L7 PRAM 2 " 2 WS 2 LI2X 0, PRAM VR 2 bL—# & LT

DORIKIBOBENNIME ATV I 2 —FE2EBTX5, LL, KL CTESR L7- PRAM H
WHIEFEIL C SR & R TEENH I WEEZE D, SUEOHIIRAAZ < | @& FH 2B
SiEL e oTWNWA,

5.1 PRAM ¥ = L— & Of%8E

Flo, AMFETHERLIZV I 2 b—FXFIANT7 7 A VELTERLT 4 L2 MUIZHD T
TANGDIH, M7 7ANVBELT 4 V7 MDD 7 7 ANLDHRBO LT,
ENHFOLT7 7 AN EABRELLED, ATTRCHNOBEIZMOT 4 V7 MU DNGR LT
DT HZ EITTERN,

5.2 PRAM Fit %538 DM 8E

ARFFETIER L 7= PRAM R SFE & 13 C JBO Tt X B SEEICTANNIRE 3 572D
o parallel ZMX7-bDOTHY , AN GHIXIEICEFHEEFRA—DLDOTHDL, L
L. AWFZECrERK L7z PRAM AFAISFEILESEPAA C S8 & X TRW =, BEic
KHG L TW W EOEWEFOE I KD, T ORMBEZ MRS 5 72 DIIIARNE TR
L 7= PRAM R S 5E O ISFLH 2[R D 5 72 DI0 k2 S HICE L TS MLERH D,

-14-



6.1 #55R

AR TiE, PRAM 7)Y X A%k TE 5 PRAM IS SRE0#EZE., &) PRAM
A EFE7 w77 50 PRAM ETOEEZY I 2 —FT&5¥ I 2 b—F 2/l L
72,

AL TIERR L7 2 2 L—Z X PRAM HWHISEEEWHI T2 7 ICAB LT, &6
IZ PRAM HFFIE550D PRAM EOEITREM AT 52 LN TE, PRAM v =2 L—#
& L COKRKROREN A T\ D, UL, AFZECTIER L7 PRAM HWSIS3EE C
SELHRNTHEEN/ T Z 2 VEEED, EOHIRNL L . BINFKHEANRNEEL 2> T
Wb, F7o. AR TIER L2y R 2 V—FXIIAI77AVELTERLCT 4 V27 FUIZ
DT FANGLDIH, HI177ANELTHLRERILT A VY NVICHD T 7 A V4 DIHRGR
Lz, ERENFL 7 7 AN EZBLIEELZY ., ANSLHDOBRIZMOT V27 b
MHESZMLTED T 52 LT TERNY,

A% OBE L L TiE PRAM HIEHISFEOEIGHEHITA 2 S HIZIAT 572012, KVHEREL,
ZOPLIk L7 PRAM HWAISFEICHINTED VL a L—F 2ET 5 Z ERE T oNn 5,

I, ATIRHIIOBRIZHIOT 4 L7 MU MWBRBTEAHL0ICT56Z 65860
5o

-15-



HiEE
W ETHI2H7=0, T3V XLOIEE SALFERIZ SN TE T, B0

O, HRESHEBE R ERERNIZRL LTWEE X AKREBFICIT, FICEGER L
FiFET, £72. R UMHEEOEIZITA L & BHEECRD, EEP L BT EI,
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D BERGE © WA EALELAMT | BREAE, Rt 1~5. (1998)

2) BEYUE ¢ WA BOLELAMT | SRR, . 39, 46, 48~50, (1998)
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ftéx 1 PRAM HIEFIE7EDIE
AWFFETIER L 72 PRAM HIEA S 55D ik 2 LT IR T,

<Program> : : = <Main_function>
<Main_function> : : = “main” “(“ “)” <Block>
<Block> : : = “{“ { <Var_decl> }{ <Statement> } “}

<Var_decl>:: = (“int” | “boolean”) NAME [“[“int “]”]

{“,” NAME [ cc[“ 1].'lt “]77 ] “’”

<Statement>: : = <If statement> | <While_statement> | <Assignment>
| <Writeint_statement> | <Writechar statement> | <Parallel statement>

| “{“ { <Statement> } “}” | “;”

<If statement> ::=“f" “(“ <Expression> “)” <Statement>

<While_statement> : : = “while” “(“ <Expression> “)” <Statement>
<Assignment> : : = <Lefthand_side> “=" <Expression> “”

<Writeint_statement> : : = “writeint” “(“ <Expression> “)” ”
<Writechar_statement> : : = “writechar” “(“ <Expression> “)” «;”
<Parallel_statement> : : = “paralle]” “(“ <Expression> <Expression>,

<Expression> “)” <Statement>

<Lefthand_side>: : = NAME | NAME “[“ <Expression> “]”

<Expression> : : = <Logical_term> { “| |” <Logical_term> }

<Logical_term> : : = <Logical_factor> { “&&” <Logical_factor> }

-18-



<Logical_factor> : : = <Arithmetic_expression>
| <Arithmetic_expression> “==" <Arithmetic_expression>

“' 1

rithmetic_expression rithmetic_expression

| <Arithmet ) > <Arithmet P >
| <Arithmetic_expression> “ <” <Arithmetic_expression>
| <Arithmetic_expression> “<=" <Arithmetic_expression>

| <Arithmetic_expression> “ > “<Arithmetic_expression>

| <Arithmetic_expression> “>=" <Arithmetic_expression>

<Arithmetic_expression> : : = <Arithmetic_term> { (“+” | ““) <Arithmetic_term>
<Arithmetic_term> : : = <Arithmetic_factor>{(“*“|“/ | “%”) <Arithmetic_factor>}
<Arithmetic_factor> : : = <Unsigned_factor> | “!“ <Arithmetic_factor>

| “-“ <Arithmetic_factor>
<Unsigned_factor>: : = NAME | NAME “[“ <Expression>"]" | INT | CHAR
| “$p” | “(“ <Expression> “)” | “readint” | “readchar” | “true”

| “false”
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f14% 2 PRAM 2234 5 Fua /5 A

AAFFETHWIZ PRAM 22 3 70 7T L LU RICRT , AR TR L7 e 75
DAFLLT DRER B RS o

(1) inputFile java

(2) Instraction.java

(3) InstractionSegment.java
(4) LexicalAnalyzer.java

(5) Operators.java

(6) Symbol.java

(7) Type.java

(8) Var.java

(9) VarTable.java

(10) Kc.java

/* InputFile. java */
import ioTools. *;

import java. io. *;

public class InputFile {

BufferedReader buffer; /% NI T 7 AINVDI/N> T 7 %/

String line; /¥ NJT7 7 A ND 1IT5 DLTH| */
int linenum; /% N7 7 A NDITES */

int columnnum; /% N7 7 A NVDOINEE */

char currentc; /% FEIRIANTEF */

char nextc; /% RIZFHEARATe L */
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Jk A A KNT 7 ZTliX, inputFileName W9 7 7 A LA &
FDT7 7 ANES% buffer THIRT 5. 7= linenum,
columnnum, currentc, nextc ZfJHH{LT 2 */

public InputFile(String inputFileName) {
buffer = Filelo. fRead (inputFileName) ;
linenum = 0;
columnnum = 0;
JINTIZ 7 AN B —ATaite
readInputFile () ;
[/ D—LFHZHAT, TOXF%E nexte (THMNT 5.

nextc =~ ;

nextChar () ;

//buffer B —ATHE7, LFINVER line IZEDITEMMT DAY v K.
public void readInputFile() {
try {
line = buffer. readLine () ;
} catch(IOException error_report) {
/¥ FUAHRT T —DHELTLSL, v v F LTSNV ERRL,
T7ANVERAL, WHREKT IED */
System. out. println(error_report) ;
closeFile();

System. exit (1) ;
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[INTTT 7 ANEHEDAY v R,
public void closeFile() {
try {
buffer. close() ;
} catch(IOException error_report) {
System. out. println(error_report) ;

System. exit (1) ;

[/RDILFaGHAY v R,
public char nextChar() {
if (Iine == null) { //7 7 A/VRICELLZL' Y0 2T
currentc = nextc;
nextc = "¥0';
return currentc;
} else if (columnnum >= line. length()) { //ATRIZELT-5 ¥n' ZiKT
readInputFile () ;
currentc = nextc;
nextc = ¥n' ;
linenum++;
columnnum = 0;
return currentc;
}else {//1@H OEME. JiATZ—3LF% nexte (ML, EOEZIRT.

currentc = nextc;
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nextc = line. charAt (columnnum) ;
columnnum++;

return currentc;

}

/* InputFile. java ZZ % T */

/* Instraction. java */

class Instraction implements Operators {

int operators; [k ARV —H %/
int operand; /¥ TR %/
boolean register; /% 7 KL AES %/

public Instraction(int i, int j) {
operator = i,
operand = j;

register = false;

public Instraction(int i) {
operator = i,
operand = —1;

register = false;
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public Instraction(int i, int j, boolean 1) {
operator = i,
operand = j;

register = r;

public Instraction(int i, boolean 1) {
operator = i,
operand = —1;

register = r;

public String toString() {
switch (operator) {
case PUSH:
case PUSHI:
case POP:
case BEQ:
case BNE:
case BLE:
case BLT:
case BGE:
case BGT:
case JUMP:
case CALL:

return opName () + “¥t” + operand + "¥t”;
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default:

[/ FRT U Ra—Raed T v R EH

return opName() + "¥t¥t”;

/% AT RafFoga */

Jx FRT U RERI WA */

public String opName() {

switch (operator) {

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

NOP:

ASSGN:

ADD:

ADDLHS:

SUB:

SUBLHS:

MUL:

MULLHS:

DIV:

DIVLHS:

MOD:

MODLHS

CSIGN:

AND:

OR:

NOT:

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

“NOP
”ASSGN
”ADD
” ADDLHS
”SUB
”SUBLHS
“MUL
“MULLHS
“DIV
“DIVLHS
“MOD
“MODLHS
“CSIGN
”AND
“OR

“NOT

-25-

” .

” .

” .

” .

” .

” .

” .

” .

” .

” .

” .

” .

” .

” .

” .

” .

// no operation
// assign
/] +

/] +=

/] =

/] ==

/] *

/] *=
i

/] /=

// %

// %=

// HIH-
// and

// or

// not



case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

XOR:
COMP:
COPY:
PUSH:
PUSHI :
POP:
REMOVE
LOAD:
INC:
DEC:
PREINC:
PREDEC:
POSTINC:
POSTDEC:
SETFR:
INCFR:
DECFR:
JUMP:
BEQ:
BNE:
BLT:
BLE:
BGT:
BGE:
CALL:

RET:

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

"XOR 7
“COMP 7
“COPY 7;
"PUSH 7
“PUSHI ”;
“POP 7
“REMOVE ”;
"LOAD 7
“INC 7
"DEC 7
“PREINC ”;
“PREDEC ”;
“POSTINC”;
“POSTDEC”;
"SETFR ”;
“INCFR 7;
"DECFR ”;
“JUMP 7
”BEQ 73
"BNE 7
"BLT 7
"BLE 7
"BGT 7
"BGE 7
"CALL 7;
"RET 7
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// exclusive or
// comp

// copy

// push

// push integer
// pop

// remove

// load

/] ++

/] ==

// i
// Wi
/] 1
// 1%

:

W[

-

-

=N

B
=
// set frame register
// inc frame register
// dec frame register
// jump
/] =1
/) 1=7
[/ <7
[/ <=7
/)7
[/ >=7
// call

// return



case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

INPUT:

INPUTC:

INPUTS:

OUTPUT:

OUTPUTC:

OUTPUTL:

OUTPUTS:

RAND:

HALT:

ASSGNS:

LOADS:

PARA:

SYNC:

PUSHP:

EOF:

default:

}

}

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

return

/% Instraction. java & ZF T */

/* InstractionSegment. java */

import ioTools.

import java. io.

”INPUT
”INPUTC
“INPUTS

“OUTPUT

7

”

7

” .

b

“OUTPUTC”;

“OUTPUTL” ;

“OUTPUTS”;

“RAND
"HALT
”ASSGNS
“LOADS
“PARA
”SYNC
“PUSHP
"EOF

“ERROR

*, //77A/NVAHETIH

*, /7 7 A VAT

import java.util.Vector; //*X7 ~/VH
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” .

7

”

7

”

7

”

7

”

b

// input integer

// input character
// input string

// output integer
// output character
// output line

// output string

// random

// halt

// assign string

// load stirng

// parallel

// syncronous

// push processor number
// end of file

// error



public class InstractionSegment implements Operators {
Vector iseg;
int isegPtr;

int size;

boolean debugSW;

public InstractionSegment (boolean dsw) {
iseg = new Vector();
isegPtr = 0;
size = 0;

debugSW = dsw;

// Iseg B &AL
public int appendCode (Instraction inst) {
if (size == isegPtr) {
if (debugSW) System. out.println(isegPtr+”: “+inst);
iseg. addElement (inst) ;
sizet+;
} else {
Instraction oldInst = ((Instraction) iseg.get (isegPtr));
if (debugSW) System. out.print(isegPtr+”: “+oldInst);
iseg. removeElementAt (isegPtr) ;
iseg. insertElementAt (inst, isegPtr);

if (debugSW) System. out.println(”-> “+inst);
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}
isegPtr++;

return isegPtr-1;

public int appendCode (int operator, int operand, boolean register) {
if (size == isegPtr) {

Instraction inst = new Instraction(operator, operand,

register) ;

if (debugSW) System. out.println(isegPtr+”: “+inst);
iseg. addElement (inst) ;
sizett;

} else {
Instraction inst = ((Instraction) iseg. get (isegPtr));
if (debugSW) System. out.print (isegPtr+”: “+inst);
inst. operator = operator;
inst. operand = operand;
inst. register = register;
if (debugSW) System. out.println(”-> “+inst);

}

isegPtr++;

return isegPtr-1;

public int appendCode (int operator, boolean register) {
if (size == isegPtr) {
Instraction inst = new Instraction(operator, register);
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if (debugSW) System. out.println(isegPtr+”: “+inst);

iseg. addElement (inst) ;

sizett;
} else {
Instraction inst = ((Instraction) iseg. get(isegPtr));
if (debugSW) System. out.print (isegPtr+”: “+inst);
inst. operator = operator;
inst. operand = -1;
inst. register = register;
if (debugSW) System. out.println(”-> “+inst);
}
isegPtr++;
return isegPtr-1;

public int appendCode (int operator, int operand) {

if (size == isegPtr) {

} else

Instraction inst = new Instraction(operator, operand);
if (debugSW) System. out.println(isegPtr+”: “+inst);
iseg. addElement (inst) ;

sizett;

{

Instraction inst = ((Instraction) iseg. get(isegPtr));
if (debugSW) System. out.print (isegPtr+”: “+inst);
inst. operator = operator;

inst. operand = operand;
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inst. register = false;

if (debugSW) System. out.println(”-> “+inst);
}
isegPtr++;

return isegPtr-1;

public int appendCode (int operator) {

if (size == isegPtr) {
Instraction inst = new Instraction(operator);
if (debugSW) System. out.println(isegPtr+”: “+inst);
iseg. addElement (inst) ;
sizett;

} else {
Instraction inst = ((Instraction) iseg. get (isegPtr));

if (debugSW) System. out.print (isegPtr+”: “+inst);

inst. operator = operator;

inst. operand = -1;

inst. register = false;

if (debugSW) System. out.println(”-> “+inst);
}
isegPtr++;

return isegPtr-1;

public int operator(int addr) { /¥ ARV —F HIKT %/
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if (addr < 0 || addr >= size)
executeError (“I1legal iseg address 7, addr);

return ((Instraction) iseg. get(addr)). operator;

public int operand(int addr) { /¥ AT REIRT %/
if (addr < 0 || addr >= size)
executeError (“I1legal iseg address 7, addr);

return ((Instraction) iseg. get(addr)). operand;

public boolean register (int addr) { /* LI RAX ZiKT *x/
if (addr < 0 || addr >= size)
executeError (“I1legal iseg address 7, addr);

return ((Instraction) iseg. get(addr)).register;

/] MBI TOT RV AETF =)
public void checkAddress(int addr) {

Instraction inst = (Instraction) iseg. get(addr);
switch(inst. operator) {

case JUMP:

case BEQ:

case BNE:

case BLT:

case BLE:
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case BGT:

case BGE:
case CALL:
if (inst. operand < 0 || inst.operand >= size)
syntaxError (“I1legal iseg address : ” + inst, addr);
break;
default:
break;
}

/] FBE LT R ADMS & FE R
public void print(int addr) {;

7. 7

System. out. print (addr + + (Instraction) iseg. get(addr)):;

// lseg &I~

public void dump() {
for (int i=0; i<isegPtr; i++)

7. 7

System. out. println(i + + (Instraction) iseg.get(i));

// lseg T 74V 577 A MIZHT
public void dumpToFile() {
PrintWriter outputFile = Filelo. fWrite (“OpCode. asm”, false);

for (int i=0; i<isegPtr; i++)
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outputFile. println((Instraction) iseg. get(i));

outputFile. close();

// Iseg ZHHRELT=7 7 A M
public void dumpToFile(String fileName) {
PrintWriter outputFile = Filelo. fWrite(fileName, false);
for (int i=0; i<isegPtr; i++)
outputFile. println((Instraction) iseg.get(i));

outputFile. close();

// addr THDOMSD AL —H, FXT7 . K % operator, operand (ZZF 3
%

public void replaceCode (int addr, int operator, int operand) {
Instraction inst = ((Instraction) iseg. get(addr));
if (debugSW)

7. o7

System. out. print (addr + + inst);
inst. operator = operator;
inst. operand = operand;

if (debugSW)

System. out. println(”"=> 7 + inst);

// addr Z&EH DOMBEDAXT K % operand IZZEHE T 5
public void replaceCode(int addr, int operand) {
Instraction inst = ((Instraction) iseg. get(addr));
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if (debugSW)

7. 7

System. out. print (addr + + inst);

inst. operand = operand;
if (debugSW)

System. out. println(”"=> 7 + inst);

// addr ZHOMTE inst ICEETD

public void replaceCode (int addr, Instraction inst) {
Instraction oldInst = ((Instraction) iseg. get(addr)):;
if (debugSW) System. out.print(addr+”: “+oldInst);
iseg. removeElementAt (addr) ;
iseg. insertElementAt (inst, addr);

if (debugSW) System. out.println(”-> “+inst);

public void syntaxError (String err_mes, int addr) f{ /% GET T — %/
System. out. println(”Syntax error at line ” + addr);
System. out. println(err_mes) ;
System. out. println((Instraction) iseg. get(addr));

System. exit (1) ;

public void executeError (String err_mes, int addr) { /% FE{THF=T— %/
System. out. println("Execute error at line ” + addr);

System. out. println(err_mes) ;
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System. exit (1) ;

}

/* InstoractionSegment. java & 2 EF T */

/* LexicalAnalyzer. java */

public class LexicalAnalyzer implements Operators, Symbol, Type {

int ttype; /% b= DR %/

int value; /% B DG EE O XFOHREL T3 — R %/
String name; /% BEOLEEDLAR] */

String string; /x XFHNDOGE */

InputFile inFile; /% InputFile 7 T ADA L AKX A (ANSJT77AIL) */

boolean traceSW;

[/ A ARNT T HETIE, A7 7ANVDEARE, KR EEIT.
public LexicalAnalyzer (String fname, boolean tsw) {
JINTIT 7 A va B <

inFile = new InputFile(fname) ;

/74— FOPHIE
value = 0;

name = null;

string = null;

traceSW = tsw;
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public int nextToken() { /* FAENT IRD b—0 L BSRD */

ttype = S_NULL;

char c;

do {

/¥ ZEH T AK T %/

¢ = inFile. nextChar () ;

} while (¢ == 7 || ¢ ="¥t || ¢ ="¥n");

if (¢ == ¥0') ttype = S_EOF; /% End of file */

else if (c =="0") {

} else

} else

if C0 <= inFile.nextc && inFile.nextc <=’'7") { /% G =%

L 8 RS =/
c = inFile. nextChar () ;
value = extractOctIntValue (c);
} else if (inFile.nextc ==’x") { /% PR i L 16 RS +/
inFile. nextChar () ;
c = inFile. nextChar () ;

value = extractHexIntValue (c);

} else value = 0; /% e UEH(0) */
ttype = S_INTEGER;
if (Character. isDigit(c)) { /% PP 10 MEEH +/

value = extractIntValue(c);

ttype = S_INTEGER;

if (Character. isLowerCase(c) || Character. isUpperCase (c)
[ e=="_") {

String str = extractWord(c) ;

switch (c) {

case 'p :
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if (str.equals(“parallel”)) ttype = S_PARALLEL;/* parallel */
else ttype = S_NAME;
break;

case 'b’:

if (str.equals(“boolean”)) ttype = S_BOOLEAN;/* boolean */
else ttype = S_NAME;
break;

case ¢ :
if (str.equals(“char”)) ttype = S_CHAR; /* char */
else ttype = S_NAME;
break;

case ' d’:
if (str.equals(”do”)) ttype = S_DO; /% do */
else ttype = S_NAME;
break;

case e :
if (str.equals(“else”)) ttype = S_ELSE; /* else */
else ttype = S_NAME;
break;

case f’:
if (str.equals(“false”)) ttype = S_FALSE; /% false */
else if (str.equals(“for”)) ttype = S_FOR; /% for */
else ttype = S_NAME;
break;

case i :

if (str.equals(”"if”)) ttype = S_IF; /% if */
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else if (str.equals(“int”)) ttype = S_INT; /% int */

else ttype = S_NAME; /* BEEL */
break;

case 'm :
if (str.equals(“main”)) ttype = S_MAIN; /* main */
else ttype = S_NAME; /x BEEL */
break;

case ‘1 :
if (str.equals(“rand”)) ttype = S_RAND; /* rand */

else if (str.equals(“readint”))

ttype = S_READINT; /* readint */
else if (str.equals(“readchar”))

ttype = S_READCHAR; /* readchar */

else if (str.equals(“readstr”))

ttype = S_READSTR; /* readstr */
else ttype = S_NAME; /% B */
break;
case 't :
if (str.equals(“true”)) ttype = S_TRUE; /* true */

else ttype = S_NAME;
break;
case W :
if (str.equals("while”)) ttype = S_WHILE; /* while %/
else if (str.equals("write”))
ttype = S_WRITE; /¥ write */

else if (str.equals(“writeint”))
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} else

ttype = S_WRITEINT;
else if (str.equals(“writechar”))
ttype = S_WRITECHAR;
else if (str.equals(“writeln”))
ttype = S_WRITELN;
else if (str.equals(“writestr”))
ttype = S_WRITESTR;
else ttype = S_NAME;
break;
default:
ttype = S_NAME;
break;
}
name = str;
{
switch(c) {
case = (:
ttype = S_LPAREN;
break;
case )’
ttype = S_RPAREN;
break;
case ~ {:
ttype = S_LBRACE;
break;

case ’ }’
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/* writeint */

/* writechar %/

/* writeln */

/* writestr %/

[ B */

/% I */

/% ( %/

/%) */

/x { *x/



ttype S_RBRACE;
break;

case [ :

ttype = S_LBRACKET;

break;

case ]
ttype = S_RBRACKET;
break;

case ,

ttype = S_COMMA;
break;

case ;

ttype = S_SEMICOLON;

break;
case + !
if (inFile.nextc == "=") {
inFile. nextChar () ;
ttype = S_ADDLHS;

} else if (inFile.nextc ==

inFile. nextChar () ;

ttype = S_INC;
} else ttype = S_ADD;
break;

case =

if (inFile.nextc == "=") {

inFile. nextChar () ;
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) A

/¥ }

/* [

/* ]

/*

/%

/% +=

*/

/% ++ k/

/% +

*/



ttype = S_SUBLHS;

} else if (inFile.nextc == "-") { /% == %/
inFile. nextChar () ;
ttype = S_DEC;
} else ttype = S_SUB; [k = */
break;
case ¥ !
if (inFile.nextc == "=") { /% k= %/
inFile. nextChar () ;
ttype = S_MULLHS;
} else ttype = S_MUL; [k x k/
break;
case /
if (inFile.nextec =="=") { /¥ /= %/
inFile. nextChar () ;
ttype = S_DIVLHS;
} else if (inFile.nextc ==’*") { * JFRIIAF v %/
inFile. nextChar () ;
c = inFile. nextChar () ;
do {
c = inFile. nextChar () ;
if (¢ == "¥0’) syntaxError(“Illegal end
of file”);

} while (! (c == "%
inFile. nextChar () ;
ttype = nextToken() ;

} else if (inFile.nextc ==
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&& inFile.nextc =="/"));

/) /R FERIZAS 7 %/



inFile. nextChar () ;
¢ = inFile. nextChar () ;
do {
¢ = inFile. nextChar () ;
} while (¢ !="¥n && ¢ !="¥0);

ttype = nextToken() ;

} else ttype = S_DIV;
break;

case % :
if (inFile.nextc == =) {

} else
break;

y v,
case — .

inFile. nextChar () ;

ttype = S_MODLHS;

ttype = S_MOD;

if (inFile.nextc =="=") {

} else ttype

break;

case

inFile. nextChar () ;

ttype = S_EQUAL;

S_ASSIGN;

if (inFile.nextc =="=") {

} else ttype

break;

inFile. nextChar () ;

ttype = S_LESSEQ;

S_LESS;
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/%[ %/
/% /= %/
/% % %/
/% == %/
/% = %/
/% (= %/
/% < x/



case > :
if (inFile.nextc =="=") { /% D= %/
inFile. nextChar () ;

ttype = S_GREATEQ;

} else ttype = S_GREAT; /% <%/
break;
case ' I’
if (inFile.nextc =="=") { [x =%/
inFile. nextChar () ;
ttype = S_NOTEQ;
} else ttype = S_NOT; /x| %/
break;
case & :
if (inFile.nextc ==& ) { /% && */
inFile. nextChar () ;
ttype = S_AND;
} else syntaxError(“Illegal character : &”);
break;
case |’
if (inFile.nextc =="1|") { fx || #/
inFile. nextChar () ;
ttype = S_OR;
} else syntaxError (“Illegal character : |”);
break;
case ¥ /% 3CF- %/

¢ = inFile. nextChar();
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if (c == "¥¥ ) {
¢ = inFile. nextChar();

switch(c) {

case "0 :
c="%¥0;
break;
case 'b’:
c="¥b;
break;
case 'n:
c="¥n;
break;
case ‘1’ :
c="¥r;
break;
case 't :
c =¥t ;
break;
case ¥
c="Y";
break;
case ~¥¥ :
c =¥,
break;
default:

syntaxError (“I1legal character : ¥¥~ +
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break;

}

} else if (¢ == ¥ ) syntaxBrror ("No character”);

if (inFile.nextc == ¥ ) {
inFile. nextChar () ;

ttype = S_CHARACTER;

value = (int) c;
} else syntaxError(“Illegal character :
break;

y 7y

case
String str = 77;
boolean valid = true;
c = inFile. nextChar () ;
while (¢ !="7"") {
if (valid) {
if (c=="¥ ) {
c = inFile. nextChar () ;
switch(c) {
case 0 :
c="Y0;

valid = false;

break;
case ‘b’ :
C:’¥b”
break;
y s,
case n :
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c="¥n;

break;
case 1 :

c="¥;

break;
case 't :

c = ¥t

break;
case ¥

c="Y";

break;
case ~YY :

c =YY,

break;
default:

syntaxError ("I1legal

character : ¥¥” + ¢);

break;

} else if (c = "¥07)
syntaxError (“I1legal end of file”);

if(valid) str += c;
}

¢ = inFile. nextChar();

}
ttype = S_STRING;

string = str;
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break;

case ' §:
if (inFile.nextc == 'p’) { /% $p */
inFile. nextChar () ;
ttype = S_PROCESSOR;
} else syntaxError (“Tllegal character : |”);
break;
default:
syntaxError (“I1legal character : 7 + ¢);
break;
}
}
if (traceSW) System.out.println(token()):;
return ttype;
}
public int extractIntValue(char c¢) { /% ¢ THRE DB ETTDH */
int v = Character.digit(c, 10); [k LT A RERUC W +/

while (Character.isDigit(inFile.nextc)) {

¢ = inFile. nextChar();

<
Il

v * 10 + Character.digit(c, 10);
}

return v;

public int extractOctIntValue(char c) { /* ¢ T B S I 215D */
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int v = Character.digit(c, 8); /¥ LT E R */
while ((C 0 <= inFile.nextc && inFile.nextc <="7")) {

inFile. nextChar () ;

c =
v = v * 8 + Character.digit(c, 8);

}

return v,

public int extractHexIntValue(char ¢) { /¥ c CTHEED 16 HEBHAED */
int v = Character.digit(c, 16); /% U R RERI T A */

while ((C0 <= inFile.nextc && inFile.nextc <= "9") || (a <=

inFile. nextc && inFile.nextc <= f)
| CA <= inFile.nextc & inFile.nextc <= "F)) {

inFile. nextChar () ;

¢

v = v * 16 + Character.digit(c, 16);

}
return v;
}
public String extractWord(char c¢) { /% ¢ THRE D LTI ERGFDH */

String s = String. valueOf(c);
while (Character. isLowerCase (inFile. nextc)
|| Character. isUpperCase (inFile. nextc)

|| Character. isDigit (inFile. nextc)

|| inFile.nextc=="_") {
¢ = inFile. nextChar () ;
s =s *t c;
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}

return s;

}

public String token() {

switch (ttype) {

case

case

case

case

case

case

case

case

case

case

S_NULL:

return “Null”;
S_MAIN:

return “main”;
S_IF:

return “if”;
S_ELSE:

return “else”;
S_WHILE:

return “while”;
S_FOR:

return “for”;
S_DO:

return “do”;
S_READINT:

return “readint”;
S_READCHAR:

return “readchar”;
S_READSTR:

return “readstr”;
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case

case

case

case

case

case

case

case

case

case

case

case

case

S_WRITE:

return “write”;

S_WRITEINT:

return “writeint”;

S_WRITECHAR:

return “writechar”;

S_WRITELN:

return “writeln”;

S_WRITESTR:

return “writestr”;

S_RAND:

return “rand”;

S_INT:

return “int”;

S_CHAR:

return “char”;

S_BOOLEAN:

return “boolean”;

S_EQUAL:
return
S_NOTEQ:
return
S_LESS:
return
S_GREAT:

return

//<// .
s

//>// .
s
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case S_LESSEQ:
return “<=";
case S_GREATEQ:
return ">=";
case S_AND:
return “&&”;

case S_OR:

f/“f/

return

case S_NOT:

//‘//,

return

case S_ADD:

” . 7.

return + ;

case S_SUB:

return “-";
case S_MUL:

return “*”;
case S_DIV:

return ”/”;
case S_MOD:

return “%”;
case S_ASSIGN:

return 7=";
case S_ADDLHS:

return +=;

case S_SUBLHS:

return —=;



case

case

case

case

case

case

case

case

case

case

case

case

case

S_MULLHS:

return k=,
S_DIVLHS:

return ”/=";
S_MODLHS:

return “%=";
S_INC:

return “++”;
S_DEC:

return “—";
S_SEMICOLON:

”.on.

return 7;”;
S_LPAREN:
return ”(”;
S_RPAREN:
return ”)”;
S_LBRACE:
return “{”;
S_RBRACE:
return “}”;
S_LBRACKET:
return “[”;
S_RBRACKET:
return ”]”;
S_COMMA:

” o r.

return 7, "
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case S_INTEGER:
return 77 + value;
case S_CHARACTER:
return 77 + (char) value + 7 7;
case S_NAME:
return name,
case S_TRUE:
return “true”;
case S_FALSE:
return “false”;
case S_STRING:
return “¥”” + string + "¥"7;
case S_EOF:
return “EndOfFile”;

default:

return “Error”;

}
}
public void syntaxError() { /* {ET T — %/
System. out. println(“Systax error at line ” + inFile. linenum);
System. out. println(inFile. line) ;
inFile. closeFile();
System. exit (1) ;
}
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public void syntaxError (String err_mes) {

System. out. println(”Systax error at line ”

/% iET T — %/

+ inFile. linenum) ;

System. out. println(err_mes) ;

System. out. println(inFile. line);

inFile. closeFile();

System. exit (1) ;

}

/* LexicalAnalyzer. java

/* Operators. java */

interface Operators

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

TZET x/

{

NOP
ASSGN
ADD
ADDLHS
SUB
SUBLHS
MUL
MULLHS
DIV
DIVLHS
MOD
MODLHS
CSIGN

AND

10;

11;

12;

13;

// no operation
// assign
/] +

/] +=

/] -

/] ==

// *

[/ *=
/]

/] /=

/] %

// %=

// HIH-

// and
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static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

OR

NOT
XOR
COMP
COPY
PUSH
PUSHI
REMOVE
LOAD
POP
INC
DEC
PREINC
PREDEC
POSTINC
POSTDEC
SETFR
INCFR
DECFR
JUMP
BLT
BLE
BEQ
BNE
BGE

BGT

14;

15;

16;

17;

18;

19;

20;

21;

22;

23;

24;

25;

26;

27;

28;

29;

30;

31;

32;

335

34;

35;

36;

37;

38;

39;

// or
// not

// exclusive or
// comp

// copy

// push

// push integer
// remove

// load

// pop

/) ++

/] =

// i
// Wi
/]
// 1%

:

W[

-

-

=N

[
-
// set frame register
// inc frame register
// dec frame register
// jump
/] <9
[/ <=7
/=7
/) =7
/> ?
/] >=7
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static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static

static

}

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

CALL

RET

INPUT

INPUTC

OUTPUT

OUTPUTC

OUTPUTL

RAND

HALT

PUSHS

POPS

ASSGNS

LOADS

INPUTS

OUTPUTS

PARA

SYNC

PUSHP

EOF

ERROR

/% Operators. java = Z % T %/

/* Symbol. java */

interface Symbol {

40;

41;

42;

43;

44;

45;

46;

475

48;

49;

50;

51;

52;

53;

54;

55;

56;

57;

=259;

-1;

static final int S_ERROR = -1;

// call

// return

// input integer

// input character
// output integer
// output character
// output line

// random

// halt

// push string

// pop string

// assign string

// load string

// input string

// output string

// parallel

// synchronous

// push processor number
// end of file

// error
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static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

S_NULL

Il
o

S_MAIN

Il
—

S_IF = 23

S_ELSE = 3;
S_WHILE = 4;
S_FOR = 5;

S_DO = 6;
S_READINT = 7;
S_READCHAR = 8;

S_WRITE = 9;

S_WRITEINT = 10;

S_WRITECHAR = 11;

S_WRITELN = 12;
S_RAND = 13;
S_INT = 14;
S_CHAR = 15;

S_BOOLEAN = 16;

S_EQUAL = 17;

S_NOTEQ = 18;
S_LESS = 19;
S_GREAT = 20;
S_LESSEQ = 21;
S_GREATEQ = 22;
S_AND = 23;
S_OR = 24;

S_NOT = 25;
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/%
/3
/%
/3
/%
/3
/%
/3
/%
/3
/%
/3
/%
/3
/%
/3
/%

/%

/%

/%
/3
/%
/3

/%]

main */

if */

else */
while */
for */

do */
readint */
readchar */
write */
writeint */
writechar */
writeln */
rand */

int */

char */
boolean */

— */



static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

S_ADD =26;

S_SUB = 27;

S_MUL = 28;

S_DIV = 29;

S_MOD = 30;

S_ASSIGN = 31;

S_ADDLHS = 32;

S_SUBLHS = 33;

S_MULLHS = 34;

S_DIVLHS = 35;

S_MODLHS = 36;

S_INC = 37;

S_DEC = 38;

S_SEMICOLON = 39;

S_LPAREN = 40;

S_RPAREN = 41;

S_LBRACE = 42;

S_RBRACE = 43;

S_LBRACKET = 44;

S_RBRACKET = 45;

S_COMMA = 46;
S_INTEGER =47;

S_CHARACTER =48

S_NAME = 49;

S_TRUE = 50;

S_FALSE = 51;
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/3
/%
/3
/%

/%
/3
/%
/3
/%
/3
/%
/3

/* 5

/3
/%
/3
/%
/3
/%

/%
/3
/%
/3
/%

+
*
~

|
*
~

*
*
~

Il
*
~

) */

box/

[ */

1 =%/

, ¥/

HBE *x/
-/
T */
true */

false */



static
static
static
static
static

static

}

final

final

final

final

final

final

int

int

int

int

int

int

/* Symbol. java & ZF T

/* Type. java */

interface

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

Symbol {

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

S_STRING = 52;
S_READSTR = 53;
S_WRITESTR = 54;
S_PARALLEL = 55;
S_PROCESSOR = 56;
S_EOF = 255;

S_ERROR = -1;

S_NULL = 0;

S_MAIN = 1;

S_IF = 23

S_ELSE = 3;
S_WHILE = 4;
S_FOR = 5;

S_DO = 6;
S_READINT = 7;
S_READCHAR = 8;
S_WRITE = 9;
S_WRITEINT = 10;
S_WRITECHAR = 11;

S_WRITELN = 12;

S_RAND = 13;
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/
/%
/%

*

/%

/%

/%
/3
/%
/3
/%
/3
/%

/%
/3
/%
/3
/%

ey,
readstr */
writestr */
parallel */
$p */

end of file */

main */

if */

else */
while */
for */

do */
readint */
readchar */
write */
writeint */
writechar */
writeln */

rand */



static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

static

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

final

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

int

S_INT = 14;
S_CHAR = 15;

S_BOOLEAN = 16;

S_EQUAL = 17;

S_NOTEQ = 18;
S_LESS = 19;
S_GREAT = 20;
S_LESSEQ = 21;
S_GREATEQ = 22;
S_AND = 23;
S_OR = 24;
S_NOT = 25;

S_ADD =26;

S_SUB = 27;

S_MUL = 28;

S_DIV = 29;

S_MOD = 30;

S_ASSIGN = 31;

S_ADDLHS = 32;

S_SUBLHS = 33;

S_MULLHS = 34;

S_DIVLHS = 35;

S_MODLHS = 36;

S_INC = 37;

S_DEC = 38;

S_SEMICOLON = 39;

-61-

/% int */
/* char */
/* boolean */
/¥ == %/
/% 1= %/
/% < %/
[k > %/
/% (= %/
/% >= %/
/% && */
[ ]/
/%1 %/
/% + %/
[* = x/
/% % %/
/x /) *x/
/% % o*/
[* = %/
J5 4= %/
/¥ == %/
/% %= %/
/* /= %/
/* %= %/
/% ++ %/
[k — %/
/¥ 5 %/



static final int S_LPAREN

40; /% ( %/

static final int S_RPAREN = 41; /%) %/
static final int S_LBRACE = 42; /% { %/
static final int S_RBRACE = 43; /% b %/

static final int S_LBRACKET = 44; /% [ %/
static final int S_RBRACKET = 45; /% ] %/
static final int S_COMMA = 46; /%, %/
static final int S_INTEGER =47; /% L %/

static final int S_CHARACTER =48; /% X %/

static final int S_NAME = 49; [ R */
static final int S_TRUE = 50; /* true */

static final int S_FALSE = 51; /* false %/
static final int S_STRING = 52; /% LT */

static final int S_READSTR = 53; /* readstr */

static final int S_WRITESTR = 54; /% writestr */

static final int S_PARALLEL = 55; /* parallel */
static final int S_PROCESSOR = 56; /* $p */
static final int S_EOF = 255; /% end of file */
}

/* Type. java & ZE T */

/* Var. java */

public class Var implements Type {

int type; /% B %/
String name; /* B */
int address; /* B ETHENDET FL R %/
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int size;

/* BSOS E DY A X %/

public Var (int t, String n, int a) {

public

public

public

type = t;

name n;
address = a;

size = 1;

Var (int t, String n, int a, int s) {

type = t;
name = n,
address = a;
size = s;

String toString() {

return typeName () +”¥t”+name +”¥t”+address;

String typeName () {

switch (type) {
case T_INT:

case T_ARRAYOFINT:
case T_CHAR:

case T_ARRAYOFCHAR:

return “int”;

return “int[“+size+”]”;
return “char”;

return “char[”+sizet+”]”;
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case T _BOOL: return “boolean”;
case T _ARRAYOFBOOL: return “boolean[”+size+”]”;

default: return “unknown”;

}

}

/* Var. java */

/* VarTable. java */

import java.util. Vector;

public class VarTable {
Vector vt;
int nextAddress;

boolean debugSW;

public VarTable (boolean dsw) {
vt = new Vector() ;
vt. setSize (0) ;
nextAddress = 0;

debugSW = dsw;

public boolean addElement (int t, String n) { [ RITELARAN */
if (exist(n)) return false; /* ZARIOEMET = v 7 */

Var var = new Var(t, n, nextAddress):;
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vt. addElement (var);
if (debugSW) System. out.println(var);
nextAddress ++;

return true,

public boolean addElement (int t, String n, int s) { /% FITEEFEAN */
if (exist(n)) return false; /¥ ZBEIDEMET = v 7 */
Var var = new Var(t, n, nextAddress, s);
vt. addElement (var);
if (debugSW) System. out.println(var);
nextAddress += s;

return true,

public boolean exist(String n) { /% BETF DB TH DD */
for (int i=0; i<vt.size(); i++)
if (n.equals(((Var)vt.get(i)).name)) return true;

return false;

public int getAddress(String n) { /% BINSEHOT RLAZED */
int 1;
for (i=0; i<vt.size(); i++)
if (n.equals(((Var) vt.get(i)).name)) break;

if (i == vt.size()) return —-1; /% RITIFLELRWEEES */
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else return ((Var)vt.get(i)).address;

}
public int getType(String n) { [k RINOEHOREED */
int 1;
for (i=0; i<vt.size(); i++)
if(n. equals(((Var) vt.get(i)).name)) break;
if (i == vt.size()) return -1; /% RIAFELARWVIGE */
else return ((Var) vt.get(i)). type;
}
public int getSize(String n) { [k BINOEE DOV A Xetgsd *x/
int 1;
for (i=0; i<vt.size(); i++)
if(n. equals(((Var) vt.get(i)).name)) break;
if (i == vt.size()) return -1; /% RITIFELARWVIGE */
else return ((Var) vt.get(i)).size;
}
public void dump() { /% FehFR %/
for (int i=0; i<vt.size(); it++)
System. out. printIn((Var) vt.get(i));
}

}

/% VarTable. java Z Z % T %/
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/* Kc. java */

import ioTools. *;

public class Ke implements Operators, Symbol, Type {

static LexicalAnalyzer lexer;
static VarTable vt;

static InstractionSegment iseg;
static int expType;

static boolean leftValue;
static int arraySize;

static boolean parallel;

static boolean execSW = true;
static boolean objOutSW = false;
static boolean objPrtSW = false;
static boolean traceSW = false;
static boolean statSW = false;
static boolean debugSW = false;
static boolean symPrtSW = false;

static boolean varOutSW = false;

static String sourceFile;

static String objectFile;

public static void main(Stringl] args)

setUpOption (args) ;
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/%

/%

/%

/%

/%

/xR */
[* BEDLHIR */
/* AR %/

/% OB x/

/% JEIDAE */

/% BB DA R */

/* parallel O TN */

R IVTENT %/
A= — FOFR */
Az — FOFER */
Mo —ZAF—F %/
FATT — 2 DFIR */
TNy TE— R %/
Rl ROER */

BRERDFIR */



lexer = new LexicalAnalyzer (sourceFile, traceSW);

/x FRIfET S */
vt = new VarTable (debugSW) ; /¥ BEDOLEIFR */
iseg = new InstractionSegment (debugSW); /% 54l */
parallel = false;

parseProgram() ; /x 7T T BT~ %/

lexer. inFile. closeFile(); /* T T L7 7 A NVEAL D */

if (execSW) {

if(objectFile == null)

iseg. dumpToFile () ; Sk AT NT 7

ANHET] T TN */

else iseg. dumpToFile(objectFile);/* &7 =/ h7 7

A V) ZRIHEE */

public

}
if (objOutSW) iseg. dump(); /x* HEJa— RER */
if (varOutSW) vt. dump(); /x BRI */

System. out. println(“Compile finished”);

static void parseProgram() { /% a7 T NENT %/
if (lexer.nextToken() != S_MAIN) syntaxError ("Need main”);
parseMain() ; /% main PAECARAT ~ */

if (lexer.ttype != S_EOF) syntaxError(“Illegal token”);
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public static int parseMain() { /* main B4 */
if (lexer.nextToken() != S_LPAREN) syntaxError ("Need (”);
if (lexer.nextToken() != S_RPAREN) syntaxError ("Need )”);
if (lexer.nextToken() != S_LBRACE) syntaxError ("Need {”);
parseBlock () ;
iseg. appendCode (HALT) ; /* F&T (E 1) M x/

return lexer. ttype;

public static int parseBlock() { /* Tay T %/
if (lexer.nextToken() != S_RBRACE) {
if (lexer. ttype == S_INT || lexer.ttype == S_CHAR
|| lexer. ttype == S_BOOLEAN)
parseVarDeclList () ;
if (lexer. ttype != S_RBRACE) parseStatementList();
else lexer. nextToken () ;
} else lexer.nextToken() ;

return lexer. ttype;

public static int parseVarDeclList() { /¥ BEEZS O */
while (lexer.ttype == S_INT || lexer.ttype == S_CHAR
|| lexer.ttype == S_BOOLEAN) {

int type = lexer. ttype;
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}

parseVarDecl (type) ;

while (lexer.ttype == S_COMMA) parseVarDecl (type);

if (lexer. ttype != S_SEMICOLON) syntaxError ("Need ;”);

lexer. nextToken () ;

return lexer. ttype;

public static int parseVarDecl (int type) { /% B ES */

defined”) ;

Token”) ;

String name;

if (lexer.nextToken() != S_NAME) syntaxError(“Illegal token”);

if (vt.exist(lexer.name)) syntaxError(lexer.name + 7 1is already

/¥ ZEIOEETF = v 7 %/

name = lexer.name;

if (lexer.nextToken() == S_LBRACKET) { /*x FEiHIFIDEE */

if (lexer.nextToken() != S_INTEGER) syntaxError(“Illegal

int size = lexer.value;

if (lexer.nextToken() != S_RBRACKET) syntaxError ("Need [”);
lexer. nextToken () ;

if (type == S_INT) type = T_ARRAYOFINT;

else if (type == S_CHAR) type = T_ARRAYOFCHAR;

else type = T_ARRAYOFBOOL;
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vt. addElement (type, name, size):; /¥ TR Gk */
if (lexer. ttype == S_ASSIGN) {
int addr = vt. getAddress (name) ;
lexer. nextToken () ;
if (type == T_ARRAYOFINT || type == T_ARRAYOFBOOL)
parselnitialAssignArray (type, addr, size);

/% BRSO G PR A A AR
A */

else if (lexer. ttype == S_LBRACE) /% CFRIEI4 D5

parselnitialAssignArray (type, addr, size);

/x { BT
FLHIRA A */

else if (lexer. ttype == S_STRING) { /* SCFEHI72 51X
TFEHURA */

String str = lexer. string;

if  (str.length()>size-1) syntaxError (“Array
index is out of bound”);

for(int i=0; i<str.length(); i++) {
iseg. appendCode (PUSHI, addr+i);
iseg. appendCode (PUSHI, str.charAt(i));
iseg. appendCode (ASSGN) ;
iseg. appendCode (REMOVE) ;
}
iseg. appendCode (PUSHI, addr+str. length());
iseg. appendCode (PUSHI, ’¥0');
iseg. appendCode (ASSGN) ;

iseg. appendCode (REMOVE) ;
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lexer. nextToken () ;
} else syntaxError (“Need { or String”);
}
} else { /% AT T —EEDEE */
if (type == S_INT) type = T_INT;
else if (type == S_CHAR) type = T_CHAR;
else type = T_BOOL;
vt. addElement (type, name); /* L EIFRNB Gk */
if (lexer.ttype == S_ASSIGN) { /x YIHIE */
lexer. nextToken () ;
iseg. appendCode (PUSHI, vt. getAddress (name)) ;
parseExpression() ;
switch (type) {
case T_INT:
case T_CHAR:
if (expType != T_INT && expType != T_CHAR)

syntaxError ("Type mismatched”);/* flijiZl
OFRIN—F L2 T 7 — %/

break;
case T _BOOL:
if (expType != T_BOOL)

syntaxError ("Type mismatched”);/* plijiJl
OFRIN—F L 2= 7 — %/

break;
default:

syntaxError ("Type mismatched”) ;
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leftToRight () ; /* B HIXZE D
7 RLADfEEr— K */

iseg. appendCode (ASSGN) ; /x AN */

iseg. appendCode (REMOVE) ;

return lexer. ttype;

public static int parselnitialAssignArray(int type, int addr, int size) {
/% BCAN~DYTHEA */

int index = 0;

if (lexer.ttype != S_LBRACE) syntaxError ("Need {”7);

lexer. nextToken () ;

if (type == T_ARRAYOFINT || type == T_ARRAYOFCHAR) {
if (lexer. ttype != S_INTEGER && lexer. ttype != S_CHARACTER)

syntaxError ("Need Integer or Character”);

} else if (lexer.ttype != S_TRUE && lexer. ttype != S_FALSE)
syntaxError ("Need Integer or Character”);

lexer. nextToken () ;

iseg. appendCode (PUSHI, addr);

iseg. appendCode (PUSHI, lexer.value);

iseg. appendCode (ASSGN) ;

iseg. appendCode (REMOVE) ;

while (lexer.ttype == S_COMMA) {
index++;
if (index>=size) syntaxError ("Array index is out of bound”);
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lexer. nextToken () ;
if (type == T_ARRAYOFINT || type == T_ARRAYOFCHAR) {

if (lexer.ttype != S INTEGER && lexer.ttype !=

S_CHARACTER)

public

public

syntaxError ("Need Integer or Character”);
} else if (lexer.ttype != S_TRUE && lexer. ttype != S_FALSE)
syntaxError ("Need Integer or Character”);
lexer. nextToken () ;
iseg. appendCode (PUSHI, addr+index) ;
iseg. appendCode (PUSHI, lexer.value);
iseg. appendCode (ASSGN) ;
iseg. appendCode (REMOVE) ;
}
if (lexer. ttype != S_RBRACE) syntaxError ("Need }7);

return lexer. nextToken() ;

static int parseStatementList() { /¥ LD */
while (lexer.ttype != S_RBRACE) parseStatement();

return lexer. nextToken() ;

static int parseStatement () { /% 3L %/

switch (lexer. ttype) {

case S_PARALLEL: /% parallel 3Uk/
parsePARALLEL () ;
break;
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case

case

case

case

case

case

case

case

case

S_IF:

parself();

break;

S_WHILE:

parseWhile() ;

break;

S_FOR:

parseFor () ;

break;

S_DO:

parseDoWhile () ;

break;

S_WRITE:

parseWrite();

break;

S_WRITEINT:

parseWriteint () ;

break;

S_WRITECHAR:

parseWritechar() ;

break;

S_WRITELN:

parseWriteln() ;

break;

S_WRITESTR:

parseWiritestr () ;
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/%

/%

/%

/%

/%

/%

/%

/%

if 3¢ */

while 3 */

for X */

do—while 3 */

writeint 3L %/

writeint 3C %/

writechar 3C */

writeln 3 */

writestr 3L */



case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

break;
S_NAME:
S_INTEGER:
S_CHARACTER:
S_TRUE:
S_FALSE:
S_READINT:
S_READCHAR:
S_READSTR:
S_RAND:
S_LPAREN:
S_NOT:
S_SUB:
S_INC:
S_DEC:
S_STRING:

parseExpression() ;

/x 3L */

removeStackTop(); // AX v 7 by 7 DfgpE

if (lexer. ttype != S_SEMICOLON) syntaxError ("Need ;”);

lexer. nextToken () ;
break;
S_SEMICOLON:
lexer. nextToken () ;
break;
S_LBRACE:

lexer. nextToken () ;
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/% L DI | %/



parseStatementList () ;
break;
default:
syntaxError (“I1legal Token”);
break;

}

return lexer. ttype;

public static int parsePARALLEL() { /* parallel 3C %/

if (parallel == true) syntaxError ("prarellel XD HiZ
parallel X728 TT7);

parallel = true;

if (lexer.nextToken() != S_LPAREN) syntaxError ("Need(”);
lexer. nextToken () ;

parseExpression() ;

if (lexer. ttype != S_COMMA) syntaxError ("Need,”);
lexer. nextToken () ;

parseExpression() ;

iseg. appendCode (PARA) ;

if (lexer. ttype != S_COMMA) syntaxError (“Need,”);
lexer. nextToken () ;

parseExpression() ;

if (lexer. ttype != S_RPAREN) syntaxError ("Need)”);
lexer. nextToken () ;

parseStatement () ;

iseg. appendCode (SYNC) ;
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public

_*/

H— R %/

parallel = false;

return lexer. ttype;

}

static int parself() { /* 1f 3C %/

if (lexer.nextToken() != S_LPAREN) syntaxError ("Need (”);
lexer. nextToken () ;

parseExpression() ; /% SR/

if (expType != T_BOOL) syntaxError ("Type mismatched”);

/x ADvam B TR hiE= 7

leftToRight () ; /% FEERBIXZEDOT KLU ADE%

if (lexer. ttype != S_RPAREN) syntaxError ("Need )”);

lexer. nextToken () ;

int In_BEQ;
switch (iseg.operator(iseg.isegPtr—1)) { /% S{EXD03MA7e & 47IE */
* SPIAEIIRIE */
case NOT:
iseg. isegPtr —;
if (iseg.operator (iseg. isegPtr—1) == INC) {
iseg. isegPtr —;
In_BEQ = iseg. appendCode (BGE) ; /% xy DL E %/
} else if (iseg.operator (iseg. isegPtr-1) == DEC) {
iseg. isegPtr —;

In_BEQ = iseg. appendCode (BLE) ; /% Oy DEE %/
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} else 1n_BEQ = iseg. appendCode (BNE); /% x==y D& X */

break;
case INC:
iseg. isegPtr —;
In_BEQ = iseg. appendCode (BLT) ;
break;
case DEC:

iseg. isegPtr —;

In_BEQ = iseg. appendCode (BGT) ;
break;

default:
In_BEQ = iseg. appendCode (BEQ) ;

break;

parseStatement () ;

if (lexer. ttype == S_ELSE) {

lexer. nextToken () ;

int In_JUMP = iseg. appendCode (JUMP) ;

/¥ x0=y D& X %/

/¥ x$zy D& X %/

/% RO L~ JUMP

JUMP JEl3RE */

iseg. replaceCode (In_BEQ, iseg. isegPtr);/* 450D

parseStatement () ;

Gy SEIRTE */

iseg. replaceCode (In_JUMP, iseg. isegPtr);/* JUMP JEiRiE */
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public

_*/

z— R x/

} else iseg.replaceCode(In_BEQ, iseg.isegPtr);/* 5438 D
UG SERTE */

return lexer. ttype;

static int parseWhile() { /* while 3L */

int ln_entry = iseg. isegPtr; /* while LD A */

if (lexer.nextToken() != S_LPAREN) syntaxError ("Need (”);
lexer. nextToken () ;

parseExpression() ; /% G/

if (expType != T_BOOL) syntaxError ("Type mismatched”);

fx KBTI TR T RIET S

leftToRight () ; /% FEERBIXEDOT KL ADE%

if (lexer. ttype != S_RPAREN) syntaxError ("Need )”);

lexer. nextToken () ;

int In_BEQ;
switch (iseg.operator(iseg.isegPtr—1)) { /% S{EXDMA7e & 47I0E */
/% GG SRITARTE */
case NOT:
iseg. isegPtr —;

if (iseg.operator (iseg. isegPtr—1) == INC) {
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iseg. isegPtr —;

In_BEQ = iseg. appendCode (BGE) ; /% xy DL E %/

} else if (iseg.operator (iseg. isegPtr-1) == DEC) {

iseg. isegPtr —;

In_BEQ = iseg. appendCode (BLE) ; /% Oy DEE %/

} else 1n_BEQ = iseg. appendCode (BNE); /% x==y D& X x/

break;
case INC:
iseg. isegPtr —;
In_BEQ = iseg. appendCode (BLT) ;
break;
case DEC:
iseg. isegPtr —;
In_BEQ = iseg. appendCode (BGT) ;
break;

default:

In_BEQ = iseg. appendCode (BEQ) ;

break;

parseStatement () ;

iseg. appendCode (JUMP, 1n_entry);

iseg. replaceCode (In_BEQ, iseg.isegPtr);

return lexer. ttype;
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/x xo=y DL X %/

/% x${=y DL X %/

/% ANE -~ JUMP */
/% SAE I D

Gy SEIRTE */



public static int parseFor() { /% for 3C *x/
if (lexer.nextToken() != S_LPAREN) syntaxError ("Need (”);
if (lexer.nextToken() != S_SEMICOLON) ({
parseExpression() ; /% UG */
removeStackTop(); // AX w7 by 7 DOkgE
while (lexer.ttype == S_COMMA) {
lexer. nextToken () ;
parseExpression() ;
removeStackTop(); // AX w7 by 7 DOkgE
}
if (lexer. ttype != S_SEMICOLON) syntaxError ("Need ;”);
}
lexer. nextToken () ;
int In_entry = iseg. isegPtr; /* for XLOAH */
parseExpression() ; /* L/
if (expType != T_BOOL) syntaxError (“Type mismatched”);

[ AP EM TR niE 7

leftToRight () ; /x FEIEIR GIEEDOT R ADE%
o— R %/

if (lexer. ttype != S_SEMICOLON) syntaxError ("Need ;”);

lexer. nextToken () ;

int In_BEQ;

switch (iseg.operator(iseg.isegPtr—1)) { /% S{EXDMA7e & 47I0 */

* PIRSRIIRE */
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case NOT:
iseg. isegPtr —;
if (iseg. operator (iseg. isegPtr—1) == INC) {
iseg. isegPtr —;
In_BEQ = iseg. appendCode (BGE) ; /¥ xy DL X x/
} else if (iseg.operator (iseg. isegPtr-1) == DEC) {
iseg. isegPtr —;
In_BEQ = iseg. appendCode (BLE) ; /% xoy DL E %/
} else 1n_BEQ = iseg. appendCode (BNE); /% x==y D& X *x/
break;
case INC:
iseg. isegPtr —;
In_BEQ = iseg. appendCode (BLT) ; /x o=y DL X x/
break;
case DEC:

iseg. isegPtr —;

In_BEQ = iseg. appendCode (BGT) ; J* x$=zy DL X %/
break;

default:
In_BEQ = iseg. appendCode (BEQ) ;

break;

int In_JUMP = iseg. appendCode (JUMP) ;

int In_cont = iseg. isegPtr;

if (lexer. ttype != S_RPAREN) {

-83-



parseExpression() ; /% e */
removeStackTop(); // AX v 7 by 7T DfgE
while (lexer.ttype == S_COMMA) {

lexer. nextToken () ;

parseExpression() ;

removeStackTop(); // AX v 7 by 7T DfgpE

}
iseg. appendCode (JUMP, 1n_entry); /% AN~ JUMP */
if (lexer. ttype != S_RPAREN) syntaxError ("Need )”);

lexer. nextToken () ;

iseg. replaceCode (In_JUMP, iseg.isegPtr);/* JUMP JCiliE */

parseStatement () ;

iseg. appendCode (JUMP, 1n_cont); /* fkfe =i~ JUMP */
iseg. replaceCode (In_BEQ, iseg.isegPtr); /* {43z D
ISR TE */

return lexer. ttype;

public static int parseDoWhile() { /* do—while 3C */
int ln_entry = iseg. isegPtr; /% do—while LD AL */

lexer. nextToken () ;
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_*/

z— R x/

iz %/

parseStatement () ;

if (lexer. ttype != S_WHILE) syntaxError ("Need while”);

if (lexer.nextToken() != S_LPAREN) syntaxError ("Need (”);
lexer. nextToken () ;

parseExpression() ; /% SR/

if (expType != T_BOOL) syntaxError ("Type mismatched”);

fx KATMBETRFRIET S

leftToRight () ; /% FEERBIXZEDOT KLU ADE%

if (lexer. ttype != S_RPAREN) syntaxError ("Need )”);

if (lexer.nextToken() != S_SEMICOLON) syntaxError ("Need ;”);

switch (iseg.operator(iseg.isegPtr—1)) { /¥ &HXNELR S ALD A~

case NOT:

iseg. isegPtr —;
if (iseg.operator (iseg. isegPtr—1) == INC) {

iseg. isegPtr —;

iseg. appendCode (BLT, ln_entry); /* x<y D& X */
} else if (iseg.operator (iseg. isegPtr-1) == DEC) {

iseg. isegPtr —;

iseg. appendCode (BGT, ln_entry); /% x0y D& X %/
} else iseg.appendCode (BEQ, 1n_entry);/* x==y D& X x/
break;

case INC:
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iseg. isegPtr —;
iseg. appendCode (BGE, 1n_entry); [¥ 0=y DE X *x/
break;
case DEC:
iseg. isegPtr —;
iseg. appendCode (BLE, 1n_entry); [¥ x<{=y D& X %/
break;
default:
iseg. appendCode (BNE, 1n_entry);

break;

return lexer. ttype;

public static int parseWrite() { /* write 3L */
if (lexer.nextToken() != S_LPAREN) syntaxError ("Need (”);
lexer. nextToken () ;
parseExpression() ;
if (expType != T_INT && expType != T_CHAR)

syntaxError ("Type mismatched”) ; /% A EER G TR
T — %/

leftToRight () ; /x FEIEIR GIEEDOT R ADE%
o— R %/

if (lexer. ttype != S_RPAREN) syntaxError ("Need )”);
if (lexer.nextToken() != S_SEMICOLON) syntaxError ("Need ;”);

if (expType == T_INT) iseg. appendCode (OUTPUT) ;
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else iseg. appendCode (OUTPUTC) ;

return lexer. nextToken() ;

public static int parseWriteint() { /* writeint 3C */
if (lexer.nextToken() != S_LPAREN) syntaxError ("Need (”);
lexer. nextToken () ;
parseExpression() ;
if (expType != T_INT & expType != T_CHAR)

syntaxError ("Type mismatched”) ; Ve IE- Wiy S gl QA g N
T — ¥/

leftToRight () ; /% FEERBIXZEDOT KLU ADE%
z— R x/

if (lexer. ttype != S_RPAREN) syntaxError ("Need )”);
if (lexer.nextToken() != S_SEMICOLON) syntaxError ("Need ;”);
iseg. appendCode (OUTPUT) ;

return lexer. nextToken() ;

public static int parseWritechar() { /* writechar 3 */
if (lexer.nextToken() != S_LPAREN) syntaxError ("Need (”);
lexer. nextToken () ;
parseExpression() ;
if (expType != T_INT && expType != T_CHAR)

syntaxError ("Type mismatched”) ; /% A EER G TR
7 — %/

leftToRight () ; /x FEIEIR HIEEDOT R ADE%
7— R %/
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if (lexer. ttype != S_RPAREN) syntaxError ("Need )”);
if (lexer.nextToken() != S_SEMICOLON) syntaxError ("Need ;”);
iseg. appendCode (OUTPUTC) ;

return lexer. nextToken() ;

public static int parseWriteln() f{ /* writeln 3C %/
if (lexer.nextToken() != S_SEMICOLON) syntaxError ("Need ;”);
iseg. appendCode (OUTPUTL) ;

return lexer. nextToken() ;

public static int parseWritestr() { /* writestr 3L */
if (lexer.nextToken() != S_LPAREN) syntaxError ("Need (”);
lexer. nextToken () ;
if (lexer.ttype == S_STRING) parseString();
else if (lexer. ttype == S_NAME) parseVar();
else syntaxError ("Need String or Var”);
if (expType != T_ARRAYOFCHAR)

syntaxError ("Type mismatched”) ; /% D SCFREA) Tl
=7 — %/

if (leftValue) iseg.appendCode(LOADS); /% EMERSIZFOT KL
ZADfEZa— R %/

if (lexer. ttype != S_RPAREN) syntaxError ("Need )”);
if (lexer.nextToken() != S_SEMICOLON) syntaxError ("Need ;”);
iseg. appendCode (OUTPUTS) ;

return lexer. nextToken() ;
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public static int parseExpression() {
parselLogicalExpression() ;
if (lexer. ttype == S_ASSIGN) {

if (lleftValue) syntaxError ("No left Value”);/x AfE % 7~
RFnE=7— %/

int leftExpType = expType;
lexer. nextToken () ;
parseExpression() ;
switch (leftExpType) {
case T_INT:
case T_CHAR:
if (expType != T_INT & expType != T_CHAR)
syntaxError ("Type mismatched”) ;

/% WA DORN —H LR iEe T —
*/

leftToRight () ; /* FEETR HIXED
T RLVADEZr— R %/

iseg. appendCode (ASSGN) ;
/% AR %/

expType = leftExpType;
break;
case T_BOOL:
if (expType != T_BOOL)
syntaxError ("Type mismatched”) ;

leftToRight () ; /* B HIXZE D
7 RLADfEEZ 7 — K %/
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iseg. appendCode (ASSGN) ;

/% AN %/
break;
case T_ARRAYOFCHAR:
if (expType != T_ARRAYOFCHAR)
syntaxError ("Type mismatched”) ;
/% WHADOTRIN —FH LT niE= T —
*/
if (leftValue) iseg.appendCode (LOADS) ;
/% FEINERBIXZEDT R ADEE =
— K %/

iseg. appendCode (ASSGNS) ;
/% SCFBRN */

expType = T_INT;

break;
default:

syntaxError ("Type mismatched”) ;
}
leftValue = false;

} else if (lexer.ttype == S_ADDLHS || lexer.ttype == S_SUBLHS ||
lexer. ttype == S_MULLHS

|| lexer. ttype == S_DIVLHS || lexer.ttype == S_MODLHS ) {

if (lleftValue) syntaxError("No left Value”); /% FEAE
R — %/

if (expType != T_INT && expType != T_CHAR)
syntaxError ("Type mismatched”) ;
int operator = lexer. ttype;

int LeftExpType = expType;
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lexer. nextToken () ;

iseg. appendCode (COPY) ;

iseg. appendCode (LOAD) ;

parseExpression() ;

if (expType != T_INT && expType != T_CHAR)
syntaxError ("Type mismatched”) ;

leftToRight () ; /* EVMEZRHIXZFDT RLA
Dz — R *x/

switch (operator) {

case S_ADDLHS:

iseg. appendCode (ADD) ; /%
PR %/
break;
case S_SUBLHS:
iseg. appendCode (SUB) ; /*
ZRON */
break;
case S_MULLHS:
iseg. appendCode (MUL) ; /%
FERAN %/
break;
case S_DIVLHS:
iseg. appendCode (DIV) ; /*
PR */
break;

case S_MODLHS:

iseg. appendCode (MOD) ; /%
RGN */
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break;
}
iseg. appendCode (ASSGN) ;
expType = LeftExpType;
leftValue = false;

}

return lexer. ttype;

public static int parselLogicalExpression() { /% 2 GRFRIE
FTILE OFRELFD) */
parseLogicalTerm() ;
if (lexer.ttype == S_OR) {
if (expType != T_BOOL) syntaxError ("Type mismatched”);

leftToRight () ; /* EVMEZRHIXZFDT RLA
Dz — R *x/

do {
lexer. nextToken () ;
parselLogicalTerm() ;
if (expType != T BOOL) syntaxError ("Type mismatched”) ;

leftToRight () ; /* FEETR HIXED
T RLVADEZr— R */

if (iseg.operator(iseg. isegPtr—1) == PUSHI
&& iseg. operator (iseg. isegPtr-2) == PUSHI) {
/% ER | EER 1 X = A VR */
iseg. isegPtr —=2;

if (iseg.operand(iseg. isegPtr) =0
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|| iseg. operand (iseg. isegPtr+1) !=0)
iseg. appendCode (PUSHI, 1);
else iseg. appendCode (PUSHI, 0);
} else iseg. appendCode (OR) ;
} while (lexer.ttype == S_OR);
leftValue = false;

}

return lexer. ttype;

public static int parselLogicalTerm() { /* mmPIE GRELN -+
F LT OFHEFE) */
parseLogicalFactor () ;
if (lexer. ttype == S_AND) {
if (expType != T_BOOL) syntaxError ("Type mismatched”);

leftToRight () ; /x FEIEIR BIEFDOT RLA
DfEZE T — K %/

do {
lexer. nextToken () ;
parseLogicalFactor () ;
if (expType != T _BOOL) syntaxError (“Type mismatched”) ;

leftToRight () ; /* B HIXZE D
7 RLADfEEZ 7 — K %/

if (iseg.operator (iseg. isegPtr—1) == PUSHI
&& iseg. operator (iseg. isegPtr-2) == PUSHI) {
/% ERETER 1T v A VBRI EE %/

iseg. isegPtr —=2;
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}

if (iseg.operand(iseg. isegPtr) !=0
&& iseg. operand(iseg. isegPtr+1) !=0)
iseg. appendCode (PUSHI, 1);
else iseg. appendCode (PUSHI, 0);
} else iseg. appendCode (AND) ;
} while (lexer.ttype == S_AND);

leftValue = false;

return lexer. ttype;

public static int parselLogicalFactor() { /% FPERT Eih 7202

BRSO XiTE:NPPNINER L

parseArithmeticExpression() ;

if (lexer. ttype == S_EQUAL || lexer.ttype == S_NOTEQ) {

DfEZE T — K */

if (expType != T_INT && expType != T_CHAR && expType != T_BOOL)
syntaxError ("Type mismatched”) ;
int leftExpType = expType;

leftToRight ) ; /x FEMETR HIZFEOT FL 2

int operator = lexer. ttype;
lexer. nextToken () ;
parseArithmeticExpression() ;
switch (leftExpType) {
case T_INT:
case T_CHAR:
if (expType != T_INT && expType != T_CHAR)
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D% — K */

} else

DfEZE T — K */

syntaxError ("Type mismatched”) ;
/% WA OIS —E LT uid=7 — %/
break;
case T_BOOL:
if (expType != T_BOOL)
syntaxError ("Type mismatched”) ;
/% WA ORIN—F LR T E=F — */
break;
default:
syntaxError ("Type mismatched”) ;
}

leftToRight () ; /x FEIEIR BIEFDOT RLA

int pctr = iseg. appendCode (COMP) ;
if (operator == S_EQUAL)
iseg. appendCode (NOT) ;
expType = T_BOOL;
leftValue = false;
if (lexer.ttype == S_LESS || lexer. ttype == S_GREAT
|| lexer.ttype == S_LESSEQ || lexer.ttype == S_GREATEQ) {
if (expType != T_INT && expType != T_CHAR)
syntaxError ("Type mismatched”) ;
int leftExpType = expType;

leftToRight ); /x FEMETR HIZFEOT FL 2

int operator = lexer. ttype;

lexer. nextToken () ;
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parseArithmeticExpression() ;
if (expType != T_INT && expType != T_CHAR)
syntaxError ("Type mismatched”) ;

leftToRight () ; /x FEIEIR BIEFDOT RLA
DffZE T — K %/

int pctr = iseg. appendCode (COMP) ;

switch (operator) f{

case S_LESS:
iseg. appendCode (INC) ;
iseg. appendCode (NOT) ;
break;

case S_GREAT:
iseg. appendCode (DEC) ;
iseg. appendCode (NOT) ;
break;

case S_LESSEQ:
iseg. appendCode (DEC) ;
break;

case S_GREATEQ:
iseg. appendCode (INC) ;
break;

}

expType = T_BOOL;

leftValue = false;

}

return lexer. ttype;
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public static int parseArithmeticExpression() { /*x Bl (BffHE
FoITE DR/ ZE) */
parseArithmeticTerm() ;
if (lexer.ttype == S_ADD || lexer.ttype == S_SUB) {
if (expType != T_INT && expType != T_CHAR)
syntaxError ("Type mismatched”) ;

leftToRight () ; /x FEIEIR BIEFDOT RLA
DfEZE T — K %/

do {
int operator = lexer. ttype;
lexer. nextToken () ;
parseArithmeticTerm() ;
if (expType != T_INT && expType != T_CHAR)
syntaxError ("Type mismatched”) ;

leftToRight () ; /* B HIXZE D
7 RLADfEEZ R — K */

switch (operator) f{
case S_ADD:
if (iseg.operator (iseg. isegPtr—1) == PUSHI

&& iseg.operator (iseg. isegPtr-2) ==
PUSHI) {
/% TEEATER 1T A VERICEE «/
iseg. isegPtr —=2;
int val = iseg. operand(iseg. isegPtr)

+ iseg. operand (iseg. isegPtr+1) ;

iseg. appendCode (PUSHI, val);
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PUSHI) {

}

} else iseg. appendCode (ADD) ;
break;
case S_SUB:
if (iseg.operator (iseg. isegPtr—1) == PUSHI

&& iseg.operator (iseg. isegPtr-2) ==

/% TEE-TER 1Xa v A VERICEE x/
iseg. isegPtr —=2;
int val = iseg. operand(iseg. isegPtr)
- iseg. operand (iseg. isegPtr+1);
iseg. appendCode (PUSHI, val);
} else iseg. appendCode (SUB) ;
break;
}
} while (lexer.ttype == S_ADD || lexer.ttype == S_SUB);
expType = T_INT;

leftValue = false;

return lexer. ttype;

}

public static int parseArithmeticTerm() { /% BffriE (AT

£7NTE DR/ P/ RIAR) */

parseArithmeticFactor () ;

if (lexer.ttype == S_MUL || lexer.ttype == S_DIV

|| lexer. ttype == S_MOD) {
if (expType != T_INT && expType != T_CHAR)
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syntaxError ("Type mismatched”) ;

leftToRight () ; /x FEIEIR BIEFDOT RLA
DffZE T — K %/

do {
int operator = lexer. ttype;
lexer. nextToken () ;
parseArithmeticFactor () ;
if (expType != T_INT && expType != T_CHAR)
syntaxError ("Type mismatched”) ;

leftToRight () ; /* B HIXZE D
7 RLADfEEZr— K */

switch (operator) f{
case S_MUL:
if (iseg.operator (iseg. isegPtr—-1) == PUSHI) {

if (iseg.operator (iseg. isegPtr-2) ==
PUSHI) {

/% EBEER 1o A VERTEE */
iseg. isegPtr —=2;

int val =

iseg. operand (iseg. isegPtr)

iseg. operand (iseg. isegPtr+l) ;
iseg. appendCode (PUSHI, val);

} else if (iseg.operand(iseg. isegPtr—1)

== 0) f
/% x*%0 1L 0 ITAEHL %/
iseg. isegPtr —;
removeStackTop(); // A& v 7 k
v T DERE
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iseg. appendCode (PUSHI, 0);

} else if (iseg. operand(iseg. isegPtr—1)

/% *1 THIBR */
iseg. isegPtr—;

else if (iseg.operand(iseg.isegPtr—1)

/% x/=1 1% —x ([TEH */
iseg. isegPtr—;

if
(iseg. operator (iseg. isegPtr-1) == CSIGN)

iseg. isegPtr—;
else iseg. appendCode (CSIGN) ;
} else iseg.appendCode (MUL) ;
} else iseg. appendCode (MUL) ;
break;
case S_DIV:
if (iseg.operator(iseg. isegPtr—1) == PUSHI) ({
if (iseg.operand(iseg. isegPtr-1) == 0)

syntaxError ("Zero divider
detected”) ;

else if (iseg.operator (iseg. isegPtr—2)
== PUSHI) {

/x ER/EE X3 S VISR */
iseg. isegPtr —=2;

int val =

iseg. operand (iseg. isegPtr)

iseg. operand (iseg. isegPtr+l) ;
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iseg. appendCode (PUSHI, val);

} else if (iseg. operand(iseg. isegPtr—1)

= 1)
/% /10 HIBR */
iseg. isegPtr—;
else if (iseg.operand(iseg.isegPtr—1)
== -1) {

/% x/=1 1% —x \TAHE %/
iseg. isegPtr—;
if
(iseg. operator (iseg. isegPtr-1) == CSIGN)
iseg. isegPtr—;
else iseg. appendCode (CSIGN) ;
} else iseg. appendCode (DIV) ;
} else iseg. appendCode (DIV) ;
break;
case S_MOD:
if (iseg.operator(iseg. isegPtr—1) == PUSHI) ({
if (iseg.operand(iseg. isegPtr-1) == 0)

syntaxError ("Zero divider

detected”) ;

else if (iseg.operator (iseg. isegPtr—2)
== PUSHI) {

/x EBRER (X3S VISR */
iseg. isegPtr —=2;

int val =

iseg. operand (iseg. isegPtr)

%

iseg. operand (iseg. isegPtr+l) ;

- 101 -



iseg. appendCode (PUSHI, val);
} else iseg. appendCode (MOD) ;
} else iseg. appendCode (MOD) ;
break;
}
} while (lexer.ttype == S_MUL || lexer. ttype == S_DIV
|| lexer. ttype == S_MOD);
expType = T_INT;

leftValue = false;

}

return lexer. ttype;

}

public static int parseArithmeticFactor() { /% B[R+ */

if (lexer. ttype == S_SUB) {
/x HIEEBE O E OLGE */
lexer. nextToken () ;
parseArithmeticFactor () ;
if (expType != T_INT && expType != T_CHAR)

syntaxError ("Type mismatched”) ;

leftToRight ) ; /x FEMETR HIZFEOT FL 2
DIz — R */

expType = T_INT;

switch (iseg.operator (iseg. isegPtr-1)) {

case CSIGN: /% — — [IfRrZE =/
iseg. isegPtr—;

break;
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case PUSHI: /% =B AE T R VIRHTENRL %/
iseg. isegPtr—;
int val = iseg. operand(iseg. isegPtr);
iseg. appendCode (PUSHI, -val);
break;

default:
iseg. appendCode (CSIGN) ;
break;

}

leftValue = false;

} else if (lexer.ttype == S_NOT) {

lexer. nextToken () ;

parseArithmeticFactor () ;

if (expType != T_BOOL) syntaxError ("Type mismatched”);

leftToRight () ; /* EVMEZRHIXZFDT RLA
Dz — R *x/

switch (iseg.operator (iseg. isegPtr-1)) {
case NOT: /x 1V TBRE */
iseg. isegPtr—;
break;
case PUSHI: [ VR 1E T XA VIR R %/
iseg. isegPtr—;
if (iseg.operand(iseg. isegPtr)==0)
iseg. appendCode (PUSHI, 1);
else iseg. appendCode (PUSHI, 0);
break;
default:
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iseg. appendCode (NOT) ;
break;
}
leftValue = false;
} else if (lexer.ttype == S_INC || lexer.ttype == S_DEC) {
int operator = lexer. ttype;
if (lexer.nextToken() != S_NAME) syntaxError ("Need Var”);
parseUnsignedFactor () ;
if (lleftValue) syntaxError (“No left Value”);
if (expType != T_INT && expType != T_CHAR)
syntaxError ("Type mismatched”) ;
iseg. appendCode (COPY) ;
iseg. appendCode (LOAD) ;
if (operator == S_INC) iseg. appendCode (INC) ;
else iseg. appendCode (DEC) ;
iseg. appendCode (ASSGN) ;
leftValue = false;
} else parseUnsignedFactor();

return lexer. ttype;

public static int parseUnsignedFactor() { /% HIEJEZE H LUK+ */
switch (lexer. ttype) {
case S_NAME: /% ZEHL */
parseVar () ;

if (lexer.ttype == S_INC || lexer. ttype == S_DEC) {

- 104 -



if (expType != T_INT & expType != T_CHAR)
syntaxError ("Type mismatched”) ;
int operator = lexer. ttype;
lexer. nextToken () ;
iseg. appendCode (COPY) ;
iseg. appendCode (LOAD) ;
if (operator == S_INC) iseg. appendCode (INC) ;
else iseg. appendCode (DEC) ;
iseg. appendCode (ASSGN) ;
if (operator == S_DEC) iseg. appendCode (INC) ;
else iseg. appendCode (DEC) ;
leftValue = false;
}
break;
case S_PROCESSOR: /* $p */
parseProcessor () ;
break;
case S_INTEGER: /* TEHL */

parseConst () ;

break;

case S_CHARACTER: /% SCFRUER */
parseCharConst () ;
break;

case S_TRUE: /% GBI ES */

case S_FALSE:

parseLogicalConst () ;
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break;

case S_READINT: /

*

readint */
parseReadint () ;

break;

*

case S_READCHAR: /* readchar */
parseReadchar () ;
break;

case S_READSTR: /

*

readstr */
parseReadstr () ;
break;

case S_RAND: /* rand */
parseRand () ;
break;

case S_LPAREN: /x () */

*

lexer. nextToken () ;
parseExpression() ;
if (lexer. ttype != S_RPAREN) syntaxError ("Need )”);
lexer. nextToken () ;
leftValue = false;
break;
case S_STRING: /% 3L %/
parseString () ;
break;
default:
syntaxError () ;

break;
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}

return lexer. ttype;

public static int parseVar() { /* BB %/
if (lvt.exist(lexer.name)) syntaxError (lexer.name + 7 : Unknown”);
/% BEHEHEBNT =7 %/
int type = vt. getType (lexer. name) ;
arraySize = vt. getSize (lexer. name) ;
iseg. appendCode (PUSHI, vt. getAddress (lexer. name)) ;
lexer. nextToken () ;
if (type == T_ARRAYOFINT || type == T_ARRAYOFCHAR
|| type == T_ARRAYOFBOOL) {
/% BeHRL DA/
if (lexer. ttype == S_LBRACKET) ({
lexer. nextToken () ;
parseArithmeticExpression() ; /* BEFDURT- */

leftToRight () ; /* FEETR HIXED
T RLVADEZr— R */

if (iseg. operator (iseg. isegPtr-1) == PUSHI) {
/% EBITFDOT L A L3 3o JVIRICHE */
iseg. isegPtr—=2;
int addr = iseg. operand(iseg. isegPtr)
+ iseg. operand (iseg. isegPtr+1) ;
iseg. appendCode (PUSHI, addr);
} else iseg. appendCode (ADD) ; /% WFE-OEOAT20F
T RLAZT LI/
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public

public

public

if (lexer. ttype != S_RBRACKET) syntaxError ("Need ]7);

lexer. nextToken () ;
if (type == T_ARRAYOFINT) expType = T_INT;
else if (type == T_ARRAYOFCHAR) expType = T_CHAR;
else expType = T_BOOL;
} else expType = type;
} else expType = type;
leftValue = true;

return lexer. ttype;

static int parseProcessor() { /* $p */
iseg. appendCode (PUSHP) ;

expType = T_INT;

leftValue = false;

return lexer. nextToken() ;

static int parseConst() { /% B x/
iseg. appendCode (PUSHI, lexer.value);

expType = T_INT;

leftValue = false;

return lexer. nextToken() ;

static int parseCharConst() { /x SCERIES */
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public

public

public

iseg. appendCode (PUSHI, lexer.value);
expType = T_CHAR;
leftValue = false;

return lexer. nextToken() ;

static int parselogicalConst() { /* ZmEERIELL */
if (lexer. ttype == S_TRUE) iseg. appendCode (PUSHI, 1);
else iseg. appendCode (PUSHI, 0);

expType = T_BOOL;

leftValue = false;

return lexer. nextToken() ;

static int parseReadint() { /* readint */
iseg. appendCode (INPUT) ;

expType = T_INT;

leftValue = false;

return lexer. nextToken() ;

static int parseReadchar() { /* readchar */
iseg. appendCode (INPUTC) ;

expType = T_CHAR;

leftValue = false;

return lexer. nextToken() ;
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public static int parseReadstr() { /* readstr */
iseg. appendCode (INPUTS) ;
expType = T_ARRAYOFCHAR;
leftValue = false;

return lexer. nextToken() ;

public static int parseRand() { /% rand */
if (lexer.nextToken() != S_LPAREN) syntaxError ("Need (”);
lexer. nextToken () ;
parseExpression() ;
if (expType != T_INT && expType != T_CHAR)

syntaxError ("Type mismatched”) ; /% AR TR
7 — %/

leftToRight () ; /x FEIEIR GIEEDOT R ADfE%
7— R %/

if (lexer. ttype != S_RPAREN) syntaxError ("Need )”);
iseg. appendCode (RAND) ;

return lexer. nextToken() ;

public static int parseString() {
iseg. appendCode (PUSHI, ’¥0');
for (int i=lexer. string. length()-1; i>=0; i—)

iseg. appendCode (PUSHI, lexer. string. charAt(i));
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expType = T_ARRAYOFCHAR;

leftValue = false;

return lexer. nextToken() ;

public static void setUpOption (String[] args) {

int 1i;

for (i=0; i<args. length; i++) {

if (args[i].charAt(0) =="-") {

FATF— 5 DFT */

TNy TE— R %/

A NAIVIZNT %/

HE) = — FOFTR */

Hiyz— FDOFoR */

FLITRDFER */

L —ZAF—FK %/

BEFDER */

if

if

if

if

if

if

if

if

(args[i]. index0f (C ¢’)

(args[i]. index0f (C d’)

(args[i]. indexOf (' n’)

(args[i]. indexOf C o

(args[i]. indexOf (Cp’)

(args[i]. indexOf (s’

(args[i]. indexOf (C t’)

(args[i]. indexOf C v’

} else break;

}

if (i<args. length) {

sourceFile = args[i];
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1= -1)

1= -1)

1= -1)

1= -1)

= -1)

= -1)

1= -1)

statSW = true;

debugSW = true;

execSW = false;

ob jOutSW = true;

objPrtSW = true;

symPrtSW = true;

traceSW = true;

varOutSW = true;

/%

/%

/%

/%

/%

/%

/%



it++;
if (i<args. length) objectFile = argsl[il;
else objectFile = null;
} else {
System. out. print (“Source file : 7);

sourceFile = Console. ReadString() ;

objectFile = null;

/] AB T Ny TOT—=FEERETD
/] ERHENEN L 12 6T — 2 b R TRET D
public static void removeStackTop() {
/¥ AL T Ny T ORE CCFHNOSE) */
if (lleftValue && expType == T_ARRAYOFCHAR) ({
int operator, operand;
do {
operator = iseg. operator (iseg. isegPtr—1);
operand = iseg. operand(iseg. isegPtr—1);
iseg. isegPtr—;
iseg. print (iseg. isegPtr) ;
} while (operator == PUSHI && operand !=0);
/*PUSHL 0 NEINDETAL v 7 Ry T %/
} else {
int depth = 1;

while (depth > 0 ) {
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int prevOperator = iseg. operator (iseg. isegPtr—1);
if (prevOperator == INC || prevOperator == DEC
|| prevOperator == CSIGN || prevOperator == NOT

|| prevOperator == LOAD | | prevOperator == RAND)

iseg. isegPtr—;
prevOperator = iseg. operator (iseg. isegPtr—1);

} else if (prevOperator == PUSH || prevOperator ==

PUSHI) {
iseg. isegPtr—;
depth—;
} else if (prevOperator == ADD || prevOperator == SUB
' | prevOperator == MUL || prevOperator == DIV
| prevOperator == MOD || prevOperator == AND
\\ prevOperator == OR \\ prevOperator == XOR
|| prevOperator == COMP) {
iseg. isegPtr—;
depth++;
} else break;
}
for (int i=depth; i>0; i—)
iseg. appendCode (REMOVE) ; /¥ AL 7 Ny TD
PR */

/] AF T~y T OMENEAETHNIEeE— F L THAEIZT S
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public static void leftToRight() {
if (leftValue) {
if (iseg.operator (iseg. isegPtr—1) == PUSHI) ({
/*% PUSHI addr, LOAD |% PUSH addr [ZZ5#i */
iseg. isegPtr —;
int addr = iseg. operand(iseg. isegPtr);
iseg. appendCode (PUSH, addr);

} else iseg. appendCode (LOAD) ;

public static void syntaxError() f{ /* JET T — %/

System. out. println(“Systax error at line ” + lexer. inFile. linenum +
7 7 + lexer. token()) ;
System. out. println(lexer. inFile. line) ;

lexer. inFile. closeFile();

System. exit (1) ;

public static void syntaxError (String err_mes) { /* JExT T — %/

System. out. println(”Systax error at line ” + lexer. inFile. linenum +
” + lexer. token());

System. out. println(err_mes) ;
System. out. println(lexer. inFile. line) ;

lexer. inFile. closeFile();

System. exit (1) ;
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}

/* Kc. java ZZFE T */
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1k 3 FFtE 71 7 F A

// NT—2DOMHETOT I LA
// MEDQT—42DOMEpTOE Y HZEFE->TRDOS

// B

main ()

BIIZIZETE=IZ 0 (n/p + log p)

{

int n

I I
S —
<

int p
int i;
int j[4];
int a[16];
int b[4];

// WEAERA
parallel (0, p-1,1) {
for (j[$pl=n*$p/p; jL$p]<n*(§p+1)/p; jL$pl++) {
// aljl$pl] I20~9DELEAND
alj[$pl] = rand (10);
// WDEAERT
write (a[j[$pl]):
}
}

writeln;

// &FTatyHHadn/pEDT—4%2 DM ERHEFIbIZRA
parallel (0, p-1,1) {
b[$p] = 0;
for (j[$pl=n*$p/p; jL$p]<n*(§p+1)/p; jl$pl++) |
b[$p] += alj[$pll;
}
}

// 25 RZERWTEIbDOMEE
for (i=1; i<p; i*=2) {
parallel (0, p/(2%i)-1,1) {
b[$p] += b[$p + p/(2xi)1;
}
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J

// T
write (b[0]);
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