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1.1.1 MiHIETEH

A B ka7 CREME R B SIS MR D D, HEHEEZ R LT D00 kL
T, HEEORWTav v E2HWE), HDOVIXWHNLHEZITHI D 2 @O RNEZHND,
SBUEH—DT oy HENOMELET LI XAOKRBIZIIRARH S L) Z L2 TS
NTWD, —J, WHNLEI TR E ORFUIARERNAFIE LRV, 272D, L0 &ERE
WAL ZIT 2 HEtEE L L CIPSIEHERE (Parallel Computer) 23EH S CW5, WHIGHERE -
T O T vy E2ROREMO Z & TR O & MET AREO YA ANRRKREL 2D
EWV ) ToDRE AR, WHIFEKIZ, 2 ToT oy R L AT VI L CAEE
AT, Taty HEOEES ATV 2@ U T o A AE VAN FEM (Shared Memory
Parallel Computer) &, ZHnZEFno 7ty B FEHAEY KL, 7 ut v HREOBEIL,
Sy hU—7 &8 L TIT D i A ) RS ERE (Distributed Memory Parallel Computer)
LlcRplEn s, AEAEVAGEMKITI T o vy OBELZ&EEIITI) ZENTE, Ity
P CORM I LT W= @EKOEYIZHND 2 2 b ERICETICESE b &S5 2 &2
Hks, —F, Faty OB, 1O5DEEAEV IZETOT ety FE ol b
IWNEEL 72D, ZORDASBIETIE, 7rt vy P EOLWWSFHERE TIIToHA £ Y MBS T &
o TWD, £, BEOHEKAE XY NU—7 THORE, TNEEREIBRFE-KEE L TR
57 7 AL (Cluster) 7V v FLEE (Grid) HIEIA<ATHLIL TV D,
EH LA UE L SNDBORMAM G E LTUHIRDO LI R b DR H D,

(1) HEREREDO VI 2L —y 3 V08
(2) RRTHTHW I D EETH 05
(3) BRI S ket
(4) JFaEw) By By

(5) FHEHHHOL I 2L — 3 V58

i
il

IHHDO3E TR, HHERREO&mE KD 5N DD, £ OB AEHEREZ I CE
DR X 72 M & R TRV TV D,

1.1.2 HdHMIBEAEH7ZILT) XL

BITE, WAHIERICx L CREZ RN FE LTV D, WHLERIX, HDMEEZME S, 20
M L0 /NS WEEOHSEIZSE L, ZOHsMEE GO 7 0t v 323 HFH L TR L
HTHDH, WHIBEZITH Z LI L0 HMERREZ SIS Z ks,

7=a U XA (Algorithm) &, REZME 720D FEEZTEODTZLOTH D, T OPFIAIZEE
RROELRNE D ZTHALEDTE LD TRITIIRR L2\, FIEAZPMICED ThilX, 5HHA
WEaZOFRIEEBVEIN L CHEEZMNEDLZENTES, 71TV XL LWV EEBEITEE
B & MEBAMRICHNE T 223, Wil EH A ICREZ T 272D FIRTH 5,

W7 =1 X2 (Parallel Algorithm) (X3 5IGHEME ECRIEZ < FIEZFTER L7=2H DT
HDH, WHITNIY ZALZ, EOXH 77 —2anEIL, ThE o7 at v cEY Y THM
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S LT b0, 0720, —fRENIIBER T VT AL EFDOEFEWHT T XA
W25 Z LI TE, WALFRICKHS S TH I T AT ) ALEERT D 0NERNH 5,

1.1.3 HFFHEETIL

IR T NI Y XL EWHTNTY XLDENZDOWNTIRARSL, BKRT LT XTI,
1. 12779 RAM (Random Access Machine) FCHEIT&N 5, RAMIZAEY, 7uatk v,
MED=ZDONERY ALBEONEICH DT — X 2 HhEZARRICT DO THDH, ZORKHEA
ETNMCEDE, Tyt —HBENDAEVIC 1 BRI 1 MA2FEITAREE LTEZDLOTH
Do
WHIEHRET Vi, dF4] A7 2 (Parallel System) & 73#3 A7 A (Distributed System)
KEL 2D ETHILENTE D, WHIVAT LEZHE AT 2O FIZHEAETL01%. FE
WIZELS DML L7 at v nbioTnNDHENI Z L THD,WHNS AT L ESET AT L
DEHBREIRE NI, BT L2 L0 Z e BEEDRITH D, BRFEOLE
IZIFFE DA EE Z T+ Th o722, WA CIREE OB XD LENH H, WHIFHHE TIX
Taty HHOT—ZEREDO HELHA THH , ZUBWHEREOR L LWMAlE TH 5, W5
VAT HIZBWTIE CPU & A Y OFREEDHEFICEZ OFANEZEZOND, ZO/RENED L
N7 TWDEMN, FEZOREDO L LETED LY ITHEREMNMTONLDE), EWVWH ZEEERLYE
TFIE 7 5720, LR o T, BT AR DNV E NS Z LT,
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1.1.4 PRAM
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THMMZEYD PRAM IZLLFD 4 DIZHE I 5,

@ Hefhge At Lk E X A (EREW, Exclusive-Read Exclusive-Write) PRAM
AEYNE~T 7223 TH S, PO 2507ty P HE L AT YAEDND R
DA LT D EZAALTED TE 20,

@ [FEFFEAH LY E = AZ(CREW, Concurrent-Read Exclusive-Write) PRAM
HEOT ot v B RREEFZE AT YNMENDRAET I ENTE D0, EXIALOHERIX
PRI TH D, Eo 2507 at v HE U AT VMEICFERICES AT X TR0,

@ HEfhFe A H LR E X A (ERCW, Exclusive-Read Concurrent-Write) PRAM
BEOTaty Y REFFICEC AT VMEICEZIATLZ ENTE D0, FiAm LIZgEtAy T
HD,

@ [AIHFFE A T m] i % S A Z(CRCW, Concurrent-Read Concurrent-Write) PRAM
HHE o7ty L BE U AEYNMESDRRGEAE L FRFE S IALDRD 5TV 5,

%72, CRCW-PRAM ([ E Z AL TON D EROLHTT{ETUT O 3 FIZHH SN D,

(A) 5% (Priority) CRCWPRAM
FIRFEEIALDE Z > 72K, B b ERIEM N EmW D DR EX ALK T 5,

(B) &% (Arbitrary) CRCWPRAM
AP AL DL Z o 7oy, ENp— 2O RFEZ AT D,

(C) 3@ (Common) CRCWPRAM
FIRFEZIAADE Z o7, 2 THRRUEEZIAG O & LRI L, ZoMiT
T—L35,

K727 ot v+ ToAE YO0, BESCHRB O EHICIITEEA Z2ENE T D, £
D7=., PRAM HIKOEBIIIERICRETH 5,

115 PRAMYEal—4%

1.1.83 THAHI L7225, PRAM BHEROFEBUIFEFICHETH S, £D7zH, PRAM 7131
R L DR OREA R L OREN G B4 FEBRVIZFHE 3 5 DA S TlidZav, - T, PRAM
TN Y XAOFERIZFAM AT 5 72DIC PRAM v R 2 L—Z REE L 725, PRAM v = L
— XX PRAM L TOWHT NIV XLDFETETIab— L, ZOFETHEREHTLEOZE
DO FEATRH Z 5T ARE A FF > 7' e /7 7 LA Th D,
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@ BKHhEFETHI WS T BT Z
WAL ZAT S T DT 2 MR T2 T7 '8 77 Th b,
@ PRAM =2 /31
PRAM HIfAISFE TR INT=7 0l T L5 WHNT 77707 T MIEHT L a
AT THD,
@ PVSM (Parallel Virtual Stack Machine)
WH T v 7T 70T heFITTELA 2T 2 ThHD,

LLFDK 3. 12 PRAM ¥ X o2 L— 2 OEITOHRNERT,

2 —% X PRAM A4 E58% T PRAM HIFHIE5E7 /v 3 U X A &b 5, kIZ PRAM
M HEiE7e 77 5% PRAM a2 XA 72HWC AT 7727077 LNIEBL,
PVSM ZHWTCW AT 7T 7 a /T LAuxFE T 5,

PRAM HIfFIEFET 0 7 7 A

PRAM 31 Z

D12 ]| W i

& 3. PRAM o' 2 =2 L— ¥ DETOFEN

SFD ., BHEETH S PRAM ASISECENNT-Ta /T LW TR T T T T
LB L, WA T 7T 70T 0% PVSM CTHEITTHZ &1L, =—3L PRAM
WHISFEY v 7 7 5% PRAM L CEIWES 72850 1k L OSATRHE 251l ¢ &, PRAM 7
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WHN T Y X ATEGHEZ - S 72 o7, IESPE L 1ZT7 v T U X ANHROKEH
WIZIELWEEZ 1352 & Th b, ELMHEOBERIRREEIEEZE Z 6N D2 TOT —XIZX LT
ELWZ EZRFEL, ZORBEELHIET 2MENH S, WHIT LT Y XLAOEGFHE L NZEDH
RO 1% < D54 PRAM(Parallel Random Access Machine) FCirhon b3, i E
W DI3ERICHETH D, TD=H, WHT LT Y X LOIESMEEFEBRANZGEH L= 0 | &
HEOFNZ EBRIICATH) Z T LV, & 2 CTARIFETIE, JAVA SREE Wiy 7 vy
X LDOBRFB I OEOHBEEOMT ORI E X ETDZDICPRAM V2 2 L—XD—ETH
5 PRAM =2 /31 7 235t 5,

1.3 A|ETOHAL

KMEEZEOWEZ LTI ARD, 5 2 FTIE, ABZETIER L7Z PRAM = /3 Z{2O0
THRRD, % 3ETIX, FiREB5, PRAM 2231 TORGEEIT Y, £72. W 20D
BT AEMBFITTHZEICEY ., ER L3 A FOESH 2RI 5, # 4 ETE,
BEDMREENER - LT, Mism& SHBOBE LR L TWD,



2.1 PRAM Bii5IEE

AHFFE T, EREE L U THEE. 1ISRT k05 SEELHLE L7-459E k05 SEA1ERT 5.

LR k05 S35, mk S5 k05 S:35I1CLL F D PRAM | ToNHIALER 21T 5 M4 “parallel 37
BLOETHFO T vt v ESE2FRTTIR/HGL S “$p” M2 bDOTHS, “parallel 37
DIEFLLTFO XY ICEFRSIND,

parallel ( XD , @ ) L

Z 2 TAROEROIT int HOFHIEE FFH>XNTH D, £/2. T2 TOLT “parallel 37 =5
FRVEEDO X TH D, “parallel L7 X, 7oty PHSRXONLRQFETCORDOT kv
ZFHWTH% AR XOWILE 21T 5 S Th D,

Flo. XPITHFERL S “$p” Rl T 5 L “$p” FFETHFOT nk v ESOEEROLK
LTINS,

{18k 2 IZARMIZE CTHERL L 72 968E k05 SRE D EE RT,

PRAM MtAIERET 0 7T LOFETHIX, 2 DOREDFET D, ety 1 DL m
TERIATTHBWIRAE L . “parallel 37 ICXVIRESNTEHEO T vt vy PR m 2 FITTD
WHLIREETH 5, 707 T Ll LIZER, BUIREETH Y, “parallel 37 & FEAALS a4
DTSR AE E L TEIT S, U OMFITZRIRIREE LTIITS D,

22 HWHTFELITS

AW TIET |77 L LTHESITRT VSM 7 77 1B T 5,

— R DFHEREANI TITON T WD IR A X v 7~ T H VSM i Stack, Iseg. Dseg.
Petr, ® 4 SOWRERTH D, AFFETIERT D577 Z1%, k05 SO HIEFEE L
THWHLNADL VSM 727 70ty MU TO 3 20T EMAT-bDOTH D,

O PARA : WHIRE OB Z R T T Th D, BURIEN S WINRIEIZEATT 5,

FEICRIEFATHIC PARA M2 HE 2 &0k 0 FELEZROLE QDT —¥
WAL Y 7 BRSNS, T LT, ROPHRO~L 7 ut v AN
MAEFITL TN, £, WHIRBICHE PARA ff 275 2 ARER, #iT—
AR A

O SYNC : WAL O T &7 at vy FHORM AR T M Th D,

WHPRREEATHIC 7 vt v Y TR Z & 0 | BUIRREICBATT 5, WHIIREE
F1Z SYNC i Z wt A A TZER SEAIREEEIT O THO T -t v ¥ SYNC
MAICEET 5 E TEITETMT 5, 2 TO7rt v ¥ SYNCIZEIZET S &,
ZNLIERITBERRE~ERY | Tt v —BORN mm 2 FTT 5, BIKIRE
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FIUZ SYNC i Nt A EN D L FIT T — L2 D,

O PUSHP: 7Vt voHHFESZEAX v TIZANLMBTH D,
AR T EFEITL WS Yoy ooy hHFESEHAT S,

23 PRAMaV/iM S
AL T L Tr TV ER (RBkER) TEMIET R T LE, arEa—d )
ERZRAT AR (BEE D 7' 0 7T L) IR DB EATO V7 U= T Th D, £,

SRS G R DB TS 3 S L E T, IR LIRS,
RBFFETIE, W7 L= ) R LORGHS LT OFE RO OR S LE BT 5101,
PRAM X = L—4 0L LT, JAVA 3% C PRAM FICHESE L7k k05 S35

VSM 7t v 7 5128814 % PRAM = > 31 T 2Bk %,

2.3.1 PRAM a8 SDIER

AMFFE TR S D a5 T1E. LT OB D

(1) “FRaIfRATE
FRENTEE Tl A7 7 A AP OF % InputFile 7 7 A% ANWT T 7 A Vb —XF$ D
FATWNE, k05 SO~V A 7 i LN o TEBALTF, aXy e 82T L TH
— 7 U ERRE—BIFANCESWTERGI Y LT, Bty 7 a 75 AMIETEE 2 Ho, 810
HL7Zh—27203F int BOT 40— L RIZENTHEDEL, TOfEE F—7 L OXIRIE

Symbol.java (ZfE 5 & D L5,

(2) K STRRATE
fabcl W o FadFNx, X (Expression) W) — OO EIZE LD BND, DX
) VA SCRRATER ClE, TR DY 2 SHEEICE L D,

(3) HIKIBRAES

HIFIRRAES Clrd BB & 7 — N 2 BN B o B - L CIX B 5 72 ERUE R 2 fhi
L. HEFROEEE R EDO—FITH L TL—IZIEFE > TWAD, FJERENNE TS,

(4) =— FARKH
a— RAEREH Tl MIRNOA TV 27 ha— a4kt 5,

AW TIERL L7z PRAM 2 U /34 FIXLLTF D7 T AN DB S,



- [Lexical Analyzer] : FHFEHT TH L0, F « L At ATZERICHBI S E 2 L) ICRESE
77, Bl LT, "p’ AR “parallel” EHIWrEED L9 LT,

[Operators] : “PUSHP” “SYNC” 72 ¥ ® PRAM A7 v 7 I SiE2{ <~ 0 FTHRL, 7

077 LEEE - UHTSEOREAD DR LT,
- [Symbol] : [ Lexical Analyzer | CHIEF &4 7-XF% “symbol” T “parallel 3¢” “write 307
72 E 2t ST,
FROMBLILOLED S Y %[ Pram NZER L7z,

« [Pram] :

fHe% 4 IZARMZE TR L7 PRAM 22 3 A T 70 7T L& RT,

2.3.2 PRAM a v/ SO

LU TFIZARME CIERL L7 PRAM =2 /31 T OfEER FIEZ R T,

[aaak |Z4L3E k05 SREIC Lo TRtk SN/ PRAM 7 v A3 XL L4 5%, IFOa~vy Fa
F179 5L, [aaak ] VSM 7 7 Z iz s, [outputfile [IZH ) S5, [outputfile ]

ZEME LT-3%A1%, [OpCode.asm I i &n 5,

> java Pram aaak [outputfile]

PRAM =2 %A FIZ X WVERR SN VSM 72 712 PVSM A > 2 77U 22X 0 FEITIN
5 VSM 7757707 NI TFTOa~y RIZXVFEITTE D,

> java PVSM [-c¢] [aaa.asm]

l[aaa.asm]% PRAM =34 IR4E L VSM 7o 7970 7S 035, 774 V4%

A L72BR1X OpCode.asm 23FEATEND, £z, (7 v ary — | 213 TFETTLHZLICX
V. PLE kOS5 S5 CTEN N PRAM 711 75 5 ah PRAM | CTHEITLEBOFEITRE 2 HIE T

&5



3 #HRRUREE

AWFZETIE, VB LT a3 T OS2 WEET 5728
YERC L. ZNDIELLS U XA NV ENDEMREE LT,
LUFDK 413, IE5E kK05 BRI L A7 0 7T Al aRT,

. WO PRAM V' T A x

Main 0 {
Parallel (0, 15)
Write( $p ) ;

X 4 JEER KOS SFET 0T T A

M a7 IhE, 7oty HFESO0OEFENDL 1IBHFED 16 5Oty RnETHO T atk
Y BEDEEZEOLEHE LTSN, WHNCEITTDH LW T al T A ThDH, AFgETE

L7 PRAM 2280 2N 2 EIC80 ., [ aDT7n s T ATR 51T VSM 77
TICEHEND,

PUSHI ©
PUSHI 15
PARA
PUSHP
OUTPUT
SYNC
HALT

5 VSM 7t 7 >

5D VSM 775770275 L% PVSM TEITTAHZLICED, ¥ 6 DETREENES
na,

01234567891011121314 15
Execution time : 7

6 PVSM O FATHER

X 6 DEITHRELD , BT DEAT v 7HINT ThH EFHEND, bbb, K 4 Ok
EKkOS SE7 17T L% PRAM FCETEE-EEOFETERNT THDHZ L REN5,



VL EDORER DG AR TIER L7 PRAM =234 /X PRAM 7'rv 27 J L% IEL L 2R
AL, PVSMIZ X D WAHSLEL S e fE R 45 2 L 2R TE Tz,
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4 $ER - SERORE

AL TIE, JAVA S22 AW THH T LT Y X LAOREHEB X OZEDF kka@ﬁﬁﬁ@ﬁ%ﬂ:%:
KT D700 PRAM V2 2 L—ZDO—¥Th D PRAM 22234 FER LT, AHFZE CTIERK
L7ZPRAM =2 XA WA Z LIZXY PRAM 7L X‘A@%ﬁblﬁ%)éH#F‘a‘ﬁ’%%ﬂﬁﬂ“(“
X5, PRAM VX 2 L—% L LTCOFKKBOENIIMZA LV I 2V —FEHEBTX 5,

AAFFECTHERL L7= PRAM =2 > 234 71X “parallel %~ % u/uﬁlg‘? KA DTut i
HAFFHE S5 2 EIEFTEEIC L7y, A% O E LT “parallel 5" H1iZ “parallel fii45”
AFEATTEDEWVIOMREAILET A Z ENELZOND, XIS EDHZ ERNEZOLND, TD X
IRIIEEATHI Z LICE D, EBICFDHABOMITTORIETETEx D, £12, 7k v
Tk 2 OBELTC, TOMETEIEICWILIETWER, FFELZ ey EEOM%E 1
DEITL. 22X LR ETHINETE 5 L9 7% “parallel L ITHICIHELHZ BB BND,
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A

AGE 2T HI2H720  JAVA S5E. 743U X L0 WA £ T2 Inewvg s
O TR, B E 2 TEW - A KEEAIIIEROREL T T, /-, KL= SAUB
DT LT ERNETR, ZO—F/IARKIHYRE S TINFE LT,

Z LT, RAUIEHRmE LR EO T 4 IITFE HENSEBSES 20 | a2 RIS O - TIE
X RWESH EoKEbEFELET,
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[1] “FHh - ar Ca—F AT AVAT LAY 27 b 1 REE TS KPR E RSP, Rk 17
)
[2] Joseph JadJa : “An Introduction to Parallel Algorithms”. Addison-Wesley(1992)
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1 kO5 BFEDXiE
VLRI ABESE T2 k05 SO CEE R,

<Program>::=<Main_fanction>

<Main_fanction>::="main” “(’ “)’<Block>

<Block> ::= “{” { <Var_decl> } { <Statement> } “}”

<Var_decl>:= (“int” | “boolean”) NAME [ “[” INT”]” ]
{“”7 NAME [ “[u INT u]” ] } 4:;”

<Statement>::= <If statement> | <While_statement> | <Assignment>
| <Write_statement> | <Writechar_ statement>

| u{” { <Statement> } “}” | u;”

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

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

<Assignment>::= <Lefthand_side> “=" <Expression> “”

90 GCe))
’

<Writeint_statement>::= “writeint” “(” <Expression> )

9 (Ced)
’

<Writechar_statement>::= “writechar”(” <Expression> )

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

“| |“

<Expression> ::= <Logical_term> { <Logical_term> }
<Logical_term> ::= <Logical_factor> { “&&“ <Logical_factor> }
<Logical_factor> ::= <Arithmetic_expression>

| <Arithmetic_expression> “==“ <Arithmetic_expression>

(4'_“

| <Arithmetic_expression> <Arithmetic_expression>

| <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> | “I“ <Arithmetic_factor>

“-“ <Arithmetic_factor>
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<Unsigned_factor> ::= NAME | NAME “[” <Expression>“]“ | INT | CHAR

| “(“<Expression> “)“ | “readint | “readchar® | “true“ | “false“

2 ¥L3& k05 BFEDIE
PUFIZARBFGE THERR L7295k k05 SREDIEE R T,

<Program>::=<Main_fanction>

<Main_fanction>::="main” “(’ “)’<Block>
<Block>::=“{” { <Var_decl> } { <Statement> } “}”

<Var_decl>:= (“int” | “boolean”) NAME [ “[” INT"]” ]
{“’” NAME [ cc[cc INT “]” ] } “;”

<Statement>::= <Parallel statement> | <If statement> | <While statement>

| <Assignment>| <Write_statement>

| <Writechar_statement> | “{” { <Statement>} “}” | «”
<Parallel_statement>::= “parallel” “(” <Expression> “~ <Expression> “)” <Statement>
<If _statement>::= “(” <Expression> “)” <Statement>
<While_statement> :: = “while” “(” <Expression> “)” <Statement>
<Assignment>::= <Lefthand_side> “=” <Expression> “”

99 €Ced

<Writeint_statement>:= “writeint” “(” <Expression> “)”

99 (Ced

<Writechar_statement>::= “writechar” (" <Expression> “)”

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

“| |“

<Expression> ::= <Logical_term> { <Logical_term> }
<Logical_term> ::= <Logical_factor> { “&&“ <Logical_factor> }
<Logical_factor> := <Arithmetic_expression>

| <Arithmetic_expression> “==“ <Arithmetic_expression>

(4‘_“

| <Arithmetic_expression> <Arithmetic_expression>

| <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> | “I“ <Arithmetic_factor>
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| “-“ <Arithmetic_factor>
<Unsigned_factor> ::= NAME | NAME “[” <Expression> “|“ | INT |

|“

| “$p“ | “(“<Expression>“)* | “readint® readchar | “true”

3 VSM 7> TS50k

LATNICAFE AW VSM 71 v 7 7 O3EE 7T,
ASSGN:
addr = Stack [--SPI;
Dsegladdr] = Stack[SP] = Stack [SP+1];
ADD: BINOPH®);
SUM: BINOP(-);
MUL: BINOP(*);
DIV:
If (Stack[SP] == 0)
{
printf(‘Zero divider detected¥n”);
return -2;
H
BINOP(¥);
MOD:
If (Stack[SP] == 0)
{
printf(‘Zero divider detected¥n”);
return -2;
H
BINOP(%);
CSIGN: Stack [SP] = -Stack[SP];
AND: BINOP(&&);
OR: BINOP(] |);
NOT: Stack [SP] = !Stack [SPI;
COPY: ++SP; Stack [SP] = Stack [SP-1];
PUSH: Stack [++SP] = Dsegladdr];
PUSHI: Stack [++SP] = addr;
REMOVE: --SP;
POP:  Dsegladdr] = Stack[SP--];
INC:  Stack [SP] = ++ Stack [SP];
DEC:  Stack [SP] = -- Stack [SP];
COMP:

16
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Stack [SP-1] = Stack [SP-1] > Stack [SP] ? 1:
Stack [SP-1] < Stack [SP] ? -1 0;
SP--;
BLT: if (Stack [SP--] < 0) Pctr = addxr;
BLE: if (Stack [SP--] <= 0) Pctr = addr;
BEQ: if (Stack [SP--] == 0) Pctr = addr;
BNE: if (Stack [SP--] != 0) Pctr = addr;
BGE: if (Stack [SP--] >= 0) Pctr = addr;
BGT:  if (Stack [SP--] > 0) Pctr = addr;
JUMP: Pctr = addr;
HALT: return 0;
INPUT: scanf(“%d%*c”, &Stack[++SP]);
INPUTC:scanf(“%c%*c”, &Stack[++SP]);
OUTPUT:printf(“%15d¥n”, Stack [SP--]
OUTPUTC:printf(“%15c¢¥n”, Stack [SP--]
LOAD: Stack [SP] = Dseg[Stack [SP]];

4 PRAMavIA457045 54

LUTIZAZE THWZ PRAM 23 70 7T KaRmd, AR TIER LI v 7T LI
DGR B D,

(1) Pram.java

(2) LexicalAnalyzer.java

(3) Operators.java

(4) Symbol.java

(5) Varjava

(6) VarTable.java

(7) inputFile.java

(8) Instraction.java

(9) InstractionSegment.java

(10) Type.java

(11) TruthValue.java

(1) Pram.java
import 10Tools.*;
public class Pram implements Operators, Symbol, Type, TruthValue

{

static LexicalAnalyzer lexer;

17



static VarTable vt;

static InstractionSegment iseg;

public static void main(String[] args)
{
if (args.length == 0)
{
System.out.println
("Usage: java Kc <file_name> [<objectfile_name]");

System.exit(1);

lexer = new LexicalAnalyzer(args[0]);
vt = new VarTable();

iseg = new InstractionSegment(false);

lexer.nextToken();

parseProgram();

lexer.inFile.closeFile();

if(args.length == 1)
{

iseg.dump2file();
telse

{
iseg.dump2file(args[1]);

/I 7a 7o KX

public static void parseProgram()

{
parseMain_function();
iseg.appendCode(HALT);
}
Il A A 3L

public static void parseMain_function()
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if (lexer.ttype==S_MAIN) lexer.nextToken();

else syntaxError();

if (lexer.ttype==S_LPAREN) lexer.nextToken();

else syntaxError();

if (lexer.ttype==S_RPAREN) lexer.nextToken();

else syntaxError();

parseBlock();
§
7wy 73
public static void parseBlock()
{
if (lexer.ttype==S_LBRACE) lexer.nextToken();
else syntaxError();
while (Iexer.ttype==S_INT| |lexer.ttype==S_BOOLEAN)
{
parseVar_decl();
while (Iexer.ttype!=S_RBRACE)
{
parseStatement();
H
lexer.nextToken();
§

I ZHES

public static void parseVar_decl()

{

int type=0;
String name = "";

int size = 1;

if (lexer.ttype==S_INT| |lexer.ttype==S_BOOLEAN)

19



type = lexer.ttype;
if(type==S_INT)type=T_INT;
if(type==S_BOOLEAN)type=T_BOOL;
lexer.nextToken();

}

else syntaxError();

if (lexer.ttype==S_NAME)

{
name = lexer.name;
if(vt.exist(name))syntaxError();
lexer.nextToken();

}

else syntaxError();

if (lexer.ttype==S_LBRACKET)

{
if(type==T_INT)type=T_ARRAYOFINT;
if(type==T_BOOL)type=T_ARRAYOFBOOL;

lexer.nextToken();

if (lexer.ttype==S_INTEGER)
{
size=lexer.value;
lexer.nextToken();

}

else syntaxError();

if (lexer.ttype==S_RBRACKET) lexer.nextToken();
else syntaxError();

}

vt.addElement(type,name,size); //Z%0E &k

while (Iexer.ttype==S_COMMA)

{
size=1;
lexer.nextToken();
if(type==T_ARRAYOFINT)type=T_INT;
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if(type==T_ARRAYOFBOOL)type=T_BOOL;

if (lexer.ttype==S_NAME)

{
name=lexer.name;
if(vt.exist(name))syntaxError();
lexer.nextToken();

}

else syntaxError();

if (lexer.ttype==S_LBRACKET)

{
if(type=:T_INT) type=T_ARRAYOFINT;
if(type=:T_BOOL)type=T_ARRAYOFBOOL;
lexer.nextToken();

if (lexer.ttype==S_INTEGER)
{
size=lexer.value;
lexer.nextToken();

}

else syntaxError();

if (lexer.ttype==S_RBRACKET) lexer.nextToken();
else syntaxError();

}

if(vt.addElement(type,name,size)==false)

{

syntaxError();

if (lexer.ttype==S_SEMICOLON) lexer.nextToken();

else syntaxError();
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/IStatement SLDAERK

public static void parseStatement()
{

switch (lexer.ttype)

{

case S_IF:
parself_statement();
break;

case S_LBRACE:

lexer.nextToken();
while (lexer.ttype!=S_RBRACE)

{

parseStatement();

J
if (lexer.ttype==S_RBRACE) lexer.nextToken();
else syntaxError();
break;

case S_NAME:
parseAssignment();
break;

case S_PARALLEL:
parseParallel_statement();
break;

case S_PROCESSOR:
parseExpression();

lexer.nextToken();
break;

case S_ SEMICOLON:
lexer.nextToken();
break;

case S WHILE: /* while 3 */
parseWhile_statement();
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break;

case S WRITE: I* write 3L */
parseWrite_statement();
break;

case S WRITECHAR: /* writechar 3C */
parseWritechar_statement();
break;

case S WRITEINT: /* writeint 3C */
parseWriteint_statement();
break;

case S WRITEDOUBLE: /* writedouble 3C */

parseWritedouble_statement();

break;
default:
syntaxError();
break;
J
H
/lparallel SLDOERL
public static void parseParallel_statement()

{

if (lexer.ttype==S_PARALLEL) lexer.nextToken();

else syntaxError();

if (lexer.ttype==S_LPAREN) lexer.nextToken();

else syntaxError();

parseExpression();

if (lexer.ttype==S_COMMA) lexer.nextToken();

else syntaxError();

parseExpression();
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if (lexer.ttype==S_RPAREN)
{
lexer.nextToken();

}

else syntaxError();

iseg.appendCode (PARA);
parseStatement();
iseg.appendCode (SYNC);

ITE SCOVER
public static void parself statement()

{
int ktest=-1;

if (lexer.ttype==S_IF) lexer.nextToken();

else syntaxError();

if (lexer.ttype==S_LPAREN) lexer.nextToken();

else syntaxError();

ktest=parseExpression();
if(ktest==T_INT| | ktest==T_ARRAYOFINT)
{

syntaxError();

if (lexer.ttype==S_RPAREN)
{
lexer.nextToken();

}

else syntaxError();
int ad=iseg.appendCode(BEQ);

parseStatement();

iseg.replaceCode(ad,iseg.isegPtr);
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[[While SCOVERY:

public static void parseWhile_statement()

{

int ktest=-1;

if (lexer.ttype==S_WHILE) lexer.nextToken();

else syntaxError();

if (lexer.ttype==S_LPAREN) lexer.nextToken();

else syntaxError();

int ad1=iseg.isegPtr;

ktest=parseExpression();

if(ktest==T_INT| | ktest==T_ARRAYOFINT){
syntaxError();

H

if (lexer.ttype==S_RPAREN)

{
lexer.nextToken();

}

else syntaxError();

int ad2=iseg.appendCode(BEQ);

parseStatement();

iseg.appendCode(JUMP,ad1);

iseg.replaceCode(ad2,iseg.isegPtr); //BEQ Oyl L A2 EEH 2 5

//Assignment 3L DERK,

public static void parseAssignment()

{

int ktest1=-1;
int ktest2=-1;
ktest1=parseLefthand_side();

if (lexer.ttype==S_ASSIGN) lexer.nextToken();

else syntaxError();
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ktest2=parseExpression();

if(ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT)){}

else if((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T _ARRAYOFBOOL)){}

else

syntaxError();

if (lexer.ttype==S_SEMICOLON) lexer.nextToken();

else syntaxError();

iseg.appendCode(ASSGN);
iseg.appendCode(REMOVE);

lwrite SLDOVERK

public static void parseWrite_statement()

{

int ktest=-1;
if (lexer.ttype==S_WRITE) lexer.nextToken();

else syntaxError();

if (lexer.ttype==S_LPAREN) lexer.nextToken();

else syntaxError();

ktest=parseExpression();

if(ktest != T_INT && ktest !=T_CHAR && ktest !=T_DOUBLE
&& ktest = T_BOOL && ktest =T _ARRAYOFCHAR
&& ktest '= T_ARRAYOFINT && ktest !=T_STRING)

syntaxError();
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if (lexer.ttype==S_RPAREN) lexer.nextToken();

else syntaxError();

if (lexer.ttype==S_SEMICOLON) lexer.nextToken();

else syntaxError();

switch (ktest) {
case T _INT:

case T_CHAR:
iseg.appendCode (OUTPUTC);
break;

case T_DOUBLE:
iseg.appendCode (OUTPUTD);
break;

case T_BOOL:
iseg.appendCode (OUTPUTB);
break;

case T_ARRAYOFINT:
iseg.appendCode (OUTPUT);
break;

case T_STRING:
iseg.appendCode (OUTPUTS);

break;
default:
syntaxError (;
break;
}
}
//Writechar L DYERL

public static void parseWritechar_statement()

{
int ktest=-1;
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if (lexer.ttype==S_WRITECHAR) lexer.nextToken();

else syntaxError();

if (lexer.ttype==S_LPAREN) lexer.nextToken();

else syntaxError();

ktest=parseExpression();
if(ktest==T_BOOL| | ktest==T_ARRAYOFBOOL)
{

syntaxError();

}

if (lexer.ttype==S_RPAREN) lexer.nextToken();

else syntaxError();

if (lexer.ttype==S_SEMICOLON) lexer.nextToken();
else syntaxError();
iseg.appendCode(OUTPUTO);

//Writedouble L DER

public static void parseWritedouble_statement()

{
int ktest=-1;
if (lexer.ttype==S_WRITECHAR) lexer.nextToken();

else syntaxError();

if (lexer.ttype==S_LPAREN) lexer.nextToken();

else syntaxError();

ktest=parseExpression();
if(ktest!=T_INT && ktest!=T _CHAR && ktest!=T _DOUBLE)
{

syntaxError();

if (lexer.ttype==S_RPAREN) lexer.nextToken();

else syntaxError();
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if (lexer.ttype==S_SEMICOLON) lexer.nextToken();
else syntaxError();
iseg.appendCode(OUTPUTD);

//Writeint 3L DVERL

public static void parseWriteint_statement()

{

int ktest=-1;
if (lexer.ttype==S_WRITEINT) lexer.nextToken();

else syntaxError();

if (lexer.ttype==S_LPAREN) lexer.nextToken();

else syntaxError();

ktest=parseExpression();

if(ktest==T_BOOL | | ktest==T_ARRAYOFBOOL)
{

syntaxError(;

}

if (lexer.ttype==S_RPAREN) lexer.nextToken();

else syntaxError();

if (lexer.ttype==S_SEMICOLON) lexer.nextToken();
else syntaxError();
iseg.appendCode(OUTPUT);

public static int parseLefthand_side()

{

int ktest=-1;

if (lexer.ttype==S_NAME)
if(vt.exist(lexer.name)==false)
syntaxError();

!
ktest = vt.getType(lexer.name);
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iseg.appendCode(PUSHI,vt.getAddress(lexer.name));

lexer.nextToken();
}
else syntaxError();
if (lexer.ttype==S_LBRACKET)
{
parseLefthand_side2(ktest);
}
else
{
if(ktest==T_ARRAYOFINT| | ktest==T _ARRAYOFBOOL)
{
syntaxError(;
}
}

return ktest;

public static void parseLefthand_side2(int ktest)
{
if(lexer.ttype==S_LBRACKET)
{
if(ktest==T_INT| | ktest==T_BOOL)
{
syntaxError();
}
lexer.nextToken();
}
else syntaxError();
parseExpression();
iseg.appendCode(ADD);
if(lexer.ttype==S_RBRACKET)

lexer.nextToken();

else syntaxError();
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public static int parseExpression()

{
int ktest1=-1;
int ktest2=-1;
ktest1=parseLogical_term();

while (lexer.ttype==S_OR)

if (lexer.ttype==S_OR) lexer.nextToken();

else syntaxError();

ktest2=parseLogical_term();
if((ktest1==T_INT | | ktest1==T _ARRAYOFINT) | |
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))
{
syntaxError(;
}
iseg.appendCode(OR);

return ktest1;

public static int parseLogical_term()

{
int ktest1=-1;
int ktest2=-1;
ktest1=parseLogical_factor();
while (lexer.ttype==S_AND)

lexer.nextToken();

ktest2=parseLogical_factor();

if(ktest1==T_INT | | ktest1==T_ARRAYOFINT) | |
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))

{
syntaxError(;
}
iseg.appendCode(AND);
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return ktest1;

public static int parseLogical_factor()
{

int betype =-1;

int pctr =0;

int ktestl =-1;

int ktest2 = -1;

ktestl=parseArithmetic_expression();

betype=lexer.ttype;

if(betype==S_EQUAL | | betype==S_NOTEQ| | betype==S_LESS| |
betype==S_LESSEQ| | betype==S_GREAT| | betype==S_GREATEQ)!

switch (betype)

case S_EQUAL:

lexer.nextToken();

ktest2=parseArithmetic_expression();

if(ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))| |
((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T_ARRAYOFBOOL)))==false)
{

syntaxError(;
else
ktest1=T_BOOL;
pctr = iseg.appendCode(COMP);

iseg.appendCode(BEQ,pctr+4);
break;
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case S_NOTEQ:

lexer.nextToken();

ktest2=parseArithmetic_expression();

if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))| |
((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T_ARRAYOFBOOL)))==false)

syntaxError();

ktest1=T_BOOL;

petr =iseg.appendCode(COMP);
iseg.appendCode(BNE, pctr+4);
break;

case S_LESS:

lexer.nextToken();

ktest2=parseArithmetic_expression();

if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT)) | |
((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T_ARRAYOFBOOL)))==false)
{

syntaxError(;

ktest1=T_BOOL;

petr =iseg.appendCode(COMP);
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iseg.appendCode(BLT,pctr+4);
break;

case S_LESSEQ:

lexer.nextToken();

ktest2=parseArithmetic_expression();

if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))| |
((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T_ARRAYOFBOOL)))==false)
{

syntaxError();

ktest1=T_BOOL;

petr =iseg.appendCode(COMP);
iseg.appendCode(BLE,pctr+4);
break;

case S_GREAT:

lexer.nextToken();

ktest2=parseArithmetic_expression();

if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))| |
((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T_ARRAYOFBOOL)))==false)
{

syntaxError(;

else

ktest1=T_BOOL;
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¥
petr =iseg.appendCode(COMP);
iseg.appendCode(BGT,pctr+4);
break;

case S_GREATEQ:

lexer.nextToken();

ktest2=parseArithmetic_expression();

if((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))| |
((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T_ARRAYOFBOOL)))==false)
{

syntaxError(;

ktest1=T_BOOL;

petr =iseg.appendCode(COMP);
iseg.appendCode(BGE,pctr+4);
break;

default:
break;
}

iseg.appendCode(PUSHI, 0);
iseg.appendCode(JUMP,pctr+5);
iseg.appendCode(PUSHI, 1);

return ktest1;

public static int parseArithmetic_expression()

int betype=-1;
int ktestl = -1;
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int ktest2 = -1;

ktestl=parseArithmetic_term();

betype=lexer.ttype;

while (Iexer.ttype==S_ADD | | lexer.ttype==S_SUB)

{
switch (betype)
{

case S_ADD:
lexer.nextToken();
ktest2=parseArithmetic_term();
if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))==false)
{

syntaxError();

H
iseg.appendCode(ADD);
break;

case S_SUB:
lexer.nextToken();
ktest2=parseArithmetic_term();
if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))==false)
{

syntaxError(;

H
iseg.appendCode(SUB);
break;

default:
break;

b
J

return ktest1;

public static int parseArithmetic_term()
{
int betype=-1;
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int ktestl =-1;
int ktest2 = -1;
ktest1=parseArithmetic_factor();

betype=lexer.ttype;
while (lexer.ttype==S_MUL | | lexer.ttype==S_DIV | | lexer.ttype==S_MOD)

switch (betype)

{
case S_MUL:
lexer.nextToken();
ktest2=parseArithmetic_factor();
if(((ktest1==T_INT | | ktest1==T _ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))==false)
{
syntaxError();
}
iseg.appendCode(MUL);
break;
case S_DIV:
lexer.nextToken();

ktest2=parseArithmetic_factor();

if((ktest1!=T_INT && ktest1!=T_ARRAYOFINT) | |
(ktest2!=T_INT && ktest2!=T_ARRAYOFINT))
{
syntaxError(;
J
iseg.appendCode(DIV);
break;

case S_MOD:

lexer.nextToken();

ktest2=parseArithmetic_factor();
if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))==false)
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syntaxError();
}

iseg.appendCode(MOD);
break;

default:
break;

J

J
return ktest1;

}

public static int parseArithmetic_factor()

{
int ktest = -1;
switch (lexer.ttype)

case S_NOT:

lexer.nextToken();

ktest=parseArithmetic_factor();
iseg.appendCode(NOT);
break;

case S_SUB:

lexer.nextToken();

ktest=parseArithmetic_factor();
iseg.appendCode(CSIGN); JEaR=

break;

default:
ktest=parseUnsigned_factor();
}

return ktest;

}



public static int parseUnsigned_factor()
{
String name = "";

int ktest = -1;

switch (lexer.ttype)

{

case S_NAME:
name = lexer.name;
ktest=vt.getType(name);

if(vt.exist(name)==false)

syntaxError();

¥
iseg.appendCode(PUSHI,vt.getAddress(name));

lexer.nextToken();

if(lexer.ttype==S_LBRACKET)

{
parseUnsigned_factor2(ktest);
}
iseg.appendCode(LOAD);
break;

case S_INTEGER:
ktest=T_INT;
iseg.appendCode(PUSHI, lexer.value);
lexer.nextToken();
break;

case S_CHARACTER:
ktest=T_INT;
iseg.appendCode(PUSHI, lexer.value);
lexer.nextToken();
break;

case S_LPAREN:

lexer.nextToken();

39



ktest = parseExpression();

if(lexer.ttype==S_RPAREN)
{
lexer.nextToken();

}

else syntaxError();
break;

case S_READINT:
ktest = T_INT;
iseg.appendCode(INPUT);
lexer.nextToken();
break;

case S_READCHAR:
ktest = T_INT;
iseg.appendCode(INPUTC);
lexer.nextToken();
break;

case S_TRUE:
ktest = T_BOOL;
iseg.appendCode(PUSHLV_TRURE); //E%# %73 1 BN AD
lexer.nextToken();
break;

case S_FALSE:
ktest = T_BOOL;
iseg.appendCode(PUSHI,V_FALSE); //{4% %9 0 A5
lexer.nextToken();
break;

case S_PROCESSOR: I* $p */
ktest = T_INT;
iseg.appendCode (PUSHP);
lexer.nextToken();
break;
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default:

syntaxError();
break;
b
return ktest;

}

public static void parseUnsigned_factor2(int ktest)

{
if (lexer.ttype==S_LBRACKET)
{
if(ktest==T_INT | | ktest==T_BOOL){
syntaxError();
H
lexer.nextToken();
J

else syntaxError();

parseExpression();

if (lexer.ttype==S_RBRACKET)

{
lexer.nextToken();
}

else syntaxError();

iseg.appendCode(ADD);

§

Il ET T —

public static void syntaxError()

{
System.out.println("Syntax error at line " + lexer.inFile linenum);
System.out.println(lexer.inFile.line);
lexer.inFile.closeFile();
System.exit(1);

§

(2) LexicalAnalyzer.java

public class LexicalAnalyzer implements Symbol {
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int ttype; [* h—2 DR ¥

int value; I* BEOGEE DE LFOHBEFa— R ¥
String name; I* B DOYEE DR *]
String string; I

InputFile inFile; /* InputFile 7 7 ADA L AZ A (ANS1T7 7 A V) */

3 AN T 7 8T, AT 7 A NOAR L, FRABILEAT .
public LexicalAnalyzer(String fname) {
A7 7 A V% B <

inFile = new InputFile(fname);

17 14— RoH#EE
value = 0;
name = null;

string = null;

}
public int nextToken() { [* TR RD h—2T 5D ¥
ttype = S_NULL;
char c;
do { [* ZE{ AKX v ¥
¢ = inFile.nextChar();
}while(c==""|| c=="¥t' | | ¢ =="¥n");
if (c == "¥0") ttype = S_EOF; /* End of file */
else if (c =='0") { /% FFa-M U gE%r(0) */
value = 0;
ttype = S_INTEGER;
} else if (Character.isDigit(c)) { [* R UREEL %/

value = extractIntValue(c);
ttype = S_INTEGER;
} else if (Character.isLowerCase(c) | | Character.isUpperCase(c)
|| e==""1
String str = extractWord(c);
switch (c) 1

case 'b"
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if (str.equals("boolean")) ttype = S_BOOLEAN;/* boolean */
else ttype = S_NAME; 1* B4
break;

case 'f":
if (str.equals("false") ttype = S_FALSE; /* false */
else if (str.equals("for")) ttype = S_FOR;  /* for */

else ttype = S_NAME; 1* EEA
break;

case "1
if (str.equals("if")) ttype = S_IF; [* if */
else if (str.equals("int")) ttype = S_INT;  /* int */
else ttype = S_NAME; 1* B
break;

case 'm"
if (str.equals("main")) ttype = S_MAIN; /* main */
else ttype = S_NAME; 1* B
break;

case 'p"

if(str.equals("parallel") ttype = S_PARALLEL; /* parallel */
break;

case 'r':
if (str.equals("readint")) ttype = S_READINT;/* readint */

else if (str.equals("readchar"))

ttype = S_READCHAR; /* readchar */
else ttype = S_NAME; 1* B
break;

case 's"
if (str.equals ("String")) ttype = S_STRING;
else ttype = S_NAME;
break;

case 't"

if (str.equals("true") ttype = S_TRUE; /* true */
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else ttype = S_NAME; 1* B4
break;

case 'w"

if (str.equals("while") ttype = S_WHILE; /* while */

else if (str.equals ("write") ttype = S_WRITE; /* write */

else if (str.equals("writechar")) ttype = S_WRITECHAR; /* writechar */
else if (str.equals ("writedouble")) ttype = S_ZWRITEDOUBLE; /* writedouble */
else if (str.equals("writeint") ttype = S_ZWRITEINT; /* writeint */

else if (str.equals ("writeln")) ttype = S_WRITELN; /* writeln */

else if (str.equals ("writestr")) ttype = S_WRITESTR; /* writestr */

else ttype = S_NAME; 1* B
break;

default:
ttype = S_NAME; 1* R
break;

b

name = str;

} else {

switch(c) {

case '("
ttype = S_LPAREN; (%
break;

case )"
ttype = S_RPAREN; %) */
break;

case '{"
ttype = S_LBRACE; 1*{*
break;

case 'f"
ttype = S_RBRACE; I}
break;

case '["
ttype = S_LBRACKET; 1 [*
break;

case '|"

ttype = S_RBRACKET; %1%
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break;
case',"
ttype = S_COMMA;
break;
case ;"
ttype = S_SEMICOLON;
break;
case '+"
ttype = S_ADD;
break;
case '-"
ttype = S_SUB;
break;
case "*"
ttype = S_MUL;
break;
case '/
ttype = S_DIV;
break;
case '%"
ttype = S_MOD:;
break;
case '="
if (inFile.nextc == '=") {
inFile.nextChar(;
ttype = S_EQUAL;
} else ttype = S_ASSIGN;
break;
case '<"
if (inFile.nextc == '=") {
inFile.nextChar(;
ttype = S_LESSEQ;
} else ttype = S_LESS;
break;
case ">"
if (inFile.nextc == '=") {
inFile.nextChar(;
ttype = S_GREATEQ;
} else ttype = S_GREAT;

1%, %l

%5 %

[+ %

/- ¥

/***/

1% 1%

I* % */

[ ==

e =%

[*<=%*

[ <*

[*>=%*

[ <*
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break;
case '
if (inFile.nextc == '=") { [ =%/
inFile.nextChar();
ttype = S_NOTEQ;
} else ttype = S_NOT; [* 1 %]
break;
case '&"
ifinFile.nextc =="'&") { [* && */
inFile.nextChar();
ttype = S_AND;
} else syntaxError();
break;
case'|"
if (inFile.nextc =="|") { 1=
inFile.nextChar();
ttype = S_OR;
} else syntaxError();
break;
case "¥" [* 3 %]
¢ = inFile.nextChar();
if (c '="'¥" && inFile.nextc == "¥") {
inFile.nextChar();
ttype = S_CHARACTER;
value = (int) ¢;
} else syntaxError();
break;

case '$"
if (inFile.nextc == 'p") { I $p */
inFile.nextChar();
ttype = S_PROCESSOR;
} else syntaxError();
break;

default:

syntaxError();
break;
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}

return ttype;

public int extractIntValue(char c) { I* ¢ THiE DB ESD */
int v = Character.digit(c, 10); [* U2 BEEI T AL )
while (Character.isDigit(inFile.nextc)) {
¢ = inFile.nextChar();
v =v * 10 + Character.digit(c, 10);
H

return v;

public String extractWord(char c) 1 [*c Tk D XTI EHTD */
String s = String.valueOf(c);
while (Character.isLowerCase(inFile.nextc)
| | Character.isUpperCase(inFile.nextc)
| | Character.isDigit(inFile.nextc)
| | inFile.nextc=="_") {
¢ = inFile.nextChar();
s=stc
H

return s;

public void syntaxError() { [* kT — *
System.out.println("Systax error at line " + inFile.linenum);
System.out.println(inFile.line);
inFile.closeFile();

System.exit(1);

}
(3) Operators.java

interface Operators {

static final int NOP = 0; //no operation
static final int ASSGN = 1; //assign
static final int ADD = 2 /l+

static final int ADDLHS = 3; //+=

static final int SUB = 4 /-
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static final int SUBLHS = 5; //-=

static final int MUL = 6, /I*
static final int MULLHS = 7; //*=
static final int DIV = 8 [/l
static final int DIVLHS = 9; ///=

static final int MOD 10; /1%
static final int MODLHS =11; // %=
static final int CSIGN =12; // HIH-

static final int AND =13; //and

static final int OR =14; /lor

static final int NOT =15; /I not

static final int XOR =16; [/l exclusive or
static final int COMP =17 // comp
static final int COPY =18; //copy

static final int PUSH =19; // push

static final int PUSHI ~ =20; // push integer
static final int PUSHC =21; // push character
static final int PUSHD  =22; // push double
static final int PUSHB  =23; // push boolean
static final int PUSHS  =24; // push string
static final int REMOVE = 25; // remove

static final int LOAD =26; /l/load
static final int POP =27, [/ pop
static final int INC =28; /I ++
static final int DEC =29; /-

static final int PREINC = 30; // RijjE++

static final int PREDEC =31; // Rij{&--

static final int POSTINC = 32; // £@&E++

static final int POSTDEC = 33; // 14~

static final int SETFR = 34; // set frame register
static final int INCFR = 35; //inc frame register
static final int DECFR = 36; // dec frame register

static final int JUMP =37, //jump
static final int BLT =38, /I<?
static final int BLE =39 /I<=?
static final int BEQ =40, /[==7?
static final int BNE =41; /I!=?
static final int BGE =42; [[>7?
static final int BGT =43; [[>=7?
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static final int CALL =44; //call

static final int RET =45; [/l return

static final int INPUT = 46; //input integer
static final int INPUTC =47; //input character
static final int INPUTD =48; //input double
static final int INPUTS =49; //input string
static final int OUTPUT =50; // output integer
static final int OUTPUTC = 51; // output character
static final int OUTPUTD = 52; // output double
static final int OUTPUTB = 53; // output boolean
static final int OUTPUTS = 54; // output string
static final int OUTPUTL = 55; // output line
static final int CASTI  =56; // cast to integer;
static final int CASTC =57, // cast to char;
static final int CASTD  =58; // cast to double;
static final int CASTB  =59; // cast to boolean;
static final int CASTS =60; // cast to string;

static final int RAND =61; //random

static final int HALT =62; //halt

static final int PARA =63; // parallel

static final int SYNC =64; [/ synchronous

static final int PUSHP = 65; // push processor number
static final int EOF =255; // end of file

static final int ERROR  =-1; //error

(4) Symbol.java
interface Symbol {
static final int S_ERROR = -1;
static final int S_NULL = 0;

static final int S_MAIN = 1; /* main */
static final int S_IF = 2; [*af */

static final int S_ELSE = 3; /* else */
static final int S_WHILE = 4; /* while */
static final int S_FOR = 5; I* for */
static final int S_DO = 6; /* do */

static final int S_READINT = 7; /* readint */
static final int S_ READCHAR = §; /* readchar */
static final int S READDOUBLE =9; /* readdouble */
static final int S_ READSTR = 10; [* readstr */
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static final int S_WRITE = 11;
static final int S_WRITEINT = 12;

static final int S_ WRITECHAR = 13;

static final int S_ WRITEDOUBLE =
static final int S_WRITESTR = 15;
static final int S WRITELN = 16;

/* write */

/* writeint */

I* writechar */
14;/* writedouble */
/* writestr */

/* writeln */

static final int S_RAND =17;
static final int S_INT = 18;
static final int S_CHAR = 19;

static final int S_BOOLEAN = 20;

static final int S_DOUBLE = 21;
static final int S_STRING = 22;
static final int S_EQUAL = 23;
static final int S_ NOTEQ = 24;
static final int S_LESS = 25;
static final int S_GREAT = 26;
static final int S_LESSEQ = 27;

static final int S_GREATEQ = 28;

static final int S_AND = 29;
static final int S_OR = 30;

static final int S_NOT = 31;
static final int S_ADD =32;
static final int S_ SUB = 33;
static final int S_MUL = 34;
static final int S_DIV = 35;
static final int S_MOD = 36;
static final int S_ASSIGN = 37;
static final int S_ADDLHS = 38;
static final int S_SUBLHS = 39;
static final int S_MULLHS = 40;
static final int S_DIVLHS = 41;

static final int S_MODLHS = 42;

static final int S_INC = 43;
static final int S_DEC = 44;

static final int S_SEMICOLON = 45;

static final int S_LPAREN = 46;
static final int S_RPAREN = 47;
static final int S_LBRACE = 48;
static final int S_RBRACE = 49;

/* rand */
/*int */

/* char */

/* boolean */
/* double */

/* String */

[* ==

[*1=*/
[ <*

[ >*

[*<=*

[*>=%*

I* && */

1>
1%

[*+*/

[* - %

R
%1%

I* % */

[* =%

[* +=*/

[* =%/

[ k= %)

[* [=*

I* %=*/
[* 4+ */
[*-- %/

1% 5%
(%
%) */
1*{*
[}/
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static final int S_LBRACKET = 50; /* [ */
static final int S_ RBRACKET =51; /*] %/
static final int S_COMMA = 52; /*, */

static final int S INTEGER = 53; [* BEE */
static final int S CHARACTER =54; /¥ & */

static final int S_ NAME = 55; 1* B *
static final int S_TRUE = 56; I* true */
static final int S_FALSE = 57; /* false */
static final int S DOUBLEVAL = 58; /* FE$ */
static final int S_ STR= 59; [* 3CFE]*

static final int S_ PARALLEL = 60;  /* parallel */
static final int S PROCESSOR = 61; /* $p */
static final int S_EOF = 255; /* end of file */

(5) Var.java
public class Var {

int type; xR *]

String name; 1* R

int address; [ FOYTHENDLT R ¥
int size; I* BLAVEL OS5 DY A X/

public Var(int t, String n, int a, int s) {
type = t;
name =n;
address = a;

size = s;

(6) VarTable.java

import java.util.Vector;

public class VarTable {
Vector vt;

int nextAddress;

public VarTable() {
vt = new Vector();
vt.setSize(0);
nextAddress = 0;
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public boolean addElement(int t, String n, int s) { /* FIZEEIFA */
if(exist(n)) return false; /* ZRIOTEHE T =~ 7 */
vt.addElement(new Var(t, n, nextAddress, s));
nextAddress += s;

return true;

public boolean exist(String n) { I* BEAFOEITH D0 *]
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) { I* BWDLEROT RV RAEED *
int 1;
for(i=0; i<vt.size(; i++)
if(n.equals(((Var)vt.get(i)).name)) break;
if(i == vt.size() return -1; /* RIZTEE LR WIEA */

else return ((Var)vt.get(i)).address;

§
public int getType(String n) { [* BNOEEORZGD */
int 1;
for(i=0; i<vt.size(); i++)
if(n.equals(((Var)vt.get(i)).name)) break;
if(i == vt.size() return -1; /* RIZTEE LR WIEA */
else return ((Var)vt.get(i).type;
§
public int getSize(String n) 1 [* RINOEEDOY A XatG5 *
int 1;
for(i=0; i<vt.size(); i++)
if(n.equals(((Var)vt.get(i).name)) break;
ifi == vt.size() return -1; /* RIZTFE LR WIEA */
else return ((Var)vt.get(i)).size;
§
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public static void main(String[] args) {
VarTable varTable = new VarTable();

"nn

Stringll varNames =1{"p", "q", "r", "s", "t"};

for(inti=0;1<5;1++)
varTable.addElement(0, varNameslil, 1);

for(inti=0;1< 551 ++) {
System.out.println("Z 4" + varNamesl[i] + "?O¥n" +
"7 KL A"+ varTable.getAddress(varNamesli])
+", A"+ varTable.getType(varNamesl[i])
+", A X"+ varTable.getSize(varNamesli])
);

(7) inputFile.java
import 10Tools.*;

import java.io.*;

public class InputFile {
BufferedReader buffer; /* AJ1Z7 7 ANVNDNRy T 57 *

String line; 1* KNI 7 7 AND 1T DLTH] */
int linenum; ¥ A7 7 A NVDOITE S *

int columnnum; 1* ANI17 7 ANDHNEKS *

char currentc; [* BEFIALTE ST *]

char nextc; [* WG FRIATe LT */

[¥ 2 A N7 7 T, inputFileName &9 7 7 A L& X,
FDOT7 7 ANEESH buffer TET 5. F72 linenum,
columnnum, currentc, nexte & fJ#{k92 */

public InputFile(String inputFileName) {

buffer = Filelo.fRead(inputFileName);

linenum = 0;

columnnum = 0;

HINTTT7 7 A VI —{T3ite

readInputFile();
A O—LF-H & FHEA T, £DOXT% nexte |[THEMNT 5.
nextc ="";
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nextChar();
¥

Iouffer 7>6—4Tatd, XTHNIE line [ZFDITEMENT DAY v K.
public void readInputFile() {
try {
line = buffer.readLine();
} catch(IOException error_report) {
[* BOABT T —DRRAELEDL, Fv v F LIS EZRRL,
TrANEAL, WBREK T IED ¥
System.out.println(error_report);
closeFile();
System.exit(1);

A7 7 ANEAE DAY v K.
public void closeFile() {
try {
buffer.close();
} catch(IOException error_report) {
System.out.println(error_report);

System.exit(1);

IRDLF %2155 A Y > K. ([ 2.7 TIEERT %)
public char nextChar() {
if line ==nulD) { /7 7 A VRITE LT H¥0' %K T,
currentc = nextc;
nextc = '"¥0"
return currentc;
} else if (columnnum >= line.lengthQ) { /ATRIZIE L 7= 5"¥n'Z KT
readInputFile();
currentc = nextc;
nextc = '¥n";
linenum-++;
columnnum = 0;

return currentc,
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}else { /@ H OENME. FEATE—LF% nexte ([THML, T OMEEIRT.
currentc = nextc;
nextc = line.charAt(columnnum);
columnnum-++;

return currentc,

public static void main(String[] args) {
InputFile inFile = new InputFile("bsort.k");
do {
do {
inFile.nextChar();
System.out.print(inFile.currentc);

} while(inFile.currentc = '¥n' && inFile.currentc !='¥0');

*/
System.out.println(inFile.line);
inFile.readInputFile();
*/

} while(inFile.line != null);

}

(8) Instraction.java
class Instraction implements Operators {
int operator; /% F_XL—x %
int operand; [*int BUIA~T R ¥/
double doubleOperand; /* double BIA 7 > [ */
String stringOperand; /* String B! A7 > ¥/
boolean register; [* 7 R v 2 ESf */

I FXRZ7 0 RefFlirnWGEDa A N7 74
public Instraction (int op) {
operator = op;
operand = Integer. MAX_VALUE;
doubleOperand = Double.NaN;
stringOperand = "";

register = false;
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public Instraction (int op, boolean r) {
operator = op;
operand = Integer. MAX_VALUE;
doubleOperand = Double.NaN;
stringOperand = "";

register = r;

Nint AT > RaffoaDa AT 7 4
public Instraction (int op, int i) 1
operator = op;
operand = 1;
doubleOperand = Double.NaN;
stringOperand = "";

register = false;

public Instraction (int op, int i, boolean ) {
operator = op;
operand = 1;
doubleOperand = Double.NaN;
stringOperand = "";

register = r;

Il char BUA T o REFOLE0Oa A NT 7 4
public Instraction (int op, char c) {
operator = op;
operand = (int) c;
doubleOperand = Double.NaN;
stringOperand = "";

register = false;

public Instraction (int op, char c, boolean 1) 1
operator = op;
operand = (int) c;
doubleOperand = Double.NaN;
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—_—ne
- b

stringOperand

register = r;

/I double A XZ o REFFOLBHED AL A NT 7 4
public Instraction (int op, double d) {
operator = op;
operand = Integer MAX_VALUE;
doubleOperand = d;

stringOperand

register = false;

public Instraction (int op, double d, boolean 1) 1
operator = op;
operand = Integer. MAX_VALUE;
doubleOperand = d;

stringOperand

register = r;

/I String BUARZ o REFFOLBEDaA L A NF 7 X
public Instraction (int op, String str) 1
operator = op;
operand = Integer. MAX_VALUE;
doubleOperand = Double.NaN;
stringOperand = str;

register = false;

public Instraction (int op, String str, boolean 1) 1
operator = op;
operand = Integer. MAX_VALUE;
doubleOperand = Double.NaN;
stringOperand = str;

register = r;

public String toString() {
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*/

o>

o>

char c;
switch(operator) {
case PUSH: [* int BIA T REFEOLA %/
case PUSHI:
case POP:
case SETFR:
case INCFR:
case DECFR:
case BEQ:
case BNE:
case BLE:
case BLT:
case BGE:
case BGT:
case JUMP:
case CALL:
return opName() + "¥t" + operand + "¥t";
case PUSHC: [* char BA X7 o REFFOLE

¢ = (char) operand;
switch (c) {
case '¥0"
return opName() + "¥t¥'¥¥0¥'¥t";
case '¥b"
return opName() + "¥t¥'¥¥b¥'¥t";
case '¥n"
return opName() + "¥t¥'¥¥n¥'¥t";
case '¥r"
return opName() + "¥t¥'¥¥r¥'¥t";
case '¥t"
return opName() + "¥t¥'¥¥t¥'¥t";
default:
return opName() + "¥t¥" + ¢ + "¥'¥t";
}
case PUSHD: /* double WA ~Z o N fio8;
*/
return opName() + "¥t" + doubleOperand + "¥t";
case PUSHB: I* boolean WA ~Z o R & Fi-24
*/
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return opName() + (operand != 0);

case PUSHS:
*/

—_— e
- b

String str

for (int i=0; i<stringOperand.length(Q; i++) {

¢ = stringOperand.charAt();

switch (c) {
case '¥0"

str +=

break;
case '¥b"

str +=

break;
case "¥n"

str +=

break;
case "¥r"

str +=

break;
case "¥t"

str +=

break;
default:

str += stringOperand.charAt();

break;

}

"¥YO0";

"¥¥b";

"¥¥n";

"Y'

YY"

return opName() + "¥t¥"" + str + "¥"¥t";

default:

return opName() + "¥t¥t";

*/

/| T Ra— Rae4T7 v R4ICEH

public String opName() {
switch(operator) {
case NOP: return "NOP
case ASSGN:

return "ASSGN ";

; /I no operation

/[ assign
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case ADD: return "ADD " I+

case ADDLHS:  return "ADDLHS "; I +=

case SUB: return "SUB " /-

case SUBLHS: return "SUBLHS"; I -=

case MUL: return "MUL " InN*

case MULLHS:  return "MULLHS "; Il *=

case DIV: return "DIV " I

case DIVLHS:  return "DIVLHS "; =

case MOD: return "MOD " 1l %

case MODLHS:  return "MODLHS "; Il %=

case CSIGN: return "CSIGN " /] HAIH-

case AND: return "AND " /l and

case OR: return "OR " Il or

case NOT: return "NOT " /I not

case XOR: return "XOR " /I exclusive or
case COMP: return "COMP ' /I comp

case COPY: return "COPY " Il copy

case PUSH: return "PUSH '} // push

case PUSHI: return "PUSHI "; /I push integer
case PUSHC: return "PUSHC "; /I push char
case PUSHD: return "PUSHD '"; // push double
case PUSHB: return "PUSHB "; /I push boolean
case PUSHS: return "PUSHS " /l push string
case POP: return "POP " I/l pop

case REMOVE: return "REMOVE "; /l remove
case LOAD: return "LOAD "; /' load

case INC: return "INC " I ++

case DEC: return "DEC " -

case PREINC:  return "PREINC "; Il Bifi&E++

case PREDEC: return "PREDEC "; Il ifi&E--

case POSTINC: return "POSTINC"; Il % E++

case POSTDEC: return "POSTDEC"; I % &~

case SETFR: return "SETFR "; /I set frame register
case INCFR: return "INCFR "; /l inc frame register
case DECFR: return "DECFR "; /I dec frame register
case JUMP: return "JUMP "; /I jump

case BEQ: return "BEQ " I==?

case BNE: return "BNE " =7

case BLT: return "BLT " <?
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case BLE: return "BLE " <=7
case BGT: return "BGT " I>7?
case BGE: return "BGE " I>=7?
case CALL: return "CALL " /I call
case RET: return "RET " /l return
case INPUT: return "INPUT " /[ input integer
case INPUTC: return "INPUTC"; /l input character
case INPUTD: return "INPUTD "; /I input double
case INPUTS: return "INPUTS"; /[ input string
case OUTPUT: return "OUTPUT "; /I output integer
case OUTPUTC: return "OUTPUTC"; /[ output character
case OUTPUTD: return "OUTPUTD"; /I output double
case OUTPUTL: return "OUTPUTL"; // output line
case OUTPUTS: return "OUTPUTS"; /[ output string
case CASTT: return "CASTI "; /l cast int
case CASTC: return "CASTC " /I cast char
case CASTD: return "CASTD " /I cast double
case CASTB: return "CASTB "; /l cast boolean
case CASTS: return "CASTS " /I cast string;
case RAND: return "RAND "} /l random
case HALT: return "HALT "} /l halt
case PARA: return "PARA " /l parallel
case SYNC: return "SYNC " /I syncronous
case PUSHP: return "PUSHP "; /l push processor number
case EOF: return "EOF " /I end of file
default: return "ERROR " /I error
}
}
H
(9) InstractionSegment.java
import ioTools.™; /7 7 A WV AT H
import java.io.*; //7 7 A /W AHTIH

import java.util.ArrayList; //ArrayList %L

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

int size;
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boolean debugSW;

public InstractionSegment(boolean dsw) {

iseg = new ArrayList();

isegPtr = 0;

size = 0;

debugSW = dsw;

/l Iseg |Z Instraction a4 &2 Nz 5

public int appendCode (Instraction inst) {

if (size =

} else {

}

= isegPtr) {

if (debugSW) System.out.println(isegPtr+": "+inst);
iseg.add (inst);

sizet+;

Instraction oldInst = ((Instraction) iseg.get(isegPtr));
if (debugSW) System.out.print (isegPtr+": "+oldInst);
iseg.remove (isegPtr);

iseg.add (isegPtr, inst);

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

isegPtr++;

return isegPtr-1;

I Tseg \ZA X7 v RIE LS EINZ 5
public int appendCode (int operator) {

if (size =

} else {

= isegPtr) {

Instraction inst = new Instraction (operator);
if (debugSW) System.out.println (isegPtr+": "+inst);
iseg.add (inst);

size++;

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

inst.operand = Integer. MAX_VALUE;
inst.doubleOperand = Double.NaN;
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inst.stringOperand
inst.register = false;
if (debugSW) System.out.println ("-> "+inst);
}
isegPtr++;

return isegPtr-1;

public int appendCode (int operator, boolean register) 1
if (size == isegPtr) {
Instraction inst = new Instraction (operator, register);
if (debugSW) System.out.println (isegPtr+": "+inst);
iseg.add (inst);
size++;
} else {
Instraction inst = (Instraction) iseg.get (isegPtr));
if (debugSW) System.out.print (isegPtr+": "+inst);
inst.operator = operator;
inst.operand = Integer. MAX_VALUE;
inst.doubleOperand = Double.NaN;
inst.stringOperand = "";
inst.register = register;
if (debugSW) System.out.println ("-> "+inst);
b
isegPtr++;

return isegPtr-1;

I Tseg I int B AZ > RS &N Z 5
public int appendCode (int operator, int operand) {
if (size == isegPtr) {
Instraction inst = new Instraction (operator, operand);
if (debugSW) System.out.println (isegPtr+" "+inst);
iseg.add (inst);

size++;
} else {

Instraction inst = (Instraction) iseg.get (isegPtr));

replace (isegPtr, inst, operator, operand, Double.NaN, "', false);
}
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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.add (inst);

sizet++;
} else {

Instraction inst = ((Instraction) iseg.get (isegPtr));

replace (isegPtr, inst, operator, operand, Double.NaN, "", register);
H
isegPtr++;

return isegPtr-1;

I Tseg IZ double B A7 > FfH G &Nz 5
public int appendCode (int operator, double doubleOperand) {
if (size == isegPtr) {
Instraction inst = new Instraction (operator, doubleOperand);
if (debugSW) System.out.println (isegPtr+" "+inst);
iseg.add (inst);

size++;
} else {

Instraction inst = (Instraction) iseg.get (isegPtr));

replace (isegPtr, inst, operator, Integer. MAX_VALUE, doubleOperand, "", false);
H
isegPtr++;

return isegPtr-1;

public int appendCode (int operator, double doubleOperand, boolean register) {
if (size == isegPtr) {
Instraction inst = new Instraction (operator, doubleOperand, register);
if (debugSW) System.out.println (isegPtr+": "+inst);
iseg.add (inst);

sizet+;
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} else {

Instraction inst = ((Instraction) iseg.get (isegPtr));

replace (isegPtr, inst, operator, Integer. MAX_VALUE, doubleOperand, "", register);
H
isegPtr++;

return isegPtr-1;

I/ Tseg IZ String B A7 > NI 2Nz 5
public int appendCode (int operator, String stringOperand) {
if (size == isegPtr) {
Instraction inst = new Instraction (operator, stringOperand);
if (debugSW) System.out.println (isegPtr+": "+inst);
iseg.add (inst);

size++;
} else {
Instraction inst = (Instraction) iseg.get (isegPtr));
replace (isegPtr, inst, operator, Integer MAX_VALUE, Double.NaN, stringOperand,
false);
}
isegPtr++;
return isegPtr-1;
}

public int appendCode (int operator, String stringOperand, boolean register) {
if (size == isegPtr) {
Instraction inst = new Instraction (operator, stringOperand, register);
if (debugSW) System.out.println (isegPtr+" "+inst);
iseg.add (inst);

size++;
} else {
Instraction inst = ((Instraction) iseg.get (isegPtr));
replace (isegPtr, inst, operator, Integer MAX_VALUE, Double.NaN, stringOperand,
register);
}
isegPtr++;

return isegPtr-1;
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public int operator (int addr) { [* AR —H EiRd */
if (addr <0 | | addr >= size)
executeError("Illegal iseg address ", addr);

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

}
public int operand (int addr) { [¥ FXT 2 RElRT ¥/
if (addr <0 | | addr >= size)
executeError("Illegal iseg address ", addr);
return ((Instraction) iseg.get (addr)).operand;
}
public char charOperand (int addr) { [* char AT o R4 */
if (addr <0 | | addr >= size)
executeError("Illegal iseg address ", addr);
return (char) ((Instraction) iseg.get (addr)).operand;
H

public double doubleOperand (int addr) { /* double %4 XZ > K& iKJ */
if (addr <0 | | addr >= size)
executeError("Illegal iseg address ", addr);

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

public boolean boolOperand (int addr) { ~ /* boolean B A7 o R &7 */
if (addr <0 | | addr >= size)
executeError("Illegal iseg address ", addr);

return (((Instraction) iseg.get (addr)).operand != 0);

public String stringOperand (int addr) { /* String B A XF > K&IKT */
if (addr <0 | | addr >= size)
executeError("Illegal iseg address ", addr);

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

public boolean register (int addr) { /* L ¥ A X %K */
if (addr <0 | | addr >= size)

executeError("Illegal iseg address ", addr);
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return ((Instraction) iseg.get (addr)).register;

I 5D THDT RLAEZF v/
public void checkAddress (int addr) {
Instraction inst = (Instraction) iseg.get(addr);
switch(inst.operator) {
case JUMP:
case BEQ:
case BNE:
case BLT:
case BLE:
case BGT:
case BGE:
case CALL:
if(inst.operand < 0 | | inst.operand >= size)
syntaxError ("Illegal iseg address : " + inst, addr);
break;
default:
break;

Il 8E LT R L ADMA &2 For
public void print (int addr) {;
System.out.print(addr + ": " + (Instraction) iseg.get (addr));

Il Iseg % 3R
public void dump( {
for (int i=0; i<isegPtr; i++)

System.out.println( + ": " + (Instraction) iseg.get (1));

Il Iseg %7 7 /v b7 7 A M)

public void dump2file() {
PrintWriter outputFile = FileIo.fWrite ("OpCode.asm", false);
for (int i=0; i<isegPtr; i++)

outputFile.println ((Instraction) iseg.get (i));
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outputFile.close();

Il Iseg ZHRE LT=7 7 A NMITHT)
public void dump2file (String fileName) {
PrintWriter outputFile = Filelo.fWrite (fileName, false);
for (int i=0; i<isegPtr; i++)
outputFile.println ((Instraction) iseg.get (i));
outputFile.close();

Il fmDARV—H AT R BET D
void replace (int addr, Instraction inst, int operator, int operand, double doubleOperand, String
stringOperand, boolean register) {
if (debugSW)
System.out.print (addr + ": " + inst);
inst.operator = operator;
inst.operand = operand;
inst.doubleOperand = doubleOperand;
inst.stringOperand = stringOperand;
inst.register = register;
if (debugSW)

System.out.println ("-> " + inst);

[l addr F&H OmMa D AXL—%, 47 K % operator, operand [ZEH T 5
public void replaceCode (int addr, int operator, int operand) {
Instraction inst = ((Instraction) iseg.get (addr));

replace (addr, inst, operator, operand, Double.NaN, "", inst.register);

// addr FHDOMBTDART K % operand (ZEE T 5
public void replaceCode (int addr, int operand) {
Instraction inst = ((Instraction) iseg.get (addr));

replace (addr, inst, inst.operator, operand, Double.NaN, "", inst.register);

Il addr & H OfFO F~L—%, A7 F % operator, doubleOperand (A H 9%
public void replaceCode (int addr, int operator, double doubleOperand) {
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Instraction inst = ((Instraction) iseg.get (addr));

replace (addr, inst, operator, Integer. MAX_VALUE, doubleOperand, "", inst.register);

/l addr FHOMBATDAT K % doubleOperand (ZEH T 5
public void replaceCode (int addr, double doubleOperand) {
Instraction inst = ((Instraction) iseg.get (addr));

replace (addr, inst, inst.operator, Integer. MAX_VALUE, doubleOperand, "", inst.register);

[l addr &H OGO AXL—%, X7 K % operator, stringOperand (ZEH 35
public void replaceCode (int addr, int operator, String stringOperand) {
Instraction inst = ((Instraction) iseg.get (addr));

replace (addr, inst, operator, Integer. MAX_VALUE, Double.NaN, stringOperand, inst.register);

/l addr FHOMBTDAT K % stringOperand (ZEHE T 5
public void replaceCode (int addr, String stringOperand) {
Instraction inst = ((Instraction) iseg.get (addr));
replace (addr, inst, inst.operator, Integer MAX_VALUE, Double.NaN, stringOperand,

inst.register);

}

/I addr #&H DA m % inst IZEET D

public void replaceCode (int addr, Instraction inst) {
Instraction oldInst = ((Instraction) iseg.get (addr));
if (debugSW) System.out.print(addr+": "+oldInst);
iseg.remove (addr);
iseg.add (addr, inst);
if (debugSW) System.out.println ("-> "+inst);

H

void syntaxError (String err_mes, int addr) { [* kT — *
System.out.println ("Syntax error at line " + addr);
System.out.println (err_mes);
System.out.println ((Instraction) iseg.get (addxr));
System.exit(1);

H
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void executeError (String err_mes, int addr) {  /* FE{THF= T — */
System.out.println ("Execute error at line " + addr);
System.out.println (err_mes);
System.out.println ((Instraction) iseg.get (addxr));
System.exit (1);

(10) Type.java

interface Type {
static final int T_VOID =0
static final int T_INT =1;
static final int T_ARRAYOFINT =2;
static final int T_CHAR =3
static final int T_ARRAYOFCHAR =4;
static final int T_BOOL =5;
static final int T_ARRAYOFBOOL =6;
static final int T_ DOUBLE =7
static final int T_ARRAYOFDOUBLE = 8;
static final int T_STRING =9;
static final int T_ARRAYOFSTRING = 10;
static final int T_ERROR = 255;

(1 1) TruthValue.java
interface TruthValue{
static final int V_TRUE = 1;
static final int V_FALSE = 0;
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