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1.1 ARROER

11130 5L B

BE, HIERRED VI 2 b —ra vy, RRATHRTHOONAEBIE T, &1 /17K
A FEREF, FAEME, FHWPOL I 2 b—3 g v, WIROHE, B - 22 2T 4
DyIab—rvary, AaryVa—FrI77 4y 7 A, JKEBOBEME, B % ORER .
BRALER . KRBT — & =2 KBRS — 2 ORGEe & Offx 7238 C, K e &
ORI % mENOEBEE TS 5 Z AR LN TWD, MEZ &R T 5 (21T 2
WY OFERET NS, 1 DRI ety boMiEon L Thd, ITETIET 1
Ty OFRENER, MEFHENHRE LA EEZZRT T2, LirL, ZHUCTHRARSH D 4
VL BB D% L m RIIIFREcE 220, & 9 1 D03, WH14LEE (Parallel Processing)
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1.1.230F 51 G+ F k%

A HIGEHERE (Parall Computer) 1%, FIRBEOFEIZ ) 2 WUBREER] O dEsidl & 13>
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1.1.3MF 7T Y X A

W7 /v Y X2 (Parallel Algorithm) &3, #0772t v 4% H W\ CIW SN ALEE %
ITHRHEFEEZ VY, EEOMBEIZ L, BHeo7nty P2 05 2 & TEORES
DORFEVEMEAHIIF CZ 200 E E21EZE 9 Tlidkev, o7 ot v &2 5h% X < WHNF)
AT oZenTERduE, 2> E<WEINET 52 &3 TEFTWIRF LR N FEIHL I
W, DFED, TubkyYBOoT 2000 LD, AEVDOT /A £ ek y o
FHA 72 & WHEHEORBENE LD, £ W ozfEE 72 T4, FROLETHW S
NDBIRT NI Y ZATERLS RIS Tty 2 WHNHHTE 25 H FIE, 2FD
Z ORI 72 F T T XA EHNDRERND D,

1.1.4 WHFHEET NV

WHIT T Y X LOFG AT S G R 2 S b L 726 80EH R E 7 v (Parallel
Computing Model) ETirbi s, REWZRUFNEFHEET L E LT PRAM (Parallel
Random Access Machine) ., Mesh., Hyper Cube, BSP(Bulk-Synchronous Paralle)E 5
JL. CGM(Coase Grain Multi Computer)7z E23% 5,

1.1.5PRAM

WHIT7 T Y XD TIEE L OHEEESIFEET /L E LT PRAM (Parallel Rando
m Access Machine) 212365, PRAM (33 2 £ ) BIWAHIFHEET L THY . H
g s ATV T 7825 - HAMS R EoManaT 1 B cirbhsZ &, 1
METECEYNE LD Z L, BIEI A NBREAE LW L EONHIFHE S S EAR
PIZHESN TS, DFD ., WINHLEZFEBL LT & XL L MERZ A LG EET
IWTH DR, WHITNVTY XAOEFEZRS 72 DI LIEFHEIZE L T ORI % Hhig 45
b DI LTS, UL, WHEHEBRERANICGE SN TS LB L DOEITREX
VEBICKEE 27 mt v B To XA VAL, BER EOEmER EITHER D 5,
ZDEIDOL D IRWHNT NI Y X LEFEBLTE HMEO L WIESIFHEFEET L PRAM O3
BUIREEE ST\ b,

PRAM 13O 7ot v HIC L HHFEAETY ~ODHBRFLEZXLITH) LN TX S,
HEAEY EOR—ORAEV T 7 BRIKTHEHO T 0y FIZLLFEEOT 7B AD
RLELIZ LV, PRAMIZLL T O 3 RIS LD,

@O CRCW—PRAM (Concurrent-Read Concurrent-Write)
#HEO7ot X BE— AT ) BA~DOFREGAH LRFES AL ZED 5,
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Sz, FIRFEZOMBIZE L TRO L D N TE b,
(1) 4@ (Common) CRCW—PRAM
ETOT7aty IRECUEZELS & E2OARFRKEE ZRD D,
(2) 1EEM (Arbitrary) CRCW—PRAM
Enn1 o007 aty hnEXICHKIST S,
(3) B4 (Priority) CRCW—PRAM
KROLELREOENT 1Ry P REXITRIT D,
ARFZECTIE, SR CRCW—PRAM %54 L9 5,

1.14PRAM ¥ 2 L —#%
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2 BRAR
2.1PRAM Hi5IEEE

AW TIE, @RS EGE L LTk 11287 K05 SREZ sk L 7=k K05 S3E2 v
%, KO5 SRBIx 2 HERAEETH DD T, PRAM HWSISiET 0 7 T A&t 5720
2. K05 B2t 445 parallel 3L & F5ERL5$p N2 5, parallel XD SHEILLLT Dif
nThHD,

parallelGX1,X2) =

X1 EX2F, intMOXTHD, X1 X2 ITFWFAEE T LHRICHERT L2y
PFENIFINY, K106 207vty 2N TR XEWFNICFEITTH, X
LWV DX parallel # & FR2VMEEDO L TH 5, $p ld. 7k v HHESEFRR I DR
L THY, $p AR LGB T 2FE TR O 7 nt v B E S LR RT D, [ 2 12
Pk KOS5 SaE D EZ RT,

PRAM Ht¥| 7 1 7F A TiE, WHEDIZHE—O 7 vt v 4 CHRRIZUEIMTHIL TV D,
parallel XA 379 % Z & TWHIIRIZE) Y 7DV | parallel LT 35 & FFUER DAL
IOV DL LWV oo X7 u s T LT EN %,
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IZ PARA - PUSHP : SYNC #/llz %, ZnbDT7 vy 7 I7MmPII FOEKAE KT,
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PUSHP: 7t vV HFEESEHEATHMO THDH, ZOMDEpile L, WHNRHE CULE 4 &
ITLCWAE Tty N 7oy FEEE AKX v 7 by 7ICHTe,

SYNC : Az & 5T T D, PARA [ZX VKT vty PRlFLEL 1T > TV DRI
SYNC fymZxdite &, EF DK 7 1t v 3753 SYNC Z&ide £ CEMEA1E 1 L,
ETOT vty ¥3 SYNC finfy & 5ede & BOBMIEZ T 5, WHLE T O 7 1
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@O Pram.java

Z 2T, WMESURATEAT O, TFRIRATE L U FRIOF i, TN EAEERL LE
OETHEEICE LD LD, AEITER L7 PRAM AIFSISiEOMS 72 Ed, 2 2 TH
WHEEEE LD LMK T AT BT T a— REMA T TN,

@ Operators.java
AlEl, PRAM 22231 T OAIZHE L7 PUSHP 2 X DAL —4%% VSM 7t o7
ZIBIMD EDRHZZEDEEMND T, HEANL—=F ORI 217> TV D,

@ Symbol.java
TR, TR T 0 7T DSRESCIRITIC b =7 CEETERICL BN D TH D,
O L7 b =2 &2 int IO 7 ¢ —)L NN T 20F, ZDEE b —27 ORG-S
21T 9,
@ LexicalAnalyzer.java
TR TR EAT D, T a s T ATEMIEGS R E RS, T U EOXTER
TERY ., ZN o2 EBEROH 5 HEE (Token) ([C28#T 5, X HICZEDOHEFEE Pram 12T,
2.3.2PRAM =2 /31 T DflAE
AAFZETEREF L7 PRAM =2 31 T OfAEZ DL RIS R,
[7 7 A4 v4]k 2 PRAM HWAI 7 v 3 ) AAEFH LB LY n s T 8835, DU
Da<wy REFATTHE [ 77 ANVALk BIEFT & 7 1288 S, outputfile (ZH )
S5, foo.asm M L7346 1%. OpCode.asm ([ZHI ) 415,

>java Pram [7 7 1 V4] .k [foo.asm]



foo.asm % PRAM =2 XA FIZ LV ER SN EE SN VSM 7|77 295, =
DEx, UToa<wy N2k foo.asm #FE{TTE 5,

>java VSM  [-c][foo.asm]

7 7 A V4 foo.asm AN L7261, OpCode.asm 23FEITIiL D, T, FEATHRZ
Fa e BHIEETAZLITE D PRAM L THEHE KOS5 SiEa TS H & %@d‘%ﬁj{ﬁﬁaﬂ
b5,
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ARFETIIARMIE Tl L7 PRAM =231 T ORREEZTT 9, PRAM 22231 T DIEY
PEZRREES 5%, PRAM HWAISsEx2 Gie 7 v 7T A& El LT PRAM =1 /34 T TD
AUNRNA N RAT LI, B LTE7 87T AT 4137,

maini){
parallel (0,15)1{

Trite($ﬁ);

4 PRKO5 EFET RS T A

(4 4 O7 1277 AT parallel Xz, 0~15 FETO 16 BO T R v TRLHZE
1795, LT, $p 2N TIEITLTWDIEO T 0t v P K S22 7R S, write I
FOHETEETCWE, 2Ol I LhE2a XM )LT5ZLICKVK™ 51277 VSM 7 &
T IR SIS,

PUSHI D
PUSHI 15
PARA
PUSHP
OUTPUT

SYNC
HALT

5 JKRVSM 7 &7 7
61T, K 5HER VSM 727 7% PVSM THEATT 5 & K 6 [T FATRER D)
éj/l/éo

0123456789310 111213 14 15

Execution time 2 7
X 6 FEITHERE
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DTE, AT TY X LOFHREEI A ERAICIT 2 & TE S, LnL, 2031
FLLTOMERTRS T b0 LTS5 W, parallel STITEI L Tik., STEDOHIR
DL ENRTIENTTNDEZARH D, $p B LTiE. HWD & xicEEH ol
BRAZ . ZABENSWN EITFE VIR,

SHBOMBEE LTI, WHREZITS Yoty PEOESRICE—O ot vy &K 5%
HIE T HHRES°. parallel SCHIZ parallel XEHWHILD L 9 ZefiE7e E AT Nz 5
EWVSTHERBEDILIEEAT O 2 ENFEIT 6D,
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[2] Joseph J4J4 : “An Introduction to Parallel Algorithms” Addison Wesle
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fix
& 1 K05 EFEDIiE

ABFFTETHWTZ K05 SRED L LU TICR T,

<Program>::=<Main_fanction>

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

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

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

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

| u{” { <Statement> } “}” | u;”

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

e

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

99 (Lo

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

9 Ce

<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>

“'_“

| <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>
13



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

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

16 2 3R K05 SFEDXLE

<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> | <Para_statement>
| <Assignment>| <Write_statement>

| <Writechar_statement>| “{” { <Statement>} “}” | “”

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

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

“»

<Para_statement>::= “parallel” “(” <Expression> “~ <Expression> )"
<Statement>

e

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

79 6Ced)

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

9 Ce

<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>

“Y_“

| <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> }
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<Arithmetic_factor> ::= <Unsigned_factor> | “I“ <Arithmetic_factor>
| ““<Arithmetic_factor>
<Unsigned_factor> ::= NAME | NAME “[” <Expression> “|“ | INT | $p | CHAR

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

6% 3 VSM 775D

ASSGN:
addr = Stack [--SPI;
Dsegladdr] = Stack[SP] = Stack [SP+1];
ADD: BINOP(H);
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 [SP];
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 [SPI;
DEC: Stack [SP] = -- Stack [SP];

15



COMP:
Stack [SP-1] = Stack [SP-1] > Stack [SP] ? 1:
Stack [SP-1] < Stack [SP] ? -1 0;
SP--;
BLT:  if (Stack [SP--] < 0) Pctr = addr;
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 O;
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]];

16



8 4 PRAM =234 505 A

AIFFETHER L7 PRAM 22234 D70 7T AELDLUFICRT, 7B, ARIFECTIER L
7 v 7T MILLT O %,

(1) Pram.java

(2) InputFile.java

(3) Instraction.java

(4) InstructionSegment.java

(5) LexicalAnalyzer.java

(6) Operators.java

(7) Symbol.java

(8) Type.java

(9) Var.java

(10) VarTable.java

(11) TruthValue

/* Pram.java */

public class Pram implements Operators, Symbol, Type, TruthValue {
static LexicalAnalyzer lexer;
static VarTable vt;

static InstractionSegment iseg;

public static void main(String[] args)t
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();

17



if(args.length == 1)iseg.dump2file();
else iseg.dump?2file(args[1]);

public static void parseProgram({
parseMain_function();

iseg.appendCode(HALT);

public static void parseMain_function() {
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();

public static void parseBlockO1
if (lexer.ttype==S_LBRACE) lexer.nextToken();
else syntaxError();
while (lexer.ttype==S_INT| | lexer.ttype==S_BOOLEAN)

1
parseVar_decl();

while (lexer.ttype!=S_RBRACE)

parseStatement();
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lexer.nextToken();

public static void parseVar_decl(O{

int type=0;

String name ="";

int size = 1;

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

{

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();

J

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();

19



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

else syntaxError();

vt.addElement(type,name,size); /75506 6%k

while (Iexer.ttype==S_COMMA)

{

size=1;

lexer.nextToken();
if(type==T_ARRAYOFINT)type=T_INT;
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(;
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if(vt.addElement(type,name,size)==false){

syntaxError();

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

}

public static void parseStatement({

switch (lexer.ttype)

{

case S_IF:
parself_statement();
break;

case S_WHILE:
parseWhile_statement();
break;

case S_FOR:
parseFor_statement();

break;

case S PARALLEL:
parsePara_statement();
break;

case S_WRITE:
parseWrite_statement();

break;

case S NAME:
parseAssignment();

break;

case S WRITEINT:
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parseWriteint_statement();

break;
case S WRITECHAR:
parseWritechar_statement();

break;

case S_LBRACE:

lexer.nextToken();
while (lexer.ttype!=S_RBRACE)
{
parseStatement();
}

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

break;

case S_ SEMICOLON:
lexer.nextToken();

break;

default:
syntaxError();
break;

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){
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syntaxError();

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

else syntaxError(;

int ad=iseg.appendCode(BEQ);
parseStatement();

iseg.replaceCode(ad,iseg.isegPtr);

public static void parseFor_statement({
int ktest=-1;
if(lexer.ttype==S_FOR)lexer.nextToken();

else syntaxError();

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

else syntaxError();

parseAssignment2();

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

else syntaxError();

int adl = iseg.isegPtr;

ktest=parseExpression();

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

b

int ad3 = iseg.isegPtr;

iseg.appendCode(BEQ);

iseg.appendCode(JUMP);

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

int ad2 = iseg.isegPtr;

parseAssignment30);

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

else syntaxError();

iseg.appendCode(JUMP,ad1);

int ad4 = iseg.isegPtr;
parseStatement();
iseg.appendCode(JUMP,ad2);
iseg.replaceCode(ad3,iseg.isegPtr);
iseg.replaceCode(ad3+1,ad4);

public static void parsePara_statement({

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

else syntaxError(;

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

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

else syntaxError();

iseg.appendCode(PARA);
parseStatement();

iseg.appendCode(SYNC);

public static void parseWhile_statement(1
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); /IBEQ D3I/ 7 KL A2 E Xz 5

25



public static void parseAssignment(1
int ktest1=-1;
int ktest2=-1;
ktestl=parseLefthand_side(;
if (lexer.ttype==S_ASSIGN){ lexer.nextToken();

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

}

else if(lexer.ttype==S_INC){ lexer.nextToken();

if(exer.ttype==S_SEMICOLON) lexer.nextToken();
else syntaxError();

iseg.appendCode(POSTINC);
iseg.appendCode(REMOVE);

else syntaxError(;

public static void parseAssignment201{

int ktest1=-1;
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int ktest2=-1;

ktest1=parseLefthand_side();
if (lexer.ttype==S_ASSIGN) lexer.nextToken();

else syntaxError(;

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

public static void parseAssignment301{
int ktest1=-1;
int ktest2=-1;

ktestl=parseLefthand_side(;
if (lexer.ttype==S_INC) lexer.nextToken();

else syntaxError(;

iseg.appendCode(POSTINC);
iseg.appendCode(REMOVE);

public static void parseWrite_statement({
int ktest=-1;
if(lexer.ttype==S_WRITE) lexer.nextToken();

else syntaxError(;
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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_STRING && ktest =T _ARRAYOFCHAR){
syntaxError();
}
if(lexer.ttype==S_RPAREN) lexer.nextToken();

else syntaxError();

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

else syntaxError(;

switch(ktest){

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

case T CHAR:
iseg.appendCode (OUTPUTC();
break;

case T _DOUBLE:
iseg.appendCode (OUTPUTD);
break;

case T BOOL:
iseg.appendCode (OUTPUTB);
break;

case T _STRING:
iseg.appendCode (OUTPUTS);
break;

default:
syntaxError (;
break;
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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 void parseWritechar_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_BOOL | | ktest==T _ARRAYOFBOOL){

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(OUTPUTC);

public static int parseLefthand_side({

int ktest=-1;

if (lexer.ttype==S_NAME)

{
if(vt.exist(lexer.name)==false){
syntaxError();
H
ktest = vt.getType(lexer.name);
iseg.appendCode(PUSHI,vt.getAddress(lexer.name));
lexer.nextToken();
J

else syntaxError(;

if (lexer.ttype==S_LBRACKET)

{
parseLefthand_side2(ktest);
J
else
{
if(ktest==T_ARRAYOFINT | | ktest==T_ARRAYOFBOOL){
syntaxError();
H
J

return ktest;

public static void parseLefthand_side2(int ktest){

if(lexer.ttype==S_LBRACKET){
if(ktest==T_INT | | ktest==T_BOOL){

syntaxError();

}
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lexer.nextToken();
H
else syntaxError();
parseExpression();
iseg.appendCode(ADD);
if(lexer.ttype==S_RBRACKET)

{

lexer.nextToken();

}

else syntaxError(;

public static int parseExpression() {
int ktest1=-1;
int ktest2=-1;
ktest1=parseLogical_term0);

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(;

H

iseg.appendCode(OR);

J

return ktest1;

public static int parseLogical_termO1{
int ktest1=-1;
int ktest2=-1;
ktest1=parseLogical_factor(;
while (Iexer.ttype==S_AND)
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lexer.nextToken();

ktest2=parseLogical_factor();
if((ktest1==T_INT | | ktest1==T_ARRAYOFINT) | |
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))
{
syntaxError();

j

iseg.appendCode(AND);

}

return ktest1;

public static int parseLogical_factor(O{
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
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ktest1=T BOOL;
J
pctr = iseg.appendCode(COMP);
iseg.appendCode(BEQ,pctr+4);
break;

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();

}

else

ktest1=T_BOOL;
H
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();

}
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else

ktest1=T_BOOL;
h
petr =iseg.appendCode(COMP);
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();

}

else

ktest1=T BOOL;
J
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)
{
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syntaxError();
¥

else

ktest1=T BOOL;
J
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();
}
else
{
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);
H

return ktest1;
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public static int parseArithmetic_expression(O{
int betype=-1;
int ktestl =-1;
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();
}
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(;

}

iseg.appendCode(SUB);

break;

default:
break;
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return ktest1;

public static int parseArithmetic_term( {
int betype=-1;
int ktestl =-1;
int ktest2 = -1;
ktestl=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;
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case S_ MOD:

lexer.nextToken();

ktest2=parseArithmetic_factor(;
if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T INT | | ktest2==T ARRAYOFINT))==false)

{
syntaxError();

}
iseg.appendCode(MOD);
break;

default:
break;
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); 155 5 25 i
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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();

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

lexer.nextToken();

if(lexer.ttype==S_LBRACKET){
parseUnsigned_factor2(ktest);

H
iseg.appendCode(LOAD);
break;

case S_INTEGER:
ktest=T INT;
iseg.appendCode(PUSHI, lexer.value);

lexer.nextToken();

break;

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

break;

case S_PROCESSOR:

ktest=T INT;
iseg.appendCode(PUSHP,lexer.value);
lexer.nextToken();

break;

case S_LPAREN:

lexer.nextToken();

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;
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iseg.appendCode(PUSHI,V_TRUR); //E% %7 1 N A%
lexer.nextToken();

break;

case S_FALSE:
ktest = T_BOOL;
iseg.appendCode(PUSHI,V_FALSE); /A% 33 0 A A%

lexer.nextToken();

break;

default:
syntaxError();
break;

}

return ktest;

public static void parseUnsigned_factor2(int ktest)t
if (lexer.ttype==S_LBRACKET)

{
if(ktest==T_INT| | ktest==T_BOOL){
syntaxError();
}
lexer.nextToken();
}

else syntaxError();

parseExpression();

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

}

else syntaxError();

iseg.appendCode(ADD);
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public static void syntaxError() {
System.out.println(lexer.ttype);
System.out.printIn("Syntax error at line " + lexer.inFile.linenum);
System.out.println(lexer.inFile.line);
lexer.inFile.closeFile();

System.exit(1);

/* InputFilejava */

import ioTools.*;

import java.io.*;

public class InputFile {
BufferedReader buffer; /* AJJZ7 7 A NVD/Ry 757 */

String line; I* ANT17 7 A ND 11T DLTH] */
int linenum; 1* A7 7 ANVOITE S */

int columnnum; I* AN7 7 ANVOFFES *

char currentc; % BEAIA AT ¥

char nextc; 1* ITFRFIAT LT */

[* a3 A N7 27 & 7T, inputFileName &9 7 7 A L ZB X,
FDT7 7 ANES% buffer THHET 5. F£7- linenum,
columnnum, currentc, nextc Z#J#L32 */

public InputFile(String inputFileName) {

buffer = Filelo.fRead(inputFileName);

linenum = 0;

columnnum = 0;

HIATIZ 7 A Vb —4T3E

readInputFile();

AN D—LFH ZFHiA T, ZDOXF% nexte |[THEMNT 5.
nextc =""

nextChar(;

Ibuffer 75 —1T5tdr, SCFHNEE line ([ZFDITEEMNT 5 A Y v K.
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public void readInputFile() 1

try {
line = buffer.readLine();

} catch(IOException error_report) {
[* FEARHT T —INBAELTZSL, XY v F LI ERRL,

TrANERL, LEREK T SED ¥

System.out.println(error_report);
closeFile(;
System.exit(1);

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

System.exit(1);

IRDLFHAGD A Y v K. (W 2.7 TIERT )
public char nextChar() {
if (ine == nulD) {//7 7 A WVRIZHE L 72 H'¥0' %K T,
currentc = nextc;
nextc = '"¥0"
return currentc;
} else if (columnnum >= line.length(Q) { /AT RIZE L 7= 5'¥n' % K3
readInputFile();
currentc = nextc;
nextc = '¥n";
linenum-++;
columnnum = 0;
return currentc;
}else { /@ OEIE. AT —LF % nexte [T/ L, TOMEEZIRT.
currentc = nextce;

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

return currentc,

public static void main(String[] args) {
InputFile inFile = new InputFile("bsort.k");
do {
do{//Z® do-while SCIXME 2.7 TOHMERNITHS.
inFile.nextChar();
System.out.print(inFile.currentc);

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

[* WD 24T71L, ME 2.6 TOHRMBERINBETHS.
System.out.printIn(inFile.line);
inFile.readInputFile();

*/

} while(inFile.line != null);

/* Instraction.java */

class Instraction implements Operators {
int operator; [* F_XL—x %
int operand; [*int B ~Z R ¥/
double doubleOperand; /* double BIA =7 > R */
String stringOperand; /* String 47 ¥/
boolean register; [ 7 R U2 ESf ¥/

I FXRXT7 0 RefflcipWGEDa A N7 7 4
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 BA T o RaeRioa0a A N7 7 4
public Instraction (int op, int 1) {
operator = op;
operand = 1;
doubleOperand = Double.NaN;
stringOperand = "";

register = false;

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

register = r;

Il char BUA T o REFOEEODa L 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¢;
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doubleOperand = Double.NaN;
stringOperand ="";

register = r;

/I double A XZ o REFFOLHED 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;

Il String BUFA T o REFfORE0a L A N7 7 4
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 r) 1
operator = op;
operand = Integer MAX_VALUE;
doubleOperand = Double.NaN;
stringOperand = str;

register = r;
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public String toString() {
char c;
switch(operator) {
case PUSH: [*int AT o REFp o545 ¥/
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 BU AT o REFF o84 */
¢ = (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";
H
case PUSHD: /* double %7~
T v REFEOUE ¥/

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

47



case PUSHB: /* boolean % 7~
7 v R oga *
return opName() + (operand != 0);
case PUSHS: [* String ! A~ 7
v ReRioha */
String str ="";
for (int i=0; i<stringOperand.length(; i++) {
¢ = stringOperand.charAt(i);
switch (c) {
case "¥0"
str += "¥¥0";
break;
case '¥b"
str += "¥¥b";
break;
case '"¥n"
str +="¥¥n";
break;
case "¥r"
str += "¥¥r";
break;
case "¥t"
str += "¥¥t";
break;
default:
str += stringOperand.charAt(@);

break;
b

H

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

return opName() + "¥t¥t"; /% FRZ7 K&

Flo7pniga %

}

ATy Ra— REedRTy Rk
public String opName() {
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switch(operator) {

case NOP:

case ASSGN:
case ADD:

case ADDLHS:
case SUB:

case SUBLHS:
case MUL:
case MULLHS:
case DIV

case DIVLHS:
case MOD:
case MODLHS:
case CSIGN:
case AND:

case OR:

case NOT:

case XOR:

case COMP:
case COPY:
case PUSH:
case PUSHI:
case PUSHC:
case PUSHD:
case PUSHB:
case PUSHS:
case POP:

case REMOVE:
case LOAD:
case INC:

case DEC:

case PREINC:
case PREDEC:
case POSTINC:
case POSTDEC
case SETFR:
case INCFR:
case DECFR:

return "NOP "
return "ASSGN "
return "ADD "
return "ADDLHS ";
return "SUB "
return "SUBLHS ";
return "MUL "
return "MULLHS ";
return "DIV "
return "DIVLHS ";
return "MOD "

return "MODLHS ";

return "CSIGN ";
return "AND "
return "OR "
return "NOT "
return "XOR "
return "COMP ";
return "COPY '
return "PUSH "}
return "PUSHI ";
return "PUSHC "
return "PUSHD ";
return "PUSHB '
return "PUSHS '
return "POP "

return "REMOVE ";

return "LOAD "
return "INC "
return "DEC "
return "PREINC ";
return "PREDEC ";
return "POSTINC";
return "POSTDEC";
return "SETFR ";
return "INCFR ";
return "DECFR ";
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/I no operation
/[ assign
I+
I +=
/-
I -=
I*
I *=

1"

Il =
1'%
Il %=
/] HATH-
// and

/] or

/l not
Il exclusive or
/I comp
/I copy
// push
/I push integer
/l push char
// push double
/I push boolean
/I push string
I/l pop
/l remove

/I load

/] ++

I -
/1 i

of
+
+

/l set frame register
/[ inc frame register

/I dec frame register



case JUMP:
case BEQ:
case BNE:
case BLT-
case BLE:
case BGT:
case BGE:
case CALL:
case RET-
case INPUT:
case INPUTC:
case INPUTD:
case INPUTS:
case OUTPUT:

case OUTPUTC:
case OUTPUTD:
case OUTPUTL:

case OUTPUTS: return "OUTPUTS";
case CASTI: return "CASTI ";
case CASTC: return "CASTC "
case CASTD: return "CASTD "
case CASTB: return "CASTB ";
case CASTS: return "CASTS '
case RAND: return "RAND '}
case HALT: return "HALT '
case PARA: return "PARA '
case SYNC: return "SYNC '
case PUSHP: return "PUSHP ";
case EOF: return "EOF "
default: return "ERROR '

}

/* InstractionSegment */

return "JUMP
return "BEQ
return "BNE

return "BLT "

return "BLE
return "BGT
return "BGE
return "CALL
return "RET
return "INPUT

return "INPUTC ";

"ne
’

"e

b

return "INPUTD ";
return "INPUTS ";

return "OUTPUT ";

return "OUTPUTC";
return "OUTPUTD";
return "OUTPUTL";

import i0Tools.*; //7 7 A /W AHJIH
import java.io.*; /7 7 A /VAHITIH
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/I jump
I==7
=72
n<?
<=7
I">?
IN>=7?
/I call
/I return
// input integer
/I input character
/I input double
/[ input string
/l output integer
/[ output character
/I output double
/I output line
/[ output string
/l cast int
/I cast char
/l cast double
/l cast boolean
/I cast string;
/I random
// halt
/l parallel
/I syncronous
/I push processor number
I/l end of file

/I error



import java.util. ArrayList; //ArrayList ZLEH

public class InstractionSegment implements Operators 1
ArrayList iseg;
int isegPtr;

int size;

boolean debugSW;

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

debugSW = dsw;

Il Iseg |Z Instraction a5 % Nz 5
public int appendCode (Instraction inst) {
if (size == isegPtr) {
if (debugSW) System.out.println(isegPtr+" "+inst);
iseg.add (inst);
sizet+;
}else {
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);
H
isegPtr++;

return isegPtr-1;

Il Iseg IZA T v RELMOEINZD
public int appendCode (int operator) {
if (size == isegPtr) {
Instraction inst = new Instraction (operator);

if (debugSW) System.out.println (isegPtr+": "+inst);
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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 = false;
if (debugSW) System.out.println ("-> "+inst);
b
isegPtr++;

return isegPtr-1;

public int appendCode (int operator, boolean register) {

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

}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);

H

isegPtr++;

return isegPtr-1;

/l Iseg |2 int A7 > Ffama a2z 5

public int appendCode (int operator, int operand) {
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false);

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);
}
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;

Il Iseg |2 double B A4 ~XZ > Nfma a2z 5
public int appendCode (int operator, double doubleOperand) {

if (size =

} else {

= isegPtr) {

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

iseg.add (inst);

size++;

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

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

size++;
} else {
Instraction inst = ((Instraction) iseg.get (isegPtr));
replace (isegPtr, inst, operator, Integer. MAX_VALUE, doubleOperand, "",
register);
b
isegPtr++;
return isegPtr-1;
b

/Il 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);
H
isegPtr++;

return isegPtr-1;

public int appendCode (int operator, String stringOperand, boolean register) {

if (size == isegPtr) {
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Instraction inst = new Instraction (operator, stringOperand, register);
if (debugSW) System.out.println (isegPtr+": "+inst);
iseg.add (inst);
sizet+;
}else {
Instraction inst = (Instraction) iseg.get (isegPtr));
replace (isegPtr, inst, operator, Integer MAX VALUE, Double.NaN,
stringOperand, register);
}
isegPtr++;

return isegPtr-1;

H
public int operator (int addr) { [¥ FRL—H B ¥
if (addr <0 | | addr >= size)
executeError("Illegal iseg address ", addr);
return ((Instraction) iseg.get (addr)).operator;
}
public int operand (int addr) { [¥ FXT 2 RE ¥/
if (addr <0 | | addr >= size)
executeError("Illegal iseg address ", addr);
return ((Instraction) iseg.get (addr)).operand;
H
public char charOperand (int addr) { [* char LA ~XZ o R&R$ */
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 ~XF o KZ&iK§ */
if (addr <0 | | addr >= size)
executeError("Illegal iseg address ", addr);

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

public boolean boolOperand (int addr) {  /* boolean 47 o K& iKd */
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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 ~XZ > 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);

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

I DX THDT LA ETF =/
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;

I 8 LT-7 RL 2D EFxR
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public void print (int addr) {;
System.out.print(addr + ": " + (Instraction) iseg.get (addr));

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

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

Illseg %7 7 /v N7 7 A /VIZHT
public void dump2file() {
PrintWriter outputFile = FileIo.fWrite ("OpCode.asm", false);
for (int i=0; i<isegPtr; i++)
outputFile.println ((Instraction) iseg.get (i));
outputFile.close();

Il Iseg ZFRELT=7 7 A M
public void dumpZ2file (String fileName) {
PrintWriter outputFile = Filelo.fWrite (fileName, false);
for (int i=0; i<isegPtr; i++)
outputFile.println ((Instraction) iseg.get (i));
outputFile.close();

I B DAL =5 AT RaBERT 5
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);
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/laddr F&HDOMBD AXVb—%, FXZ R % 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 FHOMBTDART K % operand (ZEET 5
public void replaceCode (int addr, int operand) {
Instraction inst = ((Instraction) iseg.get (addr));

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

/l addr FHOMBTD AXL—%, 47 K % operator, doubleOperand (ZEH T 5
public void replaceCode (int addr, int operator, double doubleOperand) 1

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

replace (addr, inst, operator, IntegerMAX VALUE, doubleOperand, ",

inst.register);

}

/I addr & H Of5 DA77 > K % doubleOperand (ZEH T %
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 FHDOMSD AXL—H, 47 K % operator, stringOperand ([ZZHF 3 5
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);

}

Il addr #&H DDA T R % stringOperand I[ZAH T %
public void replaceCode (int addr, String stringOperand) {

Instraction inst = ((Instraction) iseg.get (addr));
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replace (addr, inst, inst.operator, Integer.MAX VALUE,

stringOperand, inst.register);

}

/I addr #&H OfH % inst IZEET 5

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);

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

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

/* LexicalAnalyzer.java */

public class LexicalAnalyzer implements Symbol {

int ttype; [* b—2 DAL ¥
int value; 1* BEOGEZEDE LFEOLGALFa— K ¥
String name; I* BEOGEZE DA */

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

a2 T 72T, A7 7ANVOutAR L, ST EZIT .
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public LexicalAnalyzer(String fname) {
HIAT17 7 A vE B <

inFile = new InputFile(fname);

17 4 —v ROt
value = 0;

name = null;

¥
public int nextToken() { [* FRENT RO N—20 U EGD ¥
ttype = S_NULL;
char c;
do { [* ZBHEAX YT *
¢ = inFile.nextChar();
}while(c==""|] c=="¥t' | | ¢ =="'¥n");
if (c == "¥0") ttype = S_EOF; /* End of file */
else if (c =='0") { * P LS (0) */
value = 0;
ttype = S_INTEGER;
} else if (Character.isDigit(c)) [* 5o UK )

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

case 'b":
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;
else ttype = S_NAME; 1* 2L ¥
break;
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case "1
if (str.equals("if")) ttype = S_IF; /* if */
else if (str.equals("int")) ttype = S_INT;  /* int */
else ttype = S_NAME; 1* B4 ¥
break;
case 'm'
if (str.equals("main")) ttype = S_MAIN; /* main */
else ttype = S_NAME; 1* B
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* B4 ¥
break;

case 't"
if (str.equals("true")) ttype = S_TRUE; /* true */
else ttype = S_NAME; 1* B
break;

case 'w"

if (str.equals("while")) ttype = S_WHILE; /* while */
else if (str.equals("writeint"))
ttype = S_WRITEINT; /* writeint */
else if (str.equals("writechar"))
ttype = S_WRITECHAR;
writechar */
else if (str.equals("write"))
ttype = S_WRITE;
else ttype = S_NAME; 1* B4 ¥
break;
case 'p"
if(str.equals("parallel") ttype = S_PARALLEL; /*parallel*/
else ttype = S_NAME;
break;
default:
ttype = S_NAME; 1* A x|
break;
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name = str;

} else {

switch(c) {

case '("
ttype = S_LPAREN;
break;

case )"
ttype = S_RPAREN;
break;

case '{"
ttype = S_LBRACE;
break;

case 'I"
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 't+"
ifinFile.nextc == "+){

inFile.nextChar();
ttype = S_INC;

telse ttype = S_ADD;
break;

case '-"
ttype = S_SUB;
break;

case "*"

ttype = S_MUL;
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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;
break;
case '!":
if (inFile.nextc == '=") {
inFile.nextChar(;
ttype = S_NOTEQ;
} else ttype = S_NOT;
break;
case '&"
if(inFile.nextc =='&") {
inFile.nextChar(;
ttype = S_AND;
} else syntaxError();
break;

case'|"

1% 1%
I* % */
o
[* =%
[* <=
[* < ¥
[* >= %
[* <%
/% 1= %/
/%1%
/* && */
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if (inFile.nextc =="|") { %11 *
inFile.nextChar();

ttype = S_OR;
} else syntaxError();
break;

case '$"
ifinFile.nextc == "p'){
inFile.nextChar();
ttype = S_PROCESSOR;
} else syntaxError();
break;
case "¥" [* 30 *
¢ = inFile.nextChar();
if (c !="¥" && inFile.nextc == "¥") {
inFile.nextChar();
ttype = S_CHARACTER;
value = (int) ¢

} else syntaxError();

break;
default:
syntaxError();

break;

}

return ttype;

public int extractIntValue(char c) { [*c ThaE DEEEAE1GD ¥/
int v = Character.digit(c, 10); [* SUF- 2 BEE T AR )
while (Character.isDigit(inFile.nextc)) 1
¢ = inFile.nextChar();
v =v * 10 + Character.digit(c, 10);
H

return v,

public String extractWord(char c) 1 [* ¢ THEDLTINEGD */
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String s = String.valueOf(c);
while (Character.isLowerCase(inFile.nextc)
| | Character.isUpperCase(inFile.nextc)
| | Character.isDigit(inFile.nextc)
| | inFile.nexte=="") {
¢ = inFile.nextChar();
s=s+c¢
H

return s;

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

System.exit(1);

/* Operators.java */

interface Operators {

static final int NOP = 05 // no operation
static final int ASSGN = 1; //assign
static final int ADD = 2; /I+
static final int ADDLHS = 3; //+=
static final int SUB = 4; /-

static final int SUBLHS = 55 //-=
static final int MUL = 6 /*
static final int MULLHS = 7; //*=
static final int DIV = & [/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; //or
static final int NOT =15; // not
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static final int XOR =16; // 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; //load
static final int POP =27; Il pop
static final int INC =28, /[ ++
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; // 1% --

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 /<=7
static final int BEQ =40; [//==7?
static final int BNE =41; /=7
static final int BGE =42; [[>7?
static final int BGT =43; [[>=?
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
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static final int OUTPUTS = 54;
static final int OUTPUTL = 55;

static final int CASTI = 56;

static final int CASTC =57;
static final int CASTD = 58;
static final int CASTB = 59;
static final int CASTS = 60;
static final int RAND =61;
static final int HALT =62;
static final int PARA =63;

static final int SYNC =64;
static final int PUSHP = 65;
static final int EOF =255;
static final int ERROR  =-1;

/* Symbol.java */

interface Symbol {
static final int S ERROR
static final int S_NULL = 0;
static final int S MAIN = 1;
static final int S_IF = 2;
static final int S_ELSE = 3;
static final int S WHILE = 4;
static final int S_ FOR = 5;
static final int S_DO = 6;
static final int S READINT = 7;
static final int S READCHAR =
static final int S_READDOUBL

-1;

static final int S READSTR = 10;

static final int S WRITE = 11,

static final int S_WRITEINT = 12;

static final int S WRITECHAR

/l output string

/I output line
/I cast to integer;
/I cast to char;

/I cast to double;
/I cast to boolean;
/I cast to string;
/l random

/[ halt
/l parallel

/I synchronous

// push processor number
/I end of file

/I error

/* main */
[*if */
I* else */
/[* while */
I* for */
/* do */

/* readint */

8; I* readchar */
E=9; /*readdouble */
[* readstr */

I* write */

/* writeint */

=13; /* writechar */

static final int S WRITEDOUBLE = 14,/* writedouble */

static final int S WRITESTR =
static final int S WRITELN =1
static final int S RAND =17;

15;
6;

/* writestr */
/* writeln */

/* rand */
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static final int S_INT = 18; /* int */

static final int S CHAR =19; /* char */
static final int S_BOOLEAN = 20; /* boolean */
static final int S DOUBLE = 21; /* double */
static final int S_ STRING = 22; /* String */

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; /* 1 ] *
static final int S NOT = 31; [* 1 *
static final int S_ADD =32; 1%+ %/
static final int S_ SUB = 33; [* - %/
static final int S MUL = 34; [* * %/
static final int S_DIV = 35; %1%
static final int S MOD = 36; 1* % */

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; 1* %=*/
static final int S_ INC = 43; [* ++ %/

static final int S_DEC = 44; [* == %]

static final int S SEMICOLON = 45; /*;*/
static final int S_LPAREN = 46; 1% (*/

static final int S_RPAREN = 47; %) */

static final int S LBRACE = 48; [* 4%/

static final int S_ RBRACE = 49; %} %]

static final int S_LBRACKET = 50;  /* [ */
static final int S RBRACKET = 51;  /*] */
static final int S COMMA = 52; [, *
static final int S INTEGER = 53; [* FEE */
static final int S CHARACTER =54; /* X5 */
static final int S_ NAME = 55; I* ¥4 *
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static final int S TRUE = 56; [* true */

static final int S_ FALSE = 57, /* false */
static final int S DOUBLEVAL = 58; /* FE$ */
static final int S_STR= 59; [* 3CEEE] %

static final int S_PARALLEL = 60;  /* parallel */
static final int S_PROCESSOR =61; /* $p */
static final int S_ EOF = 255; /* end of file */

/* 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 =17,
static final int T_ARRAYOFDOUBLE = 8;
static final int T_STRING =9;
static final int T_ ARRAYOFSTRING = 10;
static final int T_ERROR = 255;

/* Var.java */

public class Var {

int type; AR

String name; 1* 2L ¥

int address; [ EYETHENDT LR ¥
int size; I* WAV OS5 % DA X *

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

address = a;
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size = s;

/* VarTable.java */

import java.util.Vector;

public class VarTable {
Vector vt;

int nextAddress;

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

public boolean addElement(int t, String n, int s) { /* FIZZEHFF A */
if(exist(n)) return false; /* ZRIOEMHET = v 7 */
vt.addElement(new Var(t, n, nextAddress, s));
nextAddress += s;

return true,

public boolean exist(String n) { I* BEF OB T DD *]
for(int i=0; i<vt.size(); i++)
if(n.equals(((Var)vt.get(i)).name)) return true;

return false;

public int getAddress(Stringn) {  /* XD OLEKRDOT KL A%H55 */
int 1;
for(i=0; i<vt.size(); i++)
if(n.equals(((Var)vt.get(i)).name)) breaks;
if(i == vt.size() return -1; /* RITFELRWGE */

else return ((Var)vt.get(i)).address;
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public int getType(String n) { [* RINOEEORELGSH */
int 1;
for(i=0; i<vt.size(; i++)
if(n.equals(((Var)vt.get(i)).name)) breaks;
ifi == vt.size() return -1; /* RITFELRWGE */

else return ((Var)vt.get(1)).type;

J
public int getSize(String n) { 1* BINLEBOY A Xetgsd *
int 1;
for(i=0; i<vt.size(; i++)
if(n.equals(((Var)vt.get(i)).name)) breaks;
if( == vt.size() return -1; /* RITIFE L72WGE */
else return ((Var)vt.get(i)).size;
}

public static void main(String[] args) {
VarTable varTable = new VarTable();

Strlng[] VarNameS — {upu’ nqn’ "I'", "S", "t"};

for(inti=0;1<5;1++)

varTable.addElement(0, varNamesl[il, 1);

for(inti=0;i<5;i++) 1
System.out.println("Z%%" + varNamesl[i] + "?O¥n" +
"7 KL A"+ varTable.getAddress(varNamesli])
+", A"+ varTable.getType(varNamesli])
+", WA X"+ varTable.getSize(varNameslil)
);

/* TruthValue */

interface TruthValuet{
static final int V_.TRUE =1,
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static final int V_FALSE = 0;
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