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1. K07 ERDIE
LFICARIZE TRV 72 KOT S 70 Sk R T,

<Program>:‘= <Main_function>
<Main_function>::="main” “(“ “)” <Block>

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

<Var_decl>:'= “int” (NAME [“=" [““] INT]) | (NAME “[“ INT “]”))
{u’” ((NAME [“:” [u_“] INT]) | (NAME «[« INT u]”))} 44;”

<Statement>:= <If_statement> | <While_statement> | <Exp_statement>
| <Writechar_statement> | <Writeint_statement>

| 44{“ {<Statement>} 44}” | 4:;»

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

132

<Exp_statement>!:= <Expression>

<Writechar_statement>::= “writechar” “(“ <Expression> “)” «”
<Writeint_statement>::= “writeint” “(“ <Expression> “)” "
<EXpI‘eSSiOD>::: <EXp> [(44:» | c4+:77 | e =2 | “.—=» | 44/:” | u%:”) <EXpI‘eSSiOD>]

<Exp>:= <Logical_term> {“| |” <Logical_term>}
<Logical_term>::= <Logical_factor> {“&&” <Logical_factor>}
<Logical_factor>::= <Arithmetic_expression>
[(==" | 4= | “< | “<=" | > | “>=") <Arithmetic_expression>]
<Arithmetic_expression>::= <Arithmetic_term> {(“+” | “-) <Arithmetic_term>}
<Arithmetic_term>:= <Arithmetic_factor> {(“*” | “/” | “%”) <Arithmetic_factor>}
<Arithmetic_factor>:= <Unsigned_factor>
| “-“<Arithmetic_factor>
| “Y” <Arithmetic_factor>
<Unsigned_factor>:= NAME [“[ <Expression> “]”]
| (“--“ | “++”) NAME
| NAME (“-” | “++7)
| INT | CHAR
| “(“ <Expression> “)”
» |«

| “readchar readint”
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LTI AHIZE T 72 4R3R KOT 53500 ik &~ T,

<Program>:'= <Main_function>
<Main_function>::="main” “(“ “)” <Block>

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

<Var_decl>:'= “int” (NAME [“=" [““] INT]) | (NAME “[“ INT “]”))
{u’” ((NAME [“:” [u_“] INT]) | (NAME «[« INT u]”))} 44;”

<Statement>:= <Parallel_statement> | <If_statement> | <While_statement> | <Exp_statement>
| <Writechar_statement> | <Writeint_statement>
| “{{<Statement>} “}” | “”

<Parallel_statement>::= “parallel” “(“ <Expression> “” <Expression> “)” <Statement>

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

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

e

<Exp_statement>::= <Expression>

<Writechar_statement>::= “writechar” “(“ <Expression> “)” «”
<Writeint_statement>::= “writeint” “(“ <Expression> “)” "
<Expression>33= <EXp> [(44:» | c4+:” | [ | (—_} | 44/:” | u%:”) <EXpI‘eSSiOD>]

<Exp>:= <Logical_term> {“| |” <Logical_term>}
<Logical_term>::= <Logical_factor> {“&&” <Logical_factor>}
<Logical_factor>::= <Arithmetic_expression>
[(==" | “=" | “<” | “<=" | " | “>=") <Arithmetic_expression>]

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

| “-“<Arithmetic_factor>

| “Y” <Arithmetic_factor>

<Unsigned_factor>::= “$p” | NAME [“[“ <Expression> “]”]

| (“__“ | 4c++») NAME
| NAME («__» | c4++”)
| INT | CHAR

| “(“<Expression> “)”

”|“

| “readchar readint”
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3. VSM 7+t 275Dk
LA FICARFE T VSM 7% 7 5 O30k &7,

BINOP: #define BINOP(OP) {Stack[SP-1] = Stack[SP-1] OP Stack[SP]; SP--;}
ASSGN:
addr = Stack[--SP];
Dsegladdr] = Stack[SP] = Stack[SP+1]
ADD: BINOP(+);
SUB: BINOP(»);
MUL: BINOP(*);

DIV:
if (Stack[SP] == 0)
{
printf(“‘Zero divider detected¥n”);
return -2;
§
BINOP();
MOD:

if (Stack[SP] == 0)
{
printf(“‘Zero divider detected¥n”);
retrun -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[SP];
DEC: Stack[SP] = --Stack[SPI;
COMP:

Stack[SP-1] = Stack[SP-1] > Stack[SP] ? 1:

Stack[SP-1] < Stack[SP] ? -1 : 0;

SP--;
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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 = addx;

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[SPI];

4. PRAM avn457a455 A
PUTFICAZE THWE PRAM 2t 84 570 75 L EaRd, B, AR TIER L7 1 75 LI T O
HER NS 70 5,

(1) FileScanner.java

(2) Instruction.java

(3) LexicalAnalyzer.java
(4) Operator.java

(5) Pram.java

(6) Pseudolseg.java

(7) Symbol.java

(8) Token.java

(9) Type.java

(10) Var.java
(11) VarTable.java

(1)  FileScanner.java
package pram;
import java.util_*;

import java.io.*;

class FileScanner {

Scanner sourceFile;

String line;

15



int lineNumber, columnNumber;

char currentCharacter, nextCharacter;

public FileScanner(String filename){

try {
sourceFile = new Scanner(new File(Ffilename));

lineNumber = O;
columnNumber = O;
nextCharacter = " ~;
readlnputFile();
nextChar();
}catch(Exception e){
System.out.print(e);

System._exit(1l);

public void closeFile(){

this.sourceFile.close();

public void readlnputFile(){

try{
line = this.sourceFile.nextLine();

}catch(Exception e){
closeFile();

System._exit(1l);

public String currentLine(){

return line;

public char lookAhead(){

return nextCharacter;

public int currentLineNumber(){
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return lineNumber;

public char nextChar(){
currentCharacter = nextCharacter;
if(columnNumber < line.length(){

nextCharacter = line.charAt(columnNumber++);

}

else if(sourceFile.hasNextLine() == false){
nextCharacter = "¥0-°;

}

else if(columnNumber >= line.length()){
readlnputFile();
nextCharacter = "¥n-;
lineNumber++;
columnNumber = O;

}

return currentCharacter;

(2) Instruction.java

package pram;

class Instruction

{
String op; //A4~L—X
int reg ; //7 KL AEfiH
int addr; //A4 <72 K

/** Operator” 7 ADEENLMBA TV =7 NelEHTmbDar A T 74
opcode CFHIEX DM
flag =DM DT KL A &S 1
address T ~7 K */
Instruction(Operator opcode, int flag, int address)
{
op = opcode.name();

reg = flag;
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addr = address;

/** LT ATV s VeSO DA AT

@param opcode SCFFIEA DM

@param Flag =DM DT KL AEffi1-

@param address A<7 K */
Instruction(String opcode, int flag, int address)
{

op = opcode;

reg = flag;

addr = address;

1/ B EHNT DDA v R
String printlnstruction()

{
/* AT LB, M DopEliiop_ oprndOuts
NDOEDNE D NEXHT L0ENH D
String op_oprndCodeList =
"PUSH PUSHI POP POPI BLT BLE BEQ BNE BGE BGT JUMP';
// 3 Dopiliop_oprndCodeList WD D TARTILL, opD &% HT)
if (op_oprndCodeList. indexOf(op) < 0)
return op;
/74 DopiliAiop_oprndCodeList fifd D72 513, opLaddrz i)
else
return op + "¥t' + addr;
}

(3) LexicalAnalyzer.java
package pram;

import static java.lang.Character.isLowerCase;
import static java.lang.Character.isUpperCase;
import static java.lang.Character.isDigit;
import static java.lang.Character.digit;
import static java.lang.System.err;

class LexicalAnalyzer {
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private FileScanner sourceCode; /* TR E 2D 7 7 A WITHT D AF v T */

LexicalAnalyzer(String fileName){
/* FileName L WO LRID T 7 A NDTedOD T 7 A WV AF v F &AL,
sourceCodelZ XV 2T 5% */

sourceCode = new FileScanner(fileName);

/** h—27 L 0E L */
Token nextToken(){
/* F—27 NI T, TokenZ T ADA v AR AR L, RVEETS
F—2 U R ol b A Y v RsyntaxError Z FEOVH 3
String string = ";
Token token = new Token(Symbol.NULL);
char ch, nextCh;
do{
ch = sourceCode.nextChar();
Mwhile(ch == " " || ch == "¥t" || ch == "¥n");

/** A X NOFRREFRRET LT v T L */
do{

[/ 1/*] THEV, X/ TROLIXFHNEa X b eRip L, TOXFHNEHARITT,

if(ch == "/" && sourceCode.lookAhead() == "*"){
ch = sourceCode.nextChar();
do{
ch = sourceCode.nextChar();
Iwhile(Y(ch == "*" && sourceCode.lookAhead() == "/%));
ch = sourceCode.nextChar();
do{
ch = sourceCode.nextChar();
Jwhile(ch == * * || ch == "¥t" || ch == "¥n%);
}
/1 /7] THELXFHNEa A MeBile L, EOLFINEFGHRILT,
else if(ch == "/ && sourceCode.lookAhead() == "/"){
int line = sourceCode.currentLineNumber();
ch = sourceCode.nextChar();
do{
ch = sourceCode.nextChar();

Iwhile(line == sourceCode.currentLineNumber());
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ch = sourceCode.nextChar();
do{
ch = sourceCode.nextChar();
Iwhile(ch == * " ]| ch == "¥t" || ch == "¥n");
}
Mwhile((ch == "/" && sourceCode.lookAhead() == "*") ||
(ch == */" && sourceCode.lookAhead() == */%));

if(ch == "¥0"){
token = new Token(Symbol.EOF);
}else if(ch == "0%)
token = new Token(Symbol.INTEGER, 0);
else if(isDigit(ch)){
int val = digit(ch, 10);
while(isDigit(sourceCode. lookAhead())){
ch = this.sourceCode.nextChar();
val = val*10 + digit(ch, 10);
}
token = new Token(Symbol.INTEGER, val);
}else if(isLowerCase(ch) || isUpperCase(ch)]|] ch == " _"){
string += ch;
nextCh = sourceCode. lookAhead();
while(isLowerCase(nextCh) || isUpperCase(nextCh) ||
isDigit(nextCh) [l nextCh == "_"){
ch = sourceCode.nextChar();
string += ch;
nextCh = sourceCode. lookAhead();
}
if(string.equals('main'™))
token = new Token(Symbol.MAIN);
else if(string.equals(if'))
token = new Token(Symbol.I1F);
else if(string.endsWith(else™))
token = new Token(Symbol.ELSE);
else if(string.equals('while'™))
token = new Token(Symbol .WHILE);
else if(string.equals('readint'™))
token = new Token(Symbol .READINT);

else if(string.equals('readchar™))
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token = new Token(Symbol .READCHAR) ;
else if(string.equals('writeint™))

token = new Token(Symbol .WRITEINT);
else if(string.equals("writechar'™))

token = new Token(Symbol .WRITECHAR) ;
else if(string.equals(int™))

token = new Token(Symbol.INT);
else if(string.equals('parallel™))

token = new Token(Symbol.PARA);

else
token = new Token(Symbol .NAME,string);
Yelse{
switch(ch){
case "=":
if(sourceCode.lookAhead() == "="){
ch = this.sourceCode.nextChar();
token = new Token(Symbol .EQUAL);
}else
token = new Token(Symbol _.ASSIGN);
break;
case "I":
if(sourceCode.lookAhead() == "="){
ch = this.sourceCode.nextChar();
token = new Token(Symbol _.NOTEQ);
}else
token = new Token(Symbol .NOT);
break;
case "<":
if(sourceCode.lookAhead() == "="){
ch = this.sourceCode.nextChar();
token = new Token(Symbol .LESSEQ);
}else
token = new Token(Symbol .LESS);
break;
case ">":

if(sourceCode.lookAhead() == "="){
ch = this.sourceCode.nextChar();
token = new Token(Symbol .GREATEQ);

}else
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token = new Token(Symbol .GREAT);
break;
case "&":
if(sourceCode.lookAhead() == "&"){
ch = this.sourceCode.nextChar();
token = new Token(Symbol .AND);
}
break;
case "|":
if(sourceCode.lookAhead() == "|"){
ch = this.sourceCode.nextChar();
token = new Token(Symbol .OR);
}
break;
case "+":
if(sourceCode.lookAhead() == "="){
ch = this.sourceCode.nextChar();
token = new Token(Symbol .ASSIGNADD);

Yelse{
iT (sourceCode.lookAhead() == "+"){
ch = this.sourceCode.nextChar();
token = new Token(Symbol.INC);
}else
token = new Token(Symbol .ADD);
}
break;
case "-":
if(sourceCode.lookAhead() == "="){
ch = this.sourceCode.nextChar();
token = new Token(Symbol .ASSIGNSUB);
}else if(sourceCode.lookAhead() == "-"){
ch = this.sourceCode.nextChar();
token = new Token(Symbol .DEC);
}else
token = new Token(Symbol .SUB);
break;
case "*":

if(sourceCode. lookAhead() == "="){

ch = this.sourceCode.nextChar();

22



new Token(Symbol .ASSIGNMUL) ;

token
}else
new Token(Symbol _.MUL);

token
break;
case "/":
if(sourceCode.lookAhead() == "="){
ch = this.sourceCode.nextChar();
token = new Token(Symbol .ASSIGNDIV);
}else
token = new Token(Symbol.DIV);
break;
case "%":
if(sourceCode.lookAhead() == "="){
ch = this.sourceCode.nextChar();
token = new Token(Symbol .ASSIGNMOD);

}else
token = new Token(Symbol .MOD);

break;

case ";":
token = new Token(Symbol .SEMICOLON);
break;

case "(":
token = new Token(Symbol .LPAREN) ;
break;

case ")":
token = new Token(Symbol .RPAREN) ;
break;

case "{":
token = new Token(Symbol .LBRACE);
break;

case "}":
token = new Token(Symbol .RBRACE);
break;

case "[":
token = new Token(Symbol .LBRACKET);
break;

case "]":
token = new Token(Symbol .RBRACKET) ;
break;
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case ",":
token = new Token(Symbol .COMMA) ;
break;
case "¥"":
ch = this.sourceCode.nextChar();
if(ch 1= "¥"" && sourceCode.lookAhead() == "¥""){
sourceCode.nextChar();

token = new Token(Symbol .CHARACTER, ch);

}
break;
case "$":

if(sourceCode.lookAhead() == "p"){
ch = this.sourceCode.nextChar();
token = new Token(Symbol .PROCESSOR);

}

break;

default:
syntaxError();

token = new Token(Symbol _.NULL);

break;
}
}
return token;
}

/** BUEGHATHND 7 74 L% L% (sourceCode®dcloseFilellZEiE) */
void closeFile(){

sourceCode.closeFile();

void syntaxError(){
/* ELT—=THHZ L. BIOTHPMIATH TRAE LIEONZIERERDIZHTKTR */
err.printIn(’" 335k=7—7T7%, " + (sourceCode.currentLineNumber()+1)

+MTHT= I = AELEL™);
/* T —DRELTATONE L FER IR */
err.printin("" =7 —M»RELITONEEZFRLET, ¥n" +
sourceCode.currentLine());

/* 77 ANVEHAL D>/
closeFile();
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/* E&TTD */
System_exit(1l);

(4)  Operator.java
package pram;
enum Operator
{

NOP,

ASSGN,

ADD,

ADDLHS,

SUB,

SUBLHS,

MUL,

MULLHS,

Dlv,

DIVLHS,

MOD,

MODLHS,

CSIGN,

AND,

OR,

NOT,

COMP,

COPY,

PUSH,

PUSHI ,

REMOVE,

POP,

INC,

DEC,

SETFR,

INCFR,

DECFR,

JUMP,

BLT,

BLE,



BEQ,
BNE,
BGE,
BGT,
CALL,
RET,
HALT,
INPUT,
INPUTC,
OUTPUT,
OUTPUTC,
ERROR,
LOAD,
PARA,
SYNC,
PUSHP

(5) Pram.java

package pram;

import static java.lang.System.out;
import static java.lang.System.err;

import static pram.Symbol.*;

public class Pram {
private LexicalAnalyzer lexer; // “7Alfiilras
private Token token; // THIfifirasirbb B9 h—27 >

private VarTable variableTable; // Z%i#

private Pseudolseg iseqg; // 7t 7T a— Rk

private String name = :

private int cnt = 0;

static boolean inParallel;
static int paraCnt = 0O;

public Pram(String sourceFileName) {
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/* THIRNTER DA AR o R AR E lexer [ZX DB </
lexer = new LexicalAnalyzer(sourceFileName);

/* BEEDA AR AR L variableTablet (ZX 551 */
variableTable = new VarTable();

/* TRV TTa—REROA AKX ALK E iseg X DS */

iseg = new Pseudolseg();

public static void main(String[] args) {

Pram parser; // 15 Ciif s

if (args.length == 0) { // JAH T A2 DT = v 7
out.printIn(Usage: java pram.Pram file [objectfile]™);
System._exit(1l);

¥

parser = new Pram(args[0]); // 1 it 2aoApk

inParallel = false;

parser.parseProgram(); // H& LT

parser.closeFileQ); // NJj7 7 AND 71—

if (args.length == 1)
parser._dump2file(); // OpCode.asm ~{ti/)

else

parser .dump2file(args[1]); /7 {5 &7 7 A /L~H7)

// LexicalAnalyzer 7 7 A0 7 41—/ K lexer #fftH, h—2 DUV HLEITHI AV v R
private void next(){

token = lexer._nextToken();

/* symbol 7 ¢ — /L R3, BI¥cChHz o h—27 LAERIE —&TE0E ) I E

MR+ 572 ®D boolean BD X v K */
private boolean check(Symbol s){

return token.checkSymbol(s);
}
// check #Y > R&HWT <Statement> ® FIRST 6% F = v 7925 boolean 1A v
private boolean checkStatement(){

return check(PARA) 11
check(IF) 11 check(WHILE) || check(NAME) 11
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check(DEC) 11 check(INC) 11 check(INTEGER) |1

check(CHARACTER) ||  check(LPAREN) || check(READCHAR) |1
check(READINT) |1 check(SUB) 11 check(NOT) 11
check(WRITECHAR) ||  check(WRITEINT) || check(LBRACE) ||
check (SEMICOLON) ;

// check AY v R&EHWT <Expression> @ FIRST #4%F = v 735 boolean #! XY v K
private boolean checkExpression(){

return check(NAME) 11 check(DEC) 11 check(INC) 11
check(INTEGER) |1 check(CHARACTER) | | check(LPAREN) |1
check(READCHAR) |1 check(READINT) |1 check(SUB) 11
check(NOT) ;

/* check A > R&EHWT symbol 7 ¢ —/L KR

=" e ] e ] == ] /= ] =) NE S E T v v/ T Hbooleani A Y R Ox/
private boolean checkAssign(){
return check(ASSIGN) Il check(ASSIGNADD) || check(ASSIGNSUB)|I
check(ASSIGNMUL) || check(ASSIGNDIV) || check(ASSIGNMOD);

/* check AV v R&MHWT symbol 7 ¢ —/L )

o=t ] ST UM ] =T ST ] > 9 R T = v /T hbooleani X Y N xS/
private boolean checkEqual(){
return check(EQUAL) || check(NOTEQ) |1 check(LESS) 11
check(LESSEQ) |1 check(GREAT) |1 check(GREATEQ) ;

// check* Y v F& T <Unsigned_factor> ® FIRSTHEA%ZF = v 7+ Sboolean £ v v K
private boolean checkUnsigned factor(){
return check(PROCESSOR) || check(NAME) || check(DEC) || check(INC) ||
check (INTEGER) |l check(CHARACTER) || check(LPAREN) |]
check(READCHAR) || check(READINT);
}
/* parseProgram LLF, &3t A (x5 parseA 2V v K */
private void parseProgram() {
/* parseProgram OULEEDOFLA */

parseMain_function();
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iseg.appendCode(Operator _HALT);

private void parseMain_function() {
next();
it (check(MAIN)) next(Q);
else syntaxError("main');
it (check(LPAREN)) next(Q);
else syntaxError(""("");
it (check(RPAREN)) next(Q);
else syntaxError(")'™);

parseBlock();

private void parseBlock() {
iT (check(LBRACE)) next();
else syntaxError("'{'");
while (check(INT)) parseVar_decl();
while (checkStatement()) parseStatement();
it (check(RBRACE)) next();

else syntaxError("'}");

private void parseVar_decl() {
if (check(INT)) {
next();
it (check(NAME)) {
if (variableTable.exist(name = token.getName()) == true)
syntaxError ("'"NAME™) ;
else {
next();
parseType();
}
} else syntaxError("'NAME™);
while (check(COMMA)) {
next();
it (check(NAME)) {
it (variableTable._exist

(name = token.getName()) == true)
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syntaxError("Eu Y H L7439 Tl
EHERIBEINTWVET);
else {
next();
parseType();
}
} else syntaxError(*'NAME™);

}
if (check(SEMICOLON)) next();

else syntaxError(';");

¥
/* B HENT-L BN A D T =B EINVER I IRET DL TEDOEROR ZTE L
BB 72 & F DY A Xk, addElement ZHAWTEMFIZBREETHA Y v R */

private void parseType(){
int size=0, i=0, j=1;
it (check(ASSIGN)) {
token = lexer._nextToken();
switch (token.getSymbol()) {
case SUB:
it (check(suB)) {
J = -3; /7 R
next();
} else syntaxError(''-");
case INTEGER:
while(token.getValue()
== 0 && token.getSymbol() == INTEGER) next();

i f(check(INTEGER)){
i = token_.getValue();
next();

}

else i = 0;

break;
}
variableTable.addElement(Type.INT, name, 1);
iseg.appendCode(Operator .PUSHI, variableTable.getAddress(name));
iseg.appendCode(Operator.PUSHI, 1 * j);
iseg.appendCode(Operator .ASSGN) ;
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iseg.appendCode(Operator .REMOVE) ;
} else if (check(LBRACKET)) {

next();
i f(check(INTEGER)){
while(token.getValue() == 0 && check(INTEGER)) next();
i f(check (INTEGER)){
size = token.getValue();
next();
}

else size = 0;
}
else syntaxError('EAIDITDKE™);
if(check(RBRACKET)) next();
else syntaxError("']"™);
variableTable.addElement(Type-ARRAYOFINT, name, size);
} else variableTable.addElement(Type.INT, name, 1);

private void parseStatement(){
switch(token.getSymbol (O)){

case PARA : parseParallel_statement(); break;
case IF : parself_statement(); break;
case WHILE : parseWhile_statement(); break;
case NAME . parseExp_statement(); break;
case DEC . parseExp_statement(); break;
case INC . parseExp_statement(); break;
case INTEGER . parseExp_statement(); break;
case CHARACTER . parseExp_statement(); break;
case LPAREN . parseExp_statement(); break;
case READCHAR . parseExp_statement(); break;
case READINT . parseExp_statement(); break;
case SUB . parseExp_statement(); break;
case NOT : parseExp_statement(); break;
case WRITECHAR : parseWritechar_statement(); break;
case WRITEINT : parseWriteint_statement(); break;

case LBRACE :
if(check(LBRACE)) next();
else syntaxError("'{'");
while(checkStatement()) parseStatement();
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if(check(RBRACE)) next();
else syntaxError("'}'");
break;

case SEMICOLON
iT(check(SEMICOLON)) next();
else syntaxError('';');

break;

private void parseParallel_statement() {
paraCnt++;
if(paraCnt>2 && inParallel) syntaxError(*'Not Ready Parallel™);
inParallel = true;
if(check(PARA)) next();
else syntaxError(“'parallel™);
if(check(LPAREN)) next();
else syntaxError(""("");
if(checkExpression()) parsekxpression();
else syntaxError('parallel SLOEMHORNKIE™);
if(check(COMMA)) next();
else syntaxError(","™);
if(checkExpression()) parsekxpression();
else syntaxError('parallel SLOEMHOXNKIE™);
if(check(RPAREN)) next();
else syntaxError(')'™);
iseg.appendCode(Operator .PARA);
parseStatement();
iseg.appendCode(Operator.SYNC);

inParallel = false;

private void parself_statement() {
int adl = 0, ad2 = O;
if(check(1F)) next(Q);
else syntaxError("if'");
iT (check(LPAREN)) next(Q);
else syntaxError(""("");

if(checkExpression()) parsekxpression();
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else syntaxError(CifXOSMEEOXNKRIE);
it (check(RPAREN)) next(Q);
else syntaxError(")'™);
adl = iseg.appendCode(Operator .BEQ);
ifT (checkStatement()) {
parseStatement();
ad2 = iseg.appendCode(Operator .JUMP);
iseg.replaceCode(adl, iseg.plsegPtr);
if(check(ELSE)){
next();
if(checkStatement()){
parseStatement();
iseg.replaceCode(ad2, iseg.plsegPtr);
}

else syntaxError(*'else X3 ZIlH

t

]

=

S XEHFF>THVEREA™);
}

} else syntaxError (i fXEITHE L aFfo TWEEA™);

private void parseWhile_statement() {
int adl = 0, ad2 = O;
it (check(WHILE)) next(Q);
else syntaxError('while');
if (check(LPAREN)) next(Q);
else syntaxError(""("");
adl = iseg.plsegPtr;
iT (checkExpression()) parseExpression();
else syntaxError("'while X OO KIE™) ;
it (check(RPAREN)) next();
else syntaxError(')'™);
ad2 = iseg.appendCode(Operator .BEQ);
parseStatement();
iseg.appendCode(Operator .JUMP, adl);
iseg.-replaceCode(ad2, iseg.plsegPtr);

}

private void parseExp_statement() {
parseExpression();
it (check(SEMICOLON)) next(Q);

else syntaxError(';");
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iseg.appendCode(Operator .REMOVE) ;

private void parseWritechar_statement() {
it (check(WRITECHAR)) next(Q);
else syntaxError('writechar'™);
iT (check(LPAREN)) next(Q);
else syntaxError(""("");
parseExpression();
iseg.appendCode(Operator .OUTPUTC) ;
it (check(RPAREN)) next();
else syntaxError(')'™);
it (check(SEMICOLON)) next(Q);

else syntaxError(';");

private void parseWriteint_statement() {
it (check(WRITEINT)) next(Q);
else syntaxError('writeint');
ifT (check(LPAREN)) next(Q);
else syntaxError(""("");
parseExpression();
iseg.appendCode(Operator.OUTPUT) ;
it (check(RPAREN)) next();
else syntaxError(')'™);
it (check(SEMICOLON)) next(Q);

else syntaxError(';");

private void parsekxpression() {
Operator op = Operator.NOP;
parseExp();
if (checkAssign(Q)) {
switch (token.getSymbol()) {
case ASSIGN:
op = Operator._NOP;
it (check(ASSIGN)) next(Q);
else syntaxError("'="");

break;
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case ASSIGNADD:
op = Operator.ADD;
it (check(ASSIGNADD)) next(Q);
else syntaxError("'+="");
break;

case ASSIGNSUB:
op = Operator.SUB;
it (check(ASSIGNSUB)) next(Q);
else syntaxError("'-="");
break;

case ASSIGNMUL:
op = Operator._MUL;
it (check(ASSIGNMUL)) next(Q);
else syntaxError("'*="");
break;

case ASSIGNDIV:
op = Operator.DIV;
it (check(ASSIGNDIV)) next(Q);
else syntaxError("'/="");
break;

case ASSIGNMOD:
op = Operator._MOD;
ifT (check(ASSIGNMOD)) next(Q);
else syntaxError("%="");

break;

it (op !'= Operator.NOP) {
iseg.-appendCode(Operator .COPY);
iseg.appendCode(Operator .LOAD);

}

parseExpression();

it (op !'= Operator.NOP) iseg.appendCode(op);

iseg.appendCode(Operator .ASSGN) ;

private void parseExp() {
parseLogical_term();
while (check(OR)) {
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it (check(OR)) next();
else syntaxError('||'™);
parseLogical_term();

iseg.appendCode(Operator.OR);

private void parselLogical_term(Q) {
parselLogical_factor();
while (check(AND)) {
it (check(AND)) next();
else syntaxError("'&&');
parselLogical_factor();
iseg.appendCode(Operator .AND) ;

private void parselLogical_ factor() {
Operator op = Operator.NOP;
parseArithmetic_expression();
if (checkEqual()) {
switch (token.getSymbol()) {
case EQUAL:
op = Operator.BEQ;
if (check(EQUAL)) next();
else syntaxError("'=="");
break;
case NOTEQ:
op = Operator.BNE;
ifT (check(NOTEQ)) next();
else syntaxError("'!1="");
break;
case LESS:
op = Operator.BLT;
if (check(LESS)) next(Q);
else syntaxError(''<');
break;
case LESSEQ:
op = Operator.BLE;
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iT (check(LESSEQ)) next();
else syntaxError(''<="");
break;
case GREAT:
op = Operator.BGT;
iT (check(GREAT)) next();
else syntaxError(''>");
break;
case GREATEQ:
op = Operator.BGE;
ifT (check(GREATEQ)) next();
else syntaxError("'>="");
break;
}
parseArithmetic_expression();
iseg.-appendCode(Operator .COMP) ;
int adl = iseg.appendCode(op);
iseg.appendCode(Operator.PUSHI, 0);
int ad2 = iseg.appendCode(Operator.JUMP);
iseg.replaceCode(adl, iseg-plsegPtr);
iseg.appendCode(Operator .PUSHI, 1);
iseg.replaceCode(ad2, iseg-plsegPtr);

private void parseArithmetic_expression() {
Operator op = Operator.NOP;
parseArithmetic_term();
while (check(ADD) || check(SuUB)) {
switch (token.getSymbol()) {
case ADD:
op = Operator.ADD;
ifT (check(ADD)) next();
else syntaxError("'+");
break;
case SUB:
op = Operator.SUB;
it (check(SUB)) next();

else syntaxError("'-"");
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break;
}
parseArithmetic_term();

iseg.appendCode(op);
if (checkAssign()) syntaxError("/iSiZ3H 0 £9);

private void parseArithmetic_term(Q) {
Operator op = Operator_.NOP;
parseArithmetic_factor();
while (check(MUL) || check(DIV) || check(MOD)) {
switch (token.getSymbol()) {
case MUL:
op = Operator._MUL;
it (check(MUL)) next(Q);
else syntaxError("'*");
break;
case DIV:
op = Operator.DIV;
it (check(D1V)) next(Q);
else syntaxError("'/™);
break;
case MOD:
op = Operator_MOD;
it (check(MOD)) next();
else syntaxError("'%'");

break;
}
parseArithmetic_factor();

iseg.appendCode(op) ;
if (checkAssign()) syntaxError("/ZEiIZHANHY £79);

private void parseArithmetic_factor() {
if (checkUnsigned_factor()) {
parseUnsigned_factor();
} else if (check(SuUB)) {
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it (check(SUB)) next();

else syntaxError(''-"");

parseArithmetic_factor();

iseg.appendCode(Operator.CSIGN);
} else if (check(NOT)) {

it (check(NOT)) next(Q);

else syntaxError("'!');

parseArithmetic_factor();

iseg.appendCode(Operator _NOT) ;

private void parseUnsigned factor() {
Operator op = Operator.NOP;
if (check(PROCESSOR)){
iseg.appendCode(Operator .PUSHP) ;
next();
Yelse if (check(NAME)) {
name = token.getName();
if (lvariableTable.exist(name)) syntaxError(""ZHN{F/EL £HA™);
next();
if (check(LBRACKET)) {
if (lvariableTable.checkType(name, Type.ARRAYOFINT)) {
syntaxError(name + "IZESIAEKTIEH Y FHAT);
}
iseg.appendCode(Operator .PUSHI,
variableTable.getAddress(name));
ifT (check(LBRACKET)) next();
else syntaxError("'['");
iT (checkExpression()) parseExpression();
else syntaxError(C'EAIDITDKE™);
it (check(RBRACKET)) next();
else syntaxError("']™);
iseg.appendCode(Operator .ADD) ;
if (IcheckAssign()) iseg.appendCode(Operator.LOAD);
} else if (check(DEC) || check(INC)) {
if (MvariableTable.checkType(name, Type.INT))
syntaxError(name + "|IA N T —EHTIEH Y FHEALM);
switch (token.getSymbol()) {
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case DEC:
op = Operator.DEC;
ifT (check(DEC)) next();
else syntaxError(*'--"");
break;

case INC:
op = Operator.INC;
it (check(INC)) next();
else syntaxError(*'++");

break;

seg.appendCode(Operator .PUSH,
variableTable_getAddress(name));
iseg.-appendCode(Operator .COPY);
iseg.-appendCode(op);
iseg.appendCode(Operator .POP,
variableTable_getAddress(name));
} else {
it (lvariableTable.checkType(name, Type.INT))
syntaxError(name + "[IA L T —EHTIIHY THEAL);
it (checkAssign()) {
iseg.appendCode(Operator .PUSHI,
variableTable_getAddress(name));
} else iseg.appendCode(Operator.PUSH,
variableTable_getAddress(name));
}
} else if (check(DEC) || check(INC)) {
switch (token.getSymbol()) {
case DEC:
op = Operator.DEC;
if (check(DEC)) next();
else syntaxError("'--"");
break;
case INC:
op = Operator.INC;
it (check(INC)) next();
else syntaxError("'++'");

break;
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it (check(NAME)) {
name = token.getName();
if (lvariableTable.exist(name))
syntaxError (" AP EL EEA™);
next();
} else syntaxError("'NAME™);
iseg.appendCode(Operator .PUSH, variableTable.getAddress(name));
iseg.-appendCode(op);
iseg.-appendCode(Operator .COPY);
iseg.appendCode(Operator .POP, variableTable.getAddress(name));
} else if (check(INTEGER)) {

int i;
while(token.getValue() == 0 && check(INTEGER)) next();
i f(check (INTEGER)){
i = token.getValue();
next();
}

else i = 0;
iseg.appendCode(Operator .PUSHI, i);
if (checkAssign()) syntaxError("HEEIRAL LS ELTHET™);
} else if (check(CHARACTER)) {
iseg.appendCode(Operator.PUSHI, token.getValue());
ifT (check(CHARACTER)) next(Q);
else syntaxError("'CHARACTER™);
} else if (token.checkSymbol (Symbol.LPAREN)) {
ifT (check(LPAREN)) next(Q);
else syntaxError(""("");
if (checkExpression()) {
parseExpression();
} else syntaxError("RIE/FHHEATT™);
it (check(RPAREN)) next();
else syntaxError(')'™);
} else if (check(READCHAR)) {
iseg.appendCode(Operator. INPUTC);
if (check(READCHAR)) next();
else syntaxError(''readchar'™);
} else if (check(READINT)) {
iseg.appendCode(Operator. INPUT);
it (check(READINT)) next();

41



else syntaxError(‘'readint');

if (checkAssign()) syntaxError(" FHIEEICIRAL LS & LTET);

/** BHERATHND 7 7 ANV E LTS (lexer @ closeFile (&%) */
private void closeFile() {

lexer._closeFile();

/** OpCode.asm ~ iseg ODHNAEZHI1T% (iseg ® dump2file [Z&EFE) */
private void dump2file() {
iseg.dump2file();

/** FRESNTZT7 74~ iseg ONEXZMT1T 5 (iseg @ dump2file (ZZ5E) */
private void dump2file(String fileName) {
iseg.dump2file(fileName);

/** LETT—HT) */

private void syntaxError(String s) {
cnt++;
err.printIn(Error ™ + cnt + " - " + S);
this.lexer.syntaxError();

out.printin(Q);

(6) Pseudolseg.java
package pram;

import java.io.*; //7 7 A/NAHIIH
import java.util.*; //ArrayListH]

class Pseudolseg

{
ArraylList<Instruction> plseg; //# AL
int plsegPtr; //a kw4
Pseudolseg()
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plseg = new ArrayList<Instruction>(); // & ANKA1ERL
plsegPtr = 0; Vo4 RV A=Y

/* —ODMBEES T, RIKEMT DAY v R Lo LEBRICIE
ZOdHETEXKT D appendCode <X° appendCode o DAFIHIND */

int setl(Operator opcode, int flag, int addr)

{
/* F L —% opcode, 7 KL xf&ffi+ flag, 427> K addr
Mo ElED,
Instruction inst = new Instruction(opcode,flag,addr);
I/EoT-mtaRITBEM L, W ZEL TV AV N5,
plseg.add(inst);
plsegPtr++;
/Y, BN L 7= DOFRNTONE,
return plsegPtr-1;
}

[/TXT ReVBET LA —2E2BNT56AY v R,
int appendCode(Operator opcode, int addr)
{

return setl(opcode, 0, addr);

[/FHRT 2 RELEE LN ARL—Z 52BN+ 5 4 v R,
int appendCode(Operator opcode)

{
return setl(opcode, 0, 0);

}
I/ENOETOMBTERRITHAY v R,
void dump(Q)

{
for (int i = 0; i < plsegPtr; i++) {
System.out.print(i + ": ");
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System.out.printin(plseg.get(i).printinstruction());

/* FERNOETOMGET 7 A VAT 22 Y v R, 5187 LTI HE .
7 7 A4 V4L "OpCode.asm™ (2725, */
void dump2file()

{
PrintWriter outputFile = null;
try {
outputFile = new PrintWriter(
new BufferedWriter(
new FileWriter('OpCode.asm')));
for (int i = 0; 1 < plsegPtr; i++)
outputFile._printin(
(plseg-get(i)).printinstruction());
} catch(10Exception exception) {
System.out.println(exception);
} finally {
outputFile.close();
System._exit(1l);
}
}

/* ERNOETOMGET 7 A VIHNT LAY v R, 518®H Y THINSGE.
T ANKIT OS5I T D, </
void dump2file(String outputFileName)
{

(B

PrintWriter outputFile = null;
try {
outputFile = new PrintWriter(
new BufferedWriter(
new FileWriter(outputFileName)));
for (int i = 0; 1 < plsegPtr; i++)
outputFile._printin(
(plseg-get(i)).printinstruction());
} catch(10Exception exception) {

System.out._println(exception);
} finally {
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outputFile.close();
System._exit(1);

// ptr ZHOGED AL —% % op ICEHETLHAY v K

void replaceCode(int ptr, Operator op)

{
int oldReg = (plseg.get(ptr)).reg;
int oldAddr = (plseg.get(ptr)).addr;
Instruction inst = new Instruction(op, oldReg, oldAddr);
plseg.-remove(ptr);
plseg.add(ptr,inst);
}

// ptr ZHOMGO X728 % addrs [ZEETHA Y v R

void replaceCode(int ptr, int addrs)

{
int oldReg = plseg.get(ptr).reg;
String oldOp = plseg.-get(ptr).op;
Instruction inst = new Instruction(oldOp, oldReg, addrs);
plseg.-remove(ptr);
plseg.add(ptr, inst);
}

(7) Symbol.java
package pram;

enum Symbol

{
NULL,
MAIN, /* main */
IF, /* if */
ELSE, /* else */
WHILE, /* while */
READINT, /* readint */
READCHAR, /* readchar */
WRITEINT, /* writeint */
WRITECHAR, /* writechar */
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INT, /* int */

EQUAL, /*,= >/
NOTEQ, /* 1= */
LESS, /* < */
GREAT, /* > */
LESSEQ, /* <= */
GREATEQ, /* >= */
AND, /* && */
OR, /> |1 */
NOT, /* 1 >/
ADD, /* + */
SUB, /* - */
MUL, /* * >/
D1V, /> 7/ */
MOD, /* % */
ASSIGN, />, */
ASSIGNADD, /* += */
ASSIGNSUB, /* -=*/
ASSIGNMUL, /* *=*/
ASSIGNDIV, /* /= */
ASSIGNMOD, /* %= */
INC, /* ++ */
DEC, /* —= >/
SEMICOLON, /* 5 */
LPAREN, /> (*/
RPAREN, /* ) */
LBRACE, /> L */
RBRACE, /* 3} */
LBRACKET, /* [ */
RBRACKET, /7 */
COMMA, />, */
INTEGER, /> B */
CHARACTER, /> F </
NAME, /* B xS
EOF, /* end of file */
PARA, /* parallel */

PROCESSOR /* $p */



(8) Token.java
package pram;
public class Token {
private Symbol symbol;
int value;

String name;

public Token(Symbol symbol){
this.symbol = symbol;

public Token(Symbol symbol, int value){
this.symbol = symbol;

this.value = value;

public Token(Symbol symbol, String name){
this.symbol = symbol;

this.name = name;

boolean checkSymbol (Symbol symbol){
if(this.symbol == symbol)
return true;

else return false;

public Symbol getSymbol(){

return symbol;

public int getValue(Q{

return value;

public String getName(){

return namej;
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(9) Typejava
package pram;
enum Type
{

INT,

ARRAYOFINT,

NULL

}

(10) Varjava

package pram;

public class Var {
private Type type;
private String name;
private int address;

private int size;

Var(Type type, String name, int address, int size){

type;
name ;

this.type

this.name
this.address = address;

this.size = size;

public Type getType({
return type;

public String getName(){

return namej;

public int getAddress(){

return address;

public int getSize(Q{

return size;
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(1 1) VarTable.java
package pram;
import java.util_ArraylList;
public class VarTable {
/* T 4=V RDER */
ArrayList<Var> varList;

int nextAddress;

VarTable(){
/* AARNT 7 ZONE AT L */
varList = new ArrayList<Var>();

nextAddress = 0;

/%% R LWERBE BT D200DA Y v K >/
boolean addElement(Type type, String name, int size){
/* LAIOEETF = v 7 (MFOEELS false Zikd) */
if(exist(name)){
return false;
Yelse{
/> HIEHR type. B4 name &ALV A X size L FET-72 Var @
A VAB U AENEY . FivEx ArraylList varList (EOARKR)IZEMNT S */
varList.add(new Var(type, name, nextAddress, size));
/* nextAddress BN L7 DH A X572 #HR0T
DESBIMTEZSL true kT */
nextAddress += size;

return true;

}

/7% BECEBERICBER SNV TV OERS N E O NEFRDAY v K */
boolean exist(String name){
/* BERAPOHRE L, name &9 BELBBEICERIFET T true,
fEfE L7z iUt false Zid */
for(Var n : varList){
if(n.getName() .equals(name)){

return true;
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return false;

1% BEERNPOEBOT RVAE/GDHAY v R */
int getAddress(String name){

/* ¥4 name OFEF(Var.class OA VAKX LAY ERPHEEL,
FOEFZD address 7 4 —/L ROE A KT
RIZZOERDPFELRWEAIE -1 KT */

for(Var n : varList){

if(n.getName() .equals(name)){
return n.getAddress();

}

return -1;

1** BEEERNOEROBEHRDLAY v K */
Type getType(String name){
/* B4 name DEREZRNPOIREL, TOEFZD type 74— /L NOEAIKT
RNZZE DELBDAFAE L7 WIGEIL Type .NULL Zi§ */
for(Var n : varList){
if(n.getName() .equals(name)){
return n.getType(Q);

}
return Type.NULL;

/%% ERHOMERRT DAY v K */
boolean checkType(String name, Type varType){
/* EHA name OEFED type 7 4 —/L RS varType & —HT 5189 hEai~
T true, —E L2 false k3 */
for(Var n : varList){
if(n.getName() .equals(name) && n.getType().-equals(varType)){

return true;

}

return false;
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1** BNOEBRDOY A XEH[GHAY v K */
int getSize(String name){
/* R4 name OERERNLEL, TOERD size 7 4 — /b ROMEEIET
RICZDOEHDPTFE LR WEAIE -1 &K */
for(Var n : varList){
if(n.getName() .equals(name)){

return n.getSize();

return -1;

public static void main(String[] args) {

/* ERRIZHD1mY EELRIR T D */

VarTable varTable = new VarTable();

String [] addName ={"A","B","C","D","E"};

for(String an: addName){
varTable_addElement(Type.INT, an ,1);
System.out.printIn("’'Address: " + varTable.getAddress(an)

+ " Type: ™ + varTable.getType(an)

+ " Size: " + varTable.getSize(an));
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5. PVSM A4 794270455 A
LLFICARBIZE G PVSM A v 2 7V 2705 hamd, i, AR CER L7227 T ATLLT
DOFERRIN S 72 D,

(1) DataSegment.java

(2) InputFile java

(3) Instraction.java

(4) InstractionSegment.java
(5) OpCode.java

(6) Operators.java

(7) PramMode.java

(8) Stack.java

(9) Type.java

(10) VirtualStackMachine.java
(11) VSM.java
(12) VSMLexer.java

(1) DataSegment.java
public class DataSegment implements PramMode, Type {
static final int DSEGSIZE = 1024;
Object[] dseg; // A€V
Object[] tempDseg; /7 EERIECA
boolean[] readCheck; // [AlfFiiAT = v 7

int[] writeCheck; // RBEEXF =7
int maxAddr; /7 FERT R L ADRKIE
int mode; // PRAM mode

int size; /7 AR

public DataSegment(int m) {
size = DSEGSIZE;
dseg = new Object[DSEGSIZE];
tempDseg = new Object|[DSEGSIZE];
readCheck = new boolean[DSEGSIZE];
writeCheck = new Int[DSEGSIZE];
maxAddr = -1;

mode = m;

for (int i=0; i<DSEGSIZE; i++) { 7/ 7— %Oy
dseg[i] = tempDseg[i] = null;
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/7 nul L CHIEIHL

/7 nul IXfEE Eintfiod: LT 9
readCheck[i] = false;
writeCheck[i] = O;

// VSM p 237 FL A addr @intilT —% % 5ite
// addr OF —ZNintHIEH TE e WGAIET T —
public int read (int addr, int p, int q) {

if (addr < 0 || addr >= size)

executeError ('lllegal dseg address : ' + addr, p, Q);
ifT (addr>maxAddr) maxAddr = addr;
if (mode == M_EREW && readCheck[addr]) /> ARG HROTF = v 7 >/

executeError ('Concurrent read at data segment ["
+ addr + "1, p, Q);
readCheck[addr] = true;
int val = 0;
Object data = dseg[addr];
if (data == null) return 0; // nul NZ{HH FREEMOE LT ;
int type = getType (addr);
switch (type) {
case T_INT:
val = ((Integer) data).intValue();

break;

case T_DOUBLE: /* doublefTinth L He */
val = ((Double) data).intvValue();
break;

case T_CHAR: /* charfZintB |2 & */

val = (int) ((Character) data).charValue();
break;

case T_BOOL: /* boolean !X intH |2 */
val = (((Boolean) data).booleanvalue()) ? 1 : O;

break;
case T_STRING: /* StringXintR I */
A /% BRTE R IUZE T — %/

val = Integer.parselnt ((String) data);
} catch (NumberFormatException error_report) {

executeError ('Data segment[' + addr
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// VSM p A7 KL A addr ®double®!s —#

+ "] is not integer value : type Mismatched™, p, q);
}
break;
default:
executeError ('Data segment[' + addr
+ "] 1s not integer value : type Mismatched", p, Q);
break;

}

return val;

aide

&
// addr OF —#ndouble IZ B TE RNV GAIT= T —
public double readDouble (int addr, int p, int q) {

if (addr < 0 || addr >= size)

executeError ('lllegal dseg address : ' + addr, p, Q);
ifT (addr>maxAddr) maxAddr = addr;
if (mode == M_EREW && readCheck[addr]) /> ARG HOTF = v 7 >/

executeError ('Concurrent read at data segment [
+ addr + "1, p, Q);

readCheck[addr] = true;
double doubleval = 0.0;
Object data = dseg[addr];
if (data == null) return 0.0; // nul lJ3{EE FEEEOE LT D ;
int type = getType (addr);
switch (type) {
case T_DOUBLE:

doubleVal = ((Double) data).doubleValue();
break;

case T_INT: /* intiliZdoublel! (2 */
doubleVal = ((Integer) data).doubleValue();
break;

case T_CHAR: /* char’|Zdouble |2 */
doubleVal = (double) ((Character) data).charValue();
break;

case T_BOOL: /* boolean’|Xdoublef!|ZZHa */
doubleVal = (((Boolean) data).booleanvValue()) ? 1.0 : 0.0;
break;

case T_STRING: /* String®!iZdouble 22 */
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try { /* B} CE 72T — */
doubleVal = Double.parseDouble ((String) data);
} catch (NumberFormatException error_report) {
executeError ('Data segment[™ + addr + "] data is not double
value : type Mismatched”, p, q);
}
break;
default:
executeError ('Data segment[' + addr
+ "] data is not double value : type Mismatched”, p, Q);
break;

}

return doubleVal;

// VSM p 237 KL A addr Ocharfls —# % jite
// addr OF —% PcharfiZEHCTE WG IT= T —
public char readChar (int addr, int p, int q) {
if (addr < 0 || addr >= size)

executeError ('lllegal dseg address : ' + addr, p, q);
ifT (addr>maxAddr) maxAddr = addr;
if (mode == M_EREW && readCheck[addr]) /> ARG HOF = v 7 >/

executeError ('Concurrent read at data segment ["
+ addr + "], p, Q);

readCheck[addr] = true;
char charval = "¥0";
Object data = dseg[addr];
if (data == null) return "¥0"; // nul lIZf#ET BEEAHOL LT ;
int type = getType (addr);
switch (type) {
case T_CHAR:

charvVal = ((Character) data).charValue();

break;

case T_INT: /* intIcharf |25 */
charvVal = (char) ((Integer) data).intValue();
break;

case T_DOUBLE: /* double”{Ichar® |2 */
charVal = (char) ((Double) data).doublevalue();
break;
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case T_BOOL: /* boolean®!Xcharf!|ZZ#: */

charvVal = (((Boolean) data).booleanValue()) ? "¥1* : "¥0%;

break;
case T_STRING: /* String3E X100 & X (Tcharfl|Z 25 */
String str = (String) data; /* TSNS — */

if (str.length() == 1)
charvVal = str._charAt(0);
else executeError (‘'Data segment[' + addr
+ "] is not character : type Mismatched”, p, Q);
break;
default:
executeError (‘'Data segment [ + addr
+ "] is not character : type Mismatched”, p, Qq);
break;

}

return charval;

// VSM p 287 KL A addr ®boolean® 5 — % % #ite
public boolean readBool (int addr, int p, int q) {
if (addr < 0 || addr >= size)

executeError ('lllegal dseg address : ' + addr, p, q);
ifT (addr>maxAddr) maxAddr = addr;
if (mode == M_EREW && readCheck[addr]) /* [RGB OTF = v 7 >/

executeError ('Concurrent read at data segment ["
+ addr + "1, p, 9);
readCheck[addr]

boolean boolVval

true;

false;

Object data = dseg[addr];

if (data == null) return false; // nul lJE{E T FEEEOE LT O ;
int type = getType (addr);

switch (type) {

case T_BOOL:
boolVal = ((Boolean) data).booleanvValue();
break;
case T_INT: /* intl307: & (X false, LS dtruez x4 */
boolVal = ((Integer) data).intValue() != 0;
break;
case T_DOUBLE: /* double’#!}30.07 & X False, Z LM ItrueZ K4 */
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boolVal = ((Double) data).doublevValue() !'= 0.0;

break;

case T_CHAR: /* charil|3"¥0" 7 53 false, Zillidhidtruezik+ */
boolVal = ((Character) data).charValue() = "¥0";
break;

case T_STRING: /> String I "true" /2 Hldtrue, Tl EFalsexikd */
boolVal = ((String) data).equalslgnoreCase ('true'™);
break;

default:

executeError ('Data segment[' + addr
+ "] is not boolean : type Mismatched”, p, q);
break;

}

return boolVval;

// VSM p 37 KL A addr OStrings — ¥ % 5ide
public String readString (int addr, int p, int q) {
if (addr < 0 || addr >= size)

executeError ('lllegal dseg address : ' + addr, p, Q);
ifT (addr>maxAddr) maxAddr = addr;
if (mode == M_EREW && readCheck[addr]) /* [RGB OTF = v 7 >/

executeError ('Concurrent read at data segment ["
+ addr + "], p, Q);

readCheck[addr] = true;
String str = "
Object data = dseg[addr];
if (data == null) return "0"; // nul lJ3{EE FEEEOE LT D ;
int type = getType (addr);
switch (type) {
case T_STRING:

str = (String) data;

break;

case T_INT: /* intIStringIc e */
str = ((Integer) data).toString();
break;

case T_DOUBLE: /* double®IString i EH# */

str = ((Double) data).toString();

break;
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case T_CHAR: /* char|IString® |2 ZH#a */
str = ((Character) data).toString();

break;

case T_BOOL: /* boolean™|IString® |22 */
str = ((Boolean) data).toString();
break;

default: /* Object™IString i ZH# >/

str = data.toString(Q);
break;

}

return str;

// VSM p A7 FL A addr ®OObject 5 — % & &ite
public Object readObject (int addr, int p, int q) {
if (addr < 0 || addr >= size)

executeError ('lllegal dseg address : ' + addr, p, Q);
ifT (addr>maxAddr) maxAddr = addr;
if (mode == M_EREW && readCheck[addr]) /* ARG HOTF = v 7 >/

executeError (‘'Concurrent read at data segment [ + addr + "], p, Q);
readCheck[addr] = true;
if (dseg[addr] == null) return new Integer (0);

else return dseg[addr];

// VSM p 237 RL A addr ([Zintfl7—% val %<
public void write (int addr, int val, int p, int q) {
if (addr < 0 || addr >= size)

executeError ('lllegal dseg address : ' + addr, p, qQ);
ifT (addr>maxAddr) maxAddr = addr;
writeCheck[addr]++;

it (writeCheck[addr]>1)
switch (mode) {
case M_EREW:
case M_CREW:
executeError ('Concurrent write at data segment [
+ addr + "1, p, Q);
return;

case M_COMMON_CWCW:
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/7 HERICRCWD G, T CICE N T — 2 & —HT 256 0AEZIAEND
// (Fl—DOF —# 72O THH TEZ AT M ETHEN)
if (tempDseg[addr].getClass() !'= Integer.class)
executeError ('Concurrent write at data segment [
+ addr + "1, p, Q);
else if (((Integer) tempDseg[addr]).intvalue() != val)
executeError ('Concurrent write at data segment [
+ addr + "1, p, Q);
return;
case M_ARBITRARY_CRCW:
// EETICRCWO LA, nfild DT — X TMEFRL/NTEIAEND
it ((Math.random () % writeCheck[addr]) < 1.0) break;
else return;
case M_PRIORITY_CRCW:
// EFARICRCWDOB A, T TICT — 2 NUERIEM.OmW7 et v 12k v)
1/ EDPNTVWLGEIET = 2 FHEZIAERW
return ;
}
tempDseg[addr] = new Integer (val); /* BT — 2 Ttmphldlic */

return;

// VSM p 7 KL A addr (Zdouble> —% doubleval % &<
public void write (int addr, double doubleval, int p, int q) {
if (addr < 0 || addr >= size)

executeError ('lllegal dseg address : ' + addr, p, Q);
it (addr>maxAddr) maxAddr = addr;
writeCheck[addr]++;

it (writeCheck[addr]>1)

switch (mode) {

case M_EREW:

case M_CREW:
executeError ('Concurrent write at data segment [

+ addr + "1, p, Q);

return;

case M_COMMON_CWCW:

/7 SHERICRCWD G, T CICE N T — 2 L —HT 256 0AEZIAEND
/! (Fl—DOF —# 72O THH TEZIATMETHEN)
if (tempDseg[addr].getClass() != Double.class)
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executeError ('Concurrent write at data segment [
+ addr + "1, p, Q);
else if (((Double) tempDseg[addr]).doublevalue()
1= doubleval)
executeError ('Concurrent write at data segment [
+ addr + "], p, Q);
return;
case M_ARBITRARY_CRCW:
// EETICRCWO LA, nfild DT — X TMEFRL/NTEIAEND
it ((Math.random () % writeCheck[addr]) < 1.0) break;
else return;
case M_PRIORITY_CRCW:

/7 BERBICRCWD A, T TIoT —# BUEELIEN.OE W7 rtE v Hickv)
iA

/! EPNTVLLRITT -2 2 EEZIAER
return ;
}
tempDseg[addr] = new Double (doubleval); /* BET — 2 Ttmphliic */
return;

// VSM p 237 RL A addr (Zcharfi!7—# charval %##<
public void write (int addr, char charVal, int p, int q) {
if (addr < 0 || addr >= size)

executeError ('lllegal dseg address : ' + addr, p, q);
if (addr>maxAddr) maxAddr = addr;
writeCheck[addr]++;

it (writeCheck[addr]>1)

switch (mode) {

case M_EREW:

case M_CREW:
executeError ('Concurrent write at data segment [

+ addr + "1, p, Q);

return;

case M_COMMON_CWCW:

// SHERICRCWD G, T CICE N T — 2 L —HT 256 0AEZIAEND
7/ ([F—DF—Z O THD TEZ AT LI T )
if (tempDseg[addr].getClass() !'= Character.class)

executeError ('Concurrent write at data segment [

+ addr + "], p, Q);
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else if (((Character) tempDseg[addr]).charValue()
1= charVval)
executeError ('Concurrent write at data segment [
+ addr + "1, p, Q);
return;
case M_ARBITRARY_CRCW:
// AEETICRCWO LA, nfild DT — X TMEFRL/NTEIAEND
it ((Math.random () % writeCheck[addr]) < 1.0) break;
else return;
case M_PRIORITY_CRCW:
// EFFRICRCWDB A, T TICT — 2 BNUERIEM.OmW T et w312k v)
1/ EDPNTVWLGEIET - 2 FHEZIAERW
return ;
}
tempDseg[addr] = new Character(charval); /* %7 — % [Ttmplidslic */

return;

// VSM p 37 KL A addr (Zboolean® !5 —% boolval % #<
public void write (int addr, boolean boolVval, int p, int q) {
if (addr < 0 || addr >= size)

executeError ('lllegal dseg address : ' + addr, p, Q);
if (addr>maxAddr) maxAddr = addr;
writeCheck[addr]++;

if (writeCheck[addr]>1)
switch (mode) {
case M_EREW:
case M_CREW:
executeError ('Concurrent write at data segment [
+ addr + "], p, Q);
return;
case M_COMMON_CWCW:
// HERICRCWD G, T CICE N T — X L —ET 256 0AEZIAEND
7/ ([F—DF— 27O THD TEZ AT LI T
if (tempDseg[addr].getClass() !'= Boolean.class)
executeError ('Concurrent write at data segment [
+ addr + "1, p, Q);
else if (((Boolean) tempDseg[addr])-booleanvValue()
1= boolVval)
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executeError ('Concurrent write at data segment [
+ addr + "1, p, Q);
return;
case M_ARBITRARY_CRCW:
// AEETICRCWO LA, nfild DT — X TMEFRL/NTEIAEND
it ((Math.random () % writeCheck[addr]) < 1.0) break;
else return;
case M_PRIORITY_CRCW:
// EFRICRCWDOB A, T TIZT — 2 NUERIEM.OmWT at 312k v)
1/ EDPNTVWLGEIET = 2 FHEZAERW
return ;
}
tempDseg[addr] = Boolean.valueOf(boolval); /* ®ii7 — 4 |Ttmphdslic */
return;

// VSM p 37 RL A addr ([ZStringfls—# str ##E<
public void write (int addr, String str, int p, int q) {
if (addr < 0 || addr >= size)

executeError ('lllegal dseg address : ' + addr, p, Q);
if (addr>maxAddr) maxAddr = addr;
writeCheck[addr]++;

it (writeCheck[addr]>1)
switch (mode) {
case M_EREW:
case M_CREW:
executeError ('Concurrent write at data segment [
+ addr + "1, p, Q);
return;
case M_COMMON_CWCW:
/7 SHERICRCWD G, T CICE N T — 2 & —HT 256 0AEZIAEND
7/ (F—DOF—Z O THD TEZ AT LI T
if (tempDseg[addr].getClass() != String.class)
executeError ('Concurrent write at data segment [
+ addr + "1, p, Q);
else if (1((String) tempDseg[addr]).-equals (str))
executeError ('Concurrent write at data segment [
+ addr + "1, p, Q);

return;

62



case M_ARBITRARY_CRCW:
// AEERICRCWOA . nflld DF — X IR/ TEZIAEND
it ((Math.random () % writeCheck[addr]) < 1.0) break;
else return;

case M_PRIORITY_CRCW:

/7 ERFICRCWDIGE, T TIZT —# NUERIBNOE W7 rE v izl v)
1/ EDPNTVWDLGEEIET — X 2 EBZIAE RV
return ;
¥
tempDseg[addr] = str; /* FHTT— 2 Xtmpld Az </
return;

// VSM p 37 RL A addr (Z0bject®lT—4 o %##<
public void write (int addr, Object o, int p, int q) {
if (addr < 0 || addr >= size)

executeError ('lllegal dseg address : ' + addr, p, Q);
if (addr>maxAddr) maxAddr = addr;
writeCheck[addr]++;

it (writeCheck[addr]>1)

switch (mode) {

case M_EREW:

case M_CREW:

case M_COMMON_CWCW:
executeError ('Concurrent write at data segment [

+ addr + "1, p, Q);

return;

case M_ARBITRARY_CRCW:
// AEERICRCWOBA . nflld DF — X 13RI/ TEZIAEND
it ((Math.random () % writeCheck[addr]) < 1.0) break;
else return;

case M_PRIORITY_CRCW:

/7 BHEFRICRCWO A, T CIoF — 2 NUEEIEM OEW T at vy Iz kD)
1/ EPNTVWDLGERIET — 2 2 EZIAERN
return ;
¥
tempDseg[addr] = o; /* T — X I Xtmphdsic */
return;
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1/ T—REHL, Ty 77 7T S
public void set() {
for(int i=0; i<=maxAddr; i++) {
dseg[i] = tempDseg[i]; /* tmplldOT — X & ae— */
readCheck[i] = false;
writeCheck[i] = O;
}

return;

// DsegDWNEZERKTTDH(T N7 H)
public void dump O {
if (maxAddr == -1)
System.out.printIn("Empty');
else {
for (int 1=0; i<=maxAddr; i++) {

Object data = dseg[i];

If (data == null)continue;//#Hl{k i Tu7e\\Dsegld# r L7e

if (i<10)
System.out.print (" " + 01 + "¥t');

else if (i<100)
System.out.print (" " + 1 + "¥t');

else System.out.print (i + "¥t');

if (data.getClass() == Integer.class)
System.out.printin (((Integer) data).intValue());

else if (data.getClass() == Double.class)
System.out.printin (((Double) data) .doublevalue());

else if (data.getClass() == Character.class)
System._out._println ('¥™"

+ ((Character) data).charValue() + "¥"'");

else if (data.getClass() == Boolean.class)

System.out._println
(((Boolean) data).booleanvalue());

else if (data.getClass() == String.class)

System.out.println (¥ + (String) data + "¥'"');

else System.out.printin ("'?");

64



// Dseg” KL RaddrOWNEZF7T H(T /37 H)
public void show (int addr) {
}

// 7 KL A addr OF —% D%l
public int getType (int addr) {
if (addr < 0 || addr >= size)
return T_ERROR;

else {
Object o = dseg[addr];
if (0o == null) return T_INT;
else if (o.getClass() == Integer.class) return T_INT;
else if (o.getClass() == Double.class) return T_DOUBLE;
else if (o.getClass() == Character.class) return T_CHAR;
else if (o.getClass() == Boolean.class) return T_BOOL;
else if (o.getClass() == String.class) return T_STRING;
else return T_ERROR;

}

void executeError (String err_mes, int p, int q) { /* Ei7h-7— */
+ p*10 + q);

System.out.println (“'Execute error at line "

System.out.println ('Processor "
+ VSM.vsm[p]llq]-pctr);
System.out.printin(err_mes);

VSM_iseg.print(VSM.vsm[p]lIq]-pctr);

System._out._printin();

System._exit(1l);

(2)

import ioTools.*;

InputFile.java

import java.io.*;

public class InputFile {

BufferedReader buffer;
String line;
int linenum;

int columnnum;

/* NJTTT7 7 ANVDRy T 57 *f
/* ANS17 7 A NDLUTH DSLFS| >/
/= AT 7 ANDITE S */

/* N7 7 A NDFNE T */
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char currentc; /* FARIANTELT <Y
char nextc; /* RITFHFIAT LT */

/* 2 AT 72T, inputFileName &9 7 7 A L& &
ZD7 7 ANES% buffer TZT 5. £72 linenum,
columnnum, currentc, nextc Z##ikd2 */
public InputFile(String inputFileName) {

buffer = Filelo.fRead(inputFileName);
linenum = O;
columnnum = O;
1IN 7 7 AN b— AT
readlnputFile();
1/ERD—LFHEHAT, ZOXF%E nexte [THEMT 5.

nextc =
nextChar();

//buffer 5 —fTaed, SUTHIEE line [ZEDITEMENT DAY v K.
public void readlnputFile(Q) {

try {
line = buffer.readLine();

} catch(10Exception error_report) {
/* BUAHBTT =R ELES, v v F LIS EFRFL,
T7ANERAL, MBEREKTIED */
System.out.printin(error_report);
closeFile();

System._exit(1l);

I/ 7 7 ANEHEDAY v R
public void closeFile() {

try {
buffer.close();

} catch(10Exception error_report) {
System.out.printin(error_report);

System._exit(1l);
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VIRDOLFEAGDAY v R
public char nextChar() {
if (line == null) { //7 7 AV RIZELTZ B 0" &K
currentc = nextc;
nextc = "¥0";
return currentc;
¥} else if (columnnum >= line.length(Q)) { //11RICEL-BH"¥n" 2T
readlnputFile();
currentc = nextc;
nextc = "¥n";
linenum++;
columnnum = 0;
return currentc;
Y} else { /77 @EOEE. FATLE—LF% nexte ITHML, EOMHAZIRT.
currentc = nextc;
nextc = line.charAt(columnnum);
columnnum++;

return currentc;

(3) Instraction.java
class Instraction implements Operators {
int operator; /* FRL—H */
int operand; /* intBlA <7 K */
double doubleOperand; /* doublef!4 7> | */
String stringOperand; /* String®4~7 > R*/

boolean register; /* T RURAESH >/

1/ FRXT U REFFZRVGAEDA VA NT IR
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;

/7 Nt XRT U REROGE0a A N7 74
public Instraction (int op, int i) {
operator = op;

operand = 1i;

doubleOperand Double_NaN;

stringOperand = ;

register = false;

public Instraction (int op, int i, boolean r) {
operator = op;

operand = i;

doubleOperand Double_NaN;

stringOperand = ;

register = r;

// charfiF~Z v REfFO%a0a A N7 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 r) {
operator = op;
operand = (int) c;
doubleOperand = Double.NaN;

stringOperand = ;
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register = r;

// double® AT v REfpOL60a A N7 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 r) {
operator = op;
operand = Integer.MAX_VALUE;
doubleOperand = d;

stringOperand = ;

register = r;

// Stringf AT v REFOLE0a A NI 7 4
public Instraction (int op, String str) {
operator = op;
operand = Integer.MAX_VALUE;
doubleOperand = Double.NaN;

stringOperand str;

register = false;

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

register = r;

public String toString(Q {

char c;
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switch(operator) {
case PUSH:

case

case

case

case

case

case

case

case

case

case

case

case

case

case

PUSHI :
POP:
SETFR:
INCFR:
DECFR:
BEQ:
BNE:
BLE:
BLT:
BGE:
BGT:
JUMP:
CALL:
return opName
PUSHC:
c = (char) op
switch (¢c) {
case "¥0":
return
case "¥b-":
return
case "¥n":
return
case "¥r-":
return
case "¥t":
return
default:

return

}

case PUSHD:

return opName

O + ¥t

erand;

opName()

opName()

opName()

opName()

opName()

opName()

O + "¥t"

/> Nt <Z o ReRioga >/

operand + "¥t';

/* charfil 4~ o R&Eo848 */

UYEYTYYO¥ UYL,

UHTETYYDY ¥

UYTETYYN¥ETYL

UYTETYYr¥ETYL,

UYTETYYTETYL,

YT¥TT + C + TETHEYS

/* double A ~Z o Rafr o565 */

doubleOperand + "¥t";

case PUSHB: /* boolean! 47 o REFFOYH */
return opName() + (operand != 0);

case PUSHS: /* Stringfil AT v REFFOEA */
String str = "";

for (int i=0;

i<stringOperand.length(Q); i++) {
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}

CcC =

switch (¢) {

case

case

case

case

case

"¥0":
str +=
break;

"¥b":
str +=
break;

"¥n©:
str +=
break;

"¥rt:
str +=
break;

T¥LT:
str +=

break;

default:

str +=

break;

""¥¥0";

"¥¥P";

"¥¥n";

¥

B2 ) i

stringOperand.charAt(i);

stringOperand.charAt(i);

return opName() + "¥t¥'"'" + str + "¥"¥t";
default:

return opName() + ""¥t¥t"

[/ FAT U Ra— REFRTw RAICEH

public String opName() {

switch(operator) {

case

case

case

case

case

case

case

case

NOP:
ASSGN:
ADD:
ADDLHS:
SUB:
SUBLHS:
MUL :
MULLHS:

return ""NOP
return ""ASSGN
return "ADD

return "ADDLHS '';

return "'SUB

return ""SUBLHS '';

return ""MUL

return "MULLHS '';
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// no operation
// assign
// +
// +=
// -
// -=
/7 *
// *=

H__/\
5a >
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case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

DIV:
DIVLHS:
MOD:
MODLHS:
CSIGN:
AND:
OR:
NOT:
XOR:
COMP:
COPY:
PUSH:
PUSHI :
PUSHC:
PUSHD:
PUSHB:
PUSHS:
POP:
REMOVE:
LOAD:
INC:
DEC:
PREINC:
PREDEC:
POSTINC:
POSTDEC:
SETFR:
INCFR:
DECFR:
JUMP:
BEQ:
BNE:
BLT:
BLE:
BGT:
BGE:
CALL:
RET:
INPUT:

return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return

return

"DIV -
"DIVLHS ™;
""MOD -
"MODLHS ™*;
"CSIGN *;
"AND -
"OR "
"NOT "
""XOR -
"COmMP ™5
"COPY ™,
"PUSH "';
"PUSHI 5
"PUSHC '';
"PUSHD *';
"PUSHB '';
"PUSHS '';
"'POP -
"REMOVE "*;
"LOAD "';
"INC -
""DEC -
"PREINC ";
"PREDEC "';
"POSTINC";
"POSTDEC";
"SETFR '';
"INCFR '';
"DECFR '';
“"JUMP T
"BEQ "
"BNE -
"BLT "
"“"BLE -
"BGT "
""BGE -
"CALL ";
"“"RET "
"INPUT 5
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// /=
/7 %

/7 %=

// HIE-
// and
// or
// not
// exclusive or
// comp

// copy

// push

// push integer
// push char

// push double
// push boolean
// push string
// pop

// remove

// load
// ++
// —-

// RiE++

/7 RiifE--

// FiE++

// HiE--

// set frame register
// inc frame register
// dec frame register
// jump
// == 7
// 1=
/7 <2
// <=7
/7 > 7
// >= 7

// call
// return

// input integer



case INPUTC: return
case INPUTD: return
case INPUTS: return
case OUTPUT: return
case OUTPUTC: return
case OUTPUTD: return
case OUTPUTL: return
case OUTPUTS: return
case CASTI: return
case CASTC: return
case CASTD: return
case CASTB: return
case CASTS: return
case RAND: return
case HALT: return
case PARA: return
case SYNC: return
case PUSHP: return
case EOF: return
default: return
}
}
}
(4) InstractionSegment.java
import ioTools.*; //7 7 A /W AHTIH
import java.io.*; //7 7 A /WAHTIH

"INPUTC
"INPUTD
"INPUTS
"OUTPUT
"OUTPUTC™;
"OUTPUTD";
"OUTPUTL";
"OUTPUTS";

"CASTI
"CASTC
"CASTD
""CASTB
"CASTS
""RAND
"HALT
"PARA
"SYNC
""PUSHP
"EOF
""ERROR

import java.util_.ArrayList; //ArraylList/Lif)f]

// input character
// input double

// input string

// output integer
// output character
// output double

// output line

// output string

// cast int

// cast char

// cast double

// cast boolean

// cast string;

// random

// halt

// parallel

// syncronous

// push processor number
// end of file

// error

public class InstractionSegment implements Operators {

ArraylList iseg;

int isegPtr;

int size;

boolean debugSw;

public InstractionSegment(boolean dsw) {

iseg = new ArrayList();

isegPtr = 0;
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size = 0;

debugSW = dsw;

// lseglZInstraction®ma &Nz 5
public int appendCode (Instraction inst) {
if (size == isegPtr) {
if (debugSW) System.out.printin(isegPtr+": "+inst);
iseg.add (inst);
sSize++;
} else {
Instraction oldInst = ((Instraction) iseg.get(isegPtr));
it (debugSW) System.out.print (isegPtr+": "+oldlnst);
iseg.remove (isegPtr);
iseg.add (isegPtr, inst);
it (debugSwW) System.out.println ("'-> "+inst);
}
isegPtr++;

return isegPtr-1;

// 1segilA T FELMSEIMNZD
public int appendCode (int operator) {
if (size == isegPtr) {
Instraction inst = new Instraction (operator);
if (debugSW) System.out.println (isegPtr+": "+inst);
iseg.add (inst);
size++;
} else {
Instraction inst = ((Instraction) iseg.get (isegPtr));
ifT (debugSW) System.out.print (isegPtr+": "+inst);
inst.operator = operator;
inst.operand = Integer_MAX_VALUE;
Double.NaN;

inst.doubleOperand

inst_stringOperand

inst.register = false;

it (debugSWw) System.out.println ("'-> "+inst);
}
isegPtr++;
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return isegPtr-1;

public int appendCode (int operator, boolean register) {
if (size == isegPtr) {
Instraction inst = new Instraction (operator, register);
it (debugSW) System.out.println (isegPtr+": "+inst);
iseg.add (inst);
size++;
} else {
Instraction inst = ((Instraction) iseg.get (isegPtr));
ifT (debugSW) System.out.print (isegPtr+": "+inst);
inst.operator = operator;
inst.operand = Integer_MAX_VALUE;
Double.NaN;

inst._doubleOperand

inst_stringOperand = ""';

inst._register = register;

if (debugSw) System.out.println ("'-> "+inst);
}

isegPtr++;

return isegPtr-1;

// 1segilintf A ~7 v Rifaaz iz 5
public int appendCode (int operator, int operand) {
it (size == isegPtr) {
Instraction inst = new Instraction (operator, operand);
ifT (debugSW) System.out.println (isegPtr+": "+inst);
iseg.add (inst);

sSize++;
} 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) {

75



if (size == isegPtr) {
Instraction inst = new Instraction (operator, operand, register);
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, "', register);
}
isegPtr++;

return isegPtr-1;

// lsegiZdoublelA~Z v RftmazMz s
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);
}
isegPtr++;

return isegPtr-1;

public int appendCode (int operator, double doubleOperand, boolean register) {
if (size == isegPtr) {
Instraction inst = new Instraction (operator,
doubleOperand, register);
ifT (debugSW) System.out.println (isegPtr+": "+inst);
iseg.add (inst);
size++;
} else {
Instraction inst = ((Instraction) iseg.get (isegPtr));
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replace (isegPtr, inst, operator,
Integer.MAX_VALUE, doubleOperand, "', register);
}
isegPtr++;

return isegPtr-1;

// lsegiZString™A~7 v R B Eiz 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);
sSize++;
} 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 —F RS */
if (addr < 0 || addr >= size)
executeError(*"lllegal iseg address ™, addr);

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

}
public int operand (int addr) { /* AT RERT xS
if (addr < 0 || addr >= size)
executeError(*"lllegal iseg address ™, addr);
return ((Instraction) iseg.get (addr)).operand;
}
public char charOperand (int addr) { /* charilA4 7 o R&ik4 */
if (addr < 0 || addr >= size)
executeError(*"lllegal iseg address ™, addr);
return (char) ((Instraction) iseg.get (addr)).operand;
}

public double doubleOperand (int addr) { /* double 7427 Rzid */
if (addr < 0 || addr >= size)
executeError(*"lllegal iseg address ™, addr);

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

public boolean boolOperand (int addr) { /* boolean 427 Rzl */
if (addr < 0 || addr >= size)
executeError(*"lllegal iseg address ™, addr);

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

public String stringOperand (int addr) { /* String4 <7 Rzild */
if (addr < 0 || addr >= size)
executeError(*"lllegal iseg address ™, addr);

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

public boolean register (int addr) { /7* LA X ZikT */
if (addr < 0 || addr >= size)

executeError(*lllegal iseg address ™, addr);
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return ((Instraction) iseg.get (addr)).register;

1/ BT T RDOT RV A ETF =y
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 ('lllegal iseg address : ' + inst, addr);

break;

default:

break;

// FRELET RL A &R
public void print (int addr) {;
System.out.print(addr + ": " + (Instraction) iseg.get (addr));

// lseg #FHER
public void dump() {
for (int i=0; i<isegPtr; i++)

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

// \seq 7 7 4/ N7 7 A THT
public void dumpToFile(Q) {
PrintWriter outputFile = Filelo.fWrite (""OpCode.asm", false);
for (int i=0; i<isegPtr; i++)

outputFile_println ((Instraction) iseg.-get (i));
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outputFile.close();

// lseqg ZIEELT7 7 AV
public void dumpToFile (String fileName) {
PrintWriter outputFile = Filelo.fWrite (fileName, false);
for (int i=0; i<isegPtr; i++)
outputFile._println ((Instraction) iseg.-get (i));

outputFile.close();

1] HEDOFR =L AT REERT D
void replace (int addr, Instraction inst, int operator,
int operand, double doubleOperand,
String stringOperand, boolean register) {
it (debugSw)
System.out.print (addr + ": ' + QInst);
inst.operator = operator;
inst.operand = operand;
inst_doubleOperand = doubleOperand;
inst_stringOperand = stringOperand;
inst._register = register;
it (debugSw)
System.out.println ("-> " + inst);

// addr FHOMSD AXL—%, FX7 K % operator, operand [ZAET 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 FHOMSDOAT K % operand I[ZEFT 5

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

Double_.NaN, "', inst.register);
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// addr FBHOMSD AXL—%, FX7 K % operator, doubleOperand (ZAFJ 5
public void replaceCode (int addr, int operator, double doubleOperand) {
Instraction inst = ((Instraction) iseg.get (addr));
replace (addr, inst, operator, Integer.MAX VALUE,

doubleOperand, , Inst._register);

// addr FHOMSDOAZ K % doubleOperand (ZAE 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);

// addr FHOMSD AXL—%, F~X7 K % operator, stringOperand (ZAEF 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);

// addr FHOMSDOAT K % stringOperand (ZAET 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);

// addr FHOMS%E 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 (debugSWw) System.out.println ("'-> "+inst);

void syntaxError (String err_mes, int addr) { /* ExXT— */f
System.out.println ('Syntax error at line " + addr);
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System.out.println (err_mes);
System.out.println ((Instraction) iseg.get (addr));
System._exit(1l);

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

(5) OpCode.java
class OpCode {
String opName;
int operator;

int operand;

public OpCode(String n, int i, int j) {
opName = nj;
operator = 1i;

operand = j;

}
public OpCode(String n, int i) {
opName = nj;
operator = 1i;
operand = -1;
}

public String toString(Q {
if (operand == -1)
return opName;

else return opName+"¥t"+operand;
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(6)  Operators.java

interface Operators

static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static

static

final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final
final

final

-
)} )} )} )} )} )} )} )} )} )} )} )}

=+

=+

=+

[ B B B B N N

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

OR

NOT
XOR
COMP
COPY
PUSH
PUSHI
PUSHC
PUSHD
PUSHB
PUSHS
REMOVE
LOAD
POP
INC
DEC
PREINC
PREDEC
POSTINC
POSTDEC
SETFR
INCFR
DECFR

= 25;

11;

12;

13;
14;
15;
16;
17;
18;
19;

20;
21;
22;
23;
24;

= 26;
= 27;
= 28;
= 29;

= 30;
= 31;
= 32;
= 33;

34;
35;
36;

// no operation
// assign
// +

// +=
// -

// -=
/7 *

// *=
/7 7/

// /=

/7 %

/7 %=

// HE-

// and

// or

// not

// exclusive or
// comp

// copy

// push

// push integer
// push character
// push double
// push boolean
// push string
// remove

// load

// pop

// ++

// —-

// RiE++

// FiiiE--

/7 BE++

// BiE--

// set frame register
// inc frame register

// dec frame register
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static final int JUMP = 37; // jump

static final int BLT =38; // <?

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; // >= 7

static final int CALL = 44; // call

static final int RET = 45; // 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
static final int OUTPUTD
static final int OUTPUTB
static final int OUTPUTS
static final int OUTPUTL

51; // output character
52; // output double

53; // output boolean

54; // output string

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

(7) PramMode.java
interface PramMode {
static final int M_EREW = O;
static final int M_CREW 1;
static final int M_COMMON_CWCW = 2;
static final int M_ARBITRARY_CRCW = 3;
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static final int M_PRIORITY_CRCW = 4;

(8) Stack.java

import java.util_ArraylList; // ArrayListiLF/f]

public class Stack implements Type {

ArraylList stack; VI S

int sp; [/ AZ > TRA K

int maxSp; [/ AZ T RA EDREKAE
int processorNumberX; // Tt yvEE

int processorNumberY;

[/ A ARNT A
/] Tty YpDAL Y EED
public Stack (int p, int q) {

stack = new ArrayList();
sp = -1;
maxSp = -1;

processorNumberX p;

processorNumberY = q;

[/ AE 7 inbintil T — 2 2B 9
[/ AE 7 OEPINtUIER TE WG EIE= T —
public int pop O {
if (sp < 0) executeError ("'Stack Underflow');;
int val = 0;
Object data = stack.get(sp);
int type = getType(Q);
switch (type) {
case T_INT:
val = ((Integer) data).intValue();

break;

case T_DOUBLE: /* doublef i TintH 4 He */
val = ((Double) data).intvValue();
break;

case T_CHAR: /* charfliZintB o & #s >/
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val = (int) ((Character) data).charValue();

break;

case T_BOOL: /* boolean![XintH |22 */
val = (((Boolean) data).booleanvalue()) ? 1 : O;

case T_STRING: /* String® T intRC S */
try { /* EgCTERTET T — </

val = Integer.parselnt ((String) data);
} catch (NumberFormatException error_report) {
executeError ('Stack top data is not integer value :
type Mismatched™);
}
break;
default:
executeError ('Stack top data is not integer value :

type Mismatched™);

break;
3
stack.remove(sp);
sp--;

return val;

/7 A% 7 inbdoulbe T — & 2 Huy
// A% 7 OfENdoublelZ B TE WAL T T —
public double popDouble () {
if (sp < 0) executeError ('Stack Underflow');;
double doubleval = 0.0;
Object data = stack.get(sp);
int type = getType(Q);
switch (type) {
case T_DOUBLE:

doubleVal = ((Double) data).doubleValue();
break;

case T_INT: /* intZdouble® | ZZHa */
doubleVal = ((Integer) data).doubleValue();
break;

case T_CHAR: /* char®|Zdouble® |2 */
doubleVal = (double) ((Character) data).charValue();
break;
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case T_BOOL: /* boolean’!{Xdoublef!|ZZ#a */

doubleVal = (((Boolean) data).booleanvValue()) ? 1.0 : 0.0;

break;
case T_STRING: /* StringiZdouble T ZHL >/
A /% BRTE ARG IUZE T — %/

doubleVal = Double_parseDouble ((String) data);
} catch (NumberFormatException error_report) {
executeError ('Stack top data is not double value :
type Mismatched™);
}
break;
default:
executeError ('Stack top data is not double value :

type Mismatched™);

break;
3
stack.remove(sp);
sp--;

return doubleVval;

/1 AE 7 inbeharfl T — 2 2B g
/1 AF 7 OfEhcharllZE#MTE WS AT T —
public char popChar (O {
if (sp < 0) executeError ('Stack Underflow');;
char charval = "¥0";
Object data = stack.get(sp);
int type = getType(Q);
switch (type) {
case T_CHAR:
charvVal = ((Character) data).charValue();

break;

case T_INT: /* int"jIcharf!|2Z5#a */
charVal = (char) ((Integer) data).intValue();
break;

case T_DOUBLE: /* double’fliXchar® |24 #: */
charVal = (char) ((Double) data).doublevalue();
break;

case T_BOOL: /* boolean®!|Xcharfl|ZZ#: */
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charvVal = (((Boolean) data).booleanValue()) ? "¥1" : "¥0%;

break;
case T_STRING: /* StringM IR 10 & X idcharflicZ&H#L >/
String str = (String) data; /* FRLIANEIT S — */

if (str.length() == 1)
charvVal = str._.charAt(0);
else executeError ('Stack top data is not character :
type Mismatched™);
break;
default:

executeError ('Stack top data is not character : type Mismatched™);

break;
3
stack.remove(sp);
sp--;

return charVval;

// AH 7 xbboolean T — & A Hu Y Hi9
// A% 7 OfEdboolean|lZE# TE WA IET T —
public boolean popBool () {
if (sp < 0) executeError ('Stack Underflow');;
boolean boolval = false;
Object data = stack.get(sp);
int type = getType(Q);
switch (type) {

case T_BOOL:
boolVal = ((Boolean) data).booleanValue();
break;

case T_INT: /* inthj3072 b False, Tl iTtruezikd */
boolVal = ((Integer) data).intValue() != 0;
break;

case T_DOUBLE: /* double’|30.07% &% false, LS MItruerik4 */
boolVal = ((Double) data).doublevValue() !'= 0.0;
break;

case T_CHAR: /* chari[3"¥0" 7z 5 Xfalse, TSN Itrues X9 */
boolVal = ((Character) data).charValue() = "¥0";
break;

case T_STRING: /> String I "true" /2 Hl3true, Tl T Falsexikd */
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boolVal = ((String) data).equalslgnoreCase ('true™);
break;
default:

executeError ('Stack top data is not boolean : type Mismatched™);

break;
3
stack.remove(sp);
sp--;

return boolVval;

/1 AE 7 BStringl T — 2 B0
public String popString ) {
if (sp < 0) executeError ('Stack Underflow');
String str = '";
Object data = stack.get(sp);
int type = getType(Q);
switch (type) {
case T_STRING:
str = (String) data;

break;

case T_INT: /* intHIStringIc LM */
str = ((Integer) data).toString();
break;

case T_DOUBLE: /* double®|IString® iz & #s */
str = ((Double) data).toString();
break;

case T_CHAR: /* charIString (2 Z# */
str = ((Character) data).toString();
break;

case T_BOOL: /* boolean![XStringIZZHa */
str = ((Boolean) data).toString();
break;

default: /* Object™IString i ZH# >/
str = data.toString(Q);
break;

}

stack.remove(sp);

sp--;
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return str;

/1 A%y 7 b0bject T —Z Y T
public Object popObject () {
if (sp < 0) executeError ('Stack Underflow');
Object o = stack.get(sp);
stack.remove(sp);
sp--;

return o;

1/ AB 7 IintRT — 2 Z4f AT 5

public void push (int val) {
stack.add (new Integer (val));
Sp++;
it (sp > maxSp) maxSp = sp;

return;

// A% > 7 iZdoublefls — 4 Z4fR AT 5

public void push (double doubleval) {
stack.add (new Double (doubleval));
Sp++;
it (sp > maxSp) maxSp = sp;

return;

// 2% v 7iZcharacterf 5 — % 4 AN %

public void push (char charval) {
stack.add (new Character (charVal));
Sp++;
it (sp > maxSp) maxSp = sp;

return;

// A% 7 iZbooleanF — % Z4E AT 5
public void push (boolean boolVval) {
stack.add (Boolean.valueOf (boolval));
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Sp++;
it (sp > maxSp) maxSp = sp;

return;

/1 AZ Y 7IZStringil T — X ZAT 5
public void push (String str) {
stack.add (str);
Sp++;
it (sp > maxSp) maxSp = sp;

return;

/1 AF > 7 Z0bjectT — X &4 AT %
public void push (Object 0) {
stack.add (0);
Sp++;
it (sp > maxSp) maxSp = sp;

return;

1/ ARGy T INZETH DD
public boolean isEmpty () {
return (sp < 0);

/] 2B by T DT =2 DO
public int getType O {
if (sp < 0) return T_ERROR;

else {
Object data = stack.get (sp);
if (data.getClass() == Integer.class) return T_INT;
else if (data.getClass() == Double.class) return T_DOUBLE;
else if (data.getClass() == Character.class) return T_CHAR;
else if (data.getClass() == Boolean.class) return T_BOOL;
else if (data.getClass() == String.class) return T_STRING;
else return T_ERROR;

}
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[/ AZ 7 RA L ZADT —Z DO
public int getType (int i) {
if (i<0 || sp < i) return T_ERROR;

else {
Object data = stack.get (i);
if (data.getClass() == Integer.class) return T_INT;
else if (data.getClass() == Double.class) return T_DOUBLE;
else if (data.getClass() == Character.class) return T_CHAR;
else if (data.getClass() == Boolean.class) return T_BOOL;
else if (data.getClass() == String.class) return T_STRING;
else return T_ERROR;

}

1/ AZ T Ny T MNBE2TDDT— X DHY

public int getSecondType O {

if (sp < 1) return T_ERROR;

else {
Object data = stack.get (sp-1);
if (data.getClass() == Integer.class) return T_INT;
else if (data.getClass() == Double.class) return T_DOUBLE;
else if (data.getClass() == Character.class) return T_CHAR;
else if (data.getClass() == Boolean.class) return T_BOOL;
else if (data.getClass() == String.class) return T_STRING;
else return T_ERROR;

}

/] 2B YT by TEERT S

public String
it (sp

else {

toString(Q {
< 0) return "¥t¥t";

String str = sp + "¥t';
Object data = stack.get(sp);
int type = getType(Q);
switch (type) {
case T_INT:
str += ((Integer) data).toString();

break;
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case T_DOUBLE:
str += ((Double) data).toString();
break;

case T_CHAR:
str += "¥"" + ((Character) data).toString() + "¥°";
break;

case T_BOOL:
str += ((Boolean) data).toString();
break;

case T_STRING:
str += "¥"" + (String) data + "¥""

break;
default:
str += "7?";
break;
}
Str += "¥t";

return str;

}
1/ 227 ODNEERRT DT STH)
public void dump O {
if (sp < 0) System.out.printIn("Empty');
else for (int i=0; i<=sp; i++) {
String str = 1 + "¥t";
Object data = stack.get(i);
int type = getType(i);
switch (type) {
case T_INT:
str += ((Integer) data).toString();
break;
case T_DOUBLE:
str += ((Double) data).toString();
break;
case T_CHAR:
str += "¥"" + ((Character) data).toString() + "¥"';
break;
case T_BOOL:
str += ((Boolean) data).toString();
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break;
case T_STRING:
str += "¥"" + (String) data + "¥""';
break;
default:
str += "?";
break;

}
System.out.printin(str);

void executeError (String err_mes) { /* JA[HF=T— */

System.out.println ('Processor " + processorNumberX*10
+ processorNumberY);

System.out.println (“Execute error at line "

+ VSM.vsm[processorNumberX][processorNumberY].pctr);
System.out.println (err_mes);
VSM._iseg.print (VSM.vsm[processorNumberX][processorNumberY].pctr);
System._out._printin();
System.exit(1l);

(9) Typejava
interface Type {

static
static
static
static
static
static
static
static
static
static
static

static

final int T_VOID = 0;
final int T_INT = 1;
final int T_ARRAYOFINT = 2;

final int T_CHAR
final int T_ARRAYOFCHAR = 4;
final int T_BOOL
final int T_ARRAYOFBOOL = 6;
final int T_DOUBLE =7;
final int T_ARRAYOFDOUBLE = 8;
final int T_STRING = 9;
final int T_ARRAYOFSTRING = 10;
final int T_ERROR = 255;

1
w

1
a1
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(10)
import

public

VirtualStackMachine.java
ioTools.*;

class VirtualStackMachine implements Operators, Type, PramMode {

InstractionSegment iseq;// Instranciton Segment

DataSegment dseg; // Data Segment
Stack stack; // Stack

int pctr; // Program Counter
boolean isRunning; // status

boolean fregP;

int freg; // Frame Register

int minFreg;

int callCtr; // Call Counter

int insCtr; // Instrument Counter
int processorNumberX; // Processor Number

int processorNumberY;

public VirtualStackMachine (InstractionSegment is, DataSegment ds,
int p, int g, boolean fp) {
iseg = is;
dseg = ds;
stack = new Stack (p, q);
pctr = 0O;
isRunning = false;
callCtr = O;
insCtr = O;

processorNumberX p;

processorNumberY = q;
freg = 0;
fregP = fp;

minFreg = ds.size;

//isegDpctrE& Dy & JAT

public int execute (boolean traceSW) {
int operator = iseg.operator (pctr);
int operand = iseg.operand (pctr);
if (iseg.register(pctr) && fregP)

operand += freg;
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double doubleOperand iseg.-doubleOperand (pctr);

String stringOperand = iseg.stringOperand (pctr);

if (isRunning) { /7 RENETHO L EDOLIATTL
int i;
int vall, val2, addr;
char charvall, charval2;
double doublevall, doubleval2;
boolean boolvall, boolvVal2;
String strl, str2;
Object obj;
int typel, type2;

insCtr++;

it (tracesw) {
ifT (processorNumberX < 10)
System.out._.print("" " + processorNumberX
+ processorNumberY + "¥t');
else System.out.print(processorNumberX

+ processorNumberY + "¥t');
iseg.print(pctr);

switch(operator) { // iseg®D yic L0 oyl
case NOP: /* No operation */
pctr++;
break;
case ASSGN: /* assign */
obj = stack.popObject();
addr = stack.pop(Q);
dseg.-write (addr, obj, processorNumberX, processorNumberY);
stack.push (obj);
pctr++;
break;
case ADD: /> + */
typel = stack.getType();
type2 = stack.getSecondType();
if (typel == T_ERROR || type2 == T_ERROR)

executeError ('Type mismatch'™);
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else if (typel == T _STRING || type2 == T_STRING) {
/* stringMIcZ L >/

strl = stack.popString(Q);

str2 = stack.popString(Q);

stack.push (str2 + strl);
} else if (typel == T _DOUBLE || type2 == T _DOUBLE) {
/* double®! T2 >/

doubleVall = stack.popDouble();

doubleVal2 = stack.popDouble();

stack.push (doubleval2 + doublevall);

} else {
vall = stack.pop();
val2 = stack.pop();

stack.push (val2 + vall);
}
pctr++;
break;
case ADDLHS: /* += */
obj = stack.popObject();
addr = stack.pop(Q);
getType (obj);
type2 = dseg.getType (addr);
if (typel == T_ERROR || type2 == T_ERROR)

typel

executeError ('Type mismatch'™);
else if (typel == T _STRING || type2 == T_STRING) {

strl objToString (obj);

str2

dseg.readString
(addr, processorNumberX, processorNumberY);
strl = str2 + strl;
dseg.write (addr, stri,
processorNumberX, processorNumberyY);
stack.push (str2 + strl);
} else if (typel == T _DOUBLE || type2 == T _DOUBLE) {
doubleVall = objToDouble (obj);
doubleVal2 = dseg.-readDouble
(addr, processorNumberX, processorNumberY);
doublevall = doubleval2 + doublevall;
dseg.write (addr, doubleVall,

processorNumberX, processorNumberyY);
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stack.push (doublevall);

} else {
vall = objTolnt (obj);
val2 = dseg.read (addr, processorNumberX,

processorNumberyY);
vall = val2 + vall;
dseg.-write (addr, vall, processorNumberX,
processorNumberyY);
stack.push (vall);
}
pctr++;
break;
case SUB: /7> - */
typel = stack.getType();
type2 = stack.getSecondType();
if (typel == T_ERROR || type2 == T_ERROR ||
typel == T_STRING || type2 == T_STRING)
executeError ('Type mismatch'™);
else if (typel == T _DOUBLE || type2 == T _DOUBLE) {
doubleVall = stack.popDouble();
doubleVal2 = stack.popDouble();
stack.push (doubleval2 - doublevall);

} else {
vall = stack.pop();
val2 = stack.pop();

stack.push (val2 - vall);
}
pctr++;
break;
case SUBLHS: /* —= */
obj = stack.popObject();
addr = stack.pop(Q);
getType (obj);
type2 = dseg.getType (addr);
if (typel == T_ERROR || type2 == T_ERROR ||
typel == T_STRING || type2 == T_STRING)
executeError ('Type mismatch'™);
else if (typel == T _DOUBLE || type2 == T _DOUBLE) {
doubleVall = objToDouble (obj);

typel
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doubleVal2 = dseg.readDouble
(addr, processorNumberX, processorNumberY);
doublevall = doubleval2 - doublevall;
dseg.-write (addr, doubleVall,
processorNumberX, processorNumberY);

stack.push (doublevall);

} else {
vall = objTolnt (obj);
val2 = dseg.read (addr, processorNumberX,

}

processorNumberyY);
vall = val2 - vall;
dseg.-write (addr, vall, processorNumberX,
processorNumberyY);

stack.push (vall);

pctr++;

break;

case MUL:

/***/

typel = stack.getType();

type2 = stack.getSecondType();
if (typel == T_ERROR || type2 == T_ERROR ||

typel == T_STRING || type2 == T_STRING)

executeError ('Type mismatch'™);

else if (typel == T _DOUBLE || type2 == T _DOUBLE) {

doubleVall = stack.popDouble();
doubleVal2 = stack.popDouble();
stack.push (doubleval2 * doublevall);

} else {
vall = stack.pop();
val2 = stack.pop();

}

stack.push (val2 * vall);

pctr++;

break;
case MULLHS: /* *= */

obj

= stack.popObject();

addr = stack.pop(Q);

typel = getType (obj);
type2 = dseg.getType (addr);
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if (typel == T_ERROR || type2 == T_ERROR ||
typel == T_STRING || type2 == T_STRING)
executeError ('Type mismatch'™);
else if (typel == T _DOUBLE || type2 == T _DOUBLE) {
doubleVvVall objToDouble (obj);
doubleval?2
(addr, processorNumberX, processorNumberY);
doublevall = doubleval2 * doublevall;

dseg.-readDouble

dseg.-write (addr, doubleVall,
processorNumberX, processorNumberyY);
stack.push (doublevall);

} else {
vall = objTolnt (obj);
val2 = dseg.read (addr, processorNumberX,

processorNumberyY);
vall = val2 * vall;
dseg.-write (addr, vall, processorNumberX,
processorNumberyY);
stack.push (vall);
}
pctr++;
break;
case DIV: /> /7 */
typel = stack.getType();
type2 = stack.getSecondType();
if (typel == T_ERROR || type2 == T_ERROR ||
typel == T_STRING || type2 == T_STRING)
executeError ('Type mismatch'™);
else if (typel == T _DOUBLE || type2 == T _DOUBLE) {
doubleVall = stack.popDouble();
it (doublevall == 0.0)
executeError(*'Zero divider detected™);
doubleVal2 = stack.popDouble();
stack.push (doubleval2 / doublevall);
} else {
vall = stack.pop(Q);
it (vall == 0)
executeError(*'Zero divider detected™);

val2 = stack.pop();

100



stack.push (val2 / vall);
}
pctr++;
break;
case DIVLHS: /* /= */
obj = stack.popObject();
addr = stack.pop(Q);
typel = getType (obj);
type2 = dseg.getType (addr);
if (typel == T_ERROR || type2 == T_ERROR ||
typel == T_STRING || type2 == T_STRING)
executeError ('Type mismatch'™);
else if (typel == T _DOUBLE || type2 == T _DOUBLE) {
doubleVall = objToDouble (obj);
it (doublevall == 0.0)
executeError ('Zero divider detected™);
doubleVal2 = dseg.readDouble
(addr, processorNumberX, processorNumberY);
doublevall = doubleval2 / doublevall;
dseg.write (addr, doubleVall,
processorNumberX, processorNumberyY);
stack.push (doublevall);
} else {
vall = objTolnt (obj);
if (vall == 0)

executeError (“'Zero divider detected™);

val?2 dseg.read (addr, processorNumberX,
processorNumberyY);
vall = val2 / vall;
dseg.-write (addr, vall, processorNumberX,
processorNumberyY);
stack.push (vall);
}
pctr++;
break;
case MOD: /7 % */
typel = stack.getType();
type2 = stack.getSecondType();
if (typel == T_ERROR || type2 == T_ERROR ||
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typel == T_STRING || type2 == T_STRING)
executeError ('Type mismatch'™);
else if (typel == T DOUBLE || type2 == T _DOUBLE) {
doubleVall = stack.popDouble();
it (doublevall == 0.0)
executeError ('Zero divider detected™);
doubleVal2 = stack.popDouble();
stack.push (doubleval2 % doublevall);
} else {
vall = stack.pop(Q);
it (vall == 0)
executeError ('Zero divider detected™);
val2 = stack.pop(Q);
stack.push (val2 % vall);
}
pctr++;
break;
case MODLHS: /* %= */
obj = stack.popObject();
addr = stack.pop(Q);
getType (obj);
type2 = dseg.getType (addr);
if (typel == T_ERROR || type2 == T_ERROR ||
typel == T_STRING || type2 == T_STRING)

typel

executeError ('Type mismatch'™);
else if (typel == T DOUBLE || type2 == T _DOUBLE) {
doubleVall = objToDouble (obj);
if (doublevall == 0.0)
executeError ('Zero divider detected™);
doubleVal2 = dseg.readDouble
(addr, processorNumberX, processorNumberY);
doublevall = doubleval2 % doublevall;
dseg.write (addr, doubleVall,
processorNumberX, processorNumberyY);
stack.push (doublevall);
} else {
vall = objTolnt (obj);
it (vall == 0)

executeError ('Zero divider detected™);
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val?2 dseg.read (addr, processorNumberX,
processorNumberyY);
vall = val2 % vall;
dseg.-write (addr, vall, processorNumberX,
processorNumberyY);
stack.push (vall);
}
pctr++;
break;
case CSIGN: /* HiIfi- */
typel = stack.getType();
if (typel == T_ERROR || typel == T_STRING)
executeError ('Type mismatch™);
else if (typel == T _DOUBLE) {
doubleVall = stack.popDouble();
stack.push (-doubleVall);
} else {
vall = stack.pop(Q);
stack.push (-vall);
}
pctr++;
break;
case AND: /* and */
typel = stack.getType();
type2 = stack.getSecondType();
if (typel == T_ERROR || type2 == T_ERROR ||
typel == T_STRING || type2 == T_STRING)
executeError ('Type mismatch'™);
else {
boolVall = stack.popBool();
boolVal2 = stack.popBool();
stack.push (boolVal2 && boolvall);
}
pctr++;
break;
case OR: /* or */
typel = stack.getType();
type2 = stack.getSecondType();
if (typel == T_ERROR || type2 == T_ERROR ||
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typel == T_STRING || type2 == T_STRING)
executeError ('Type mismatch™);
else {
boolVall = stack.popBool();
boolval2 = stack.popBool();
stack.push (boolval2 || boolVvall);
}
pctr++;
break;
case NOT: /* not */
typel = stack.getType();
if (typel == T_ERROR || typel == T_STRING)
executeError ('Type mismatch'™);
else {
boolVall = stack.popBool();
stack.push(!boolVall);
}
pctr++;
break;
case XOR: /* exclucive or */
typel = stack.getType();
type2 = stack.getSecondType();
if (typel == T_ERROR || type2 == T_ERROR ||
typel == T_STRING || type2 == T_STRING)
executeError ('Type mismatch'™);
else {
boolVall = stack.popBool();
boolVal2 = stack.popBool();
stack.push ((boolvVal2 && !'boolVall) ||
(!'boolval2 && boolVvall));
}
pctr++;
break;
case COMP: /* comp */
typel = stack.getType();
type2 = stack.getSecondType();
if (typel == T_ERROR || type2 == T_ERROR)
executeError ('Type mismatch'™);
else if (typel == T _STRING || type2 == T_STRING) {
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case

case

case

case

case

strl

stack.popString();
str2

stack.popString();
stack.push (str2.compareTo (strl));

} else if (typel == T _DOUBLE || type2 == T _DOUBLE) {
doubleVall = stack.popDouble();
doubleVal2 = stack.popDouble();
if (doubleVal2 == doublevall) stack.push (0);
else if (doubleval2 > doublevall) stack.push (1);
else stack.push (-1);

3} else {
vall = stack.pop();
val2 = stack.pop();

if (val2 == vall) stack.push (0);
else if (val2 > vall) stack.push (1);
else stack.push (-1);

}
pctr++;
break;
COPY: /* copy */
obj = stack.popObject();
stack.push (obj);
stack.push (obj);
pctr++;
break;
PUSH: /* push */
stack.push (dseg.readObject (operand,
processorNumberX, processorNumberY));
pctr++;
break;
PUSHI : /* push integer */
stack.push (operand);
pctr++;
break;
PUSHC: /* push character */

stack.push ((char) operand);
pctr++;
break;

PUSHD: /* push double */
stack.push (doubleOperand);
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case

case

case

case

case

case

case

pctr++;
break;

PUSHB: /* push boolean */
stack.push (operand != 0);
pctr++;
break;

PUSHS: /* push string */
stack.push (stringOperand);
pctr++;
break;

PUSHP: /* push processor number */
stack.push (processorNumberX*10 + processorNumberY);
pctr++;
break;

POP: /* pop */
dseg.-write(operand, stack.popObject(),

processorNumberX, processorNumberY);
pctr++;
break;

REMOVE: /* remove */
stack.popObject();
pctr++;
break;

LOAD: /* load */
addr = stack.pop(Q);
stack.push (dseg.readObject (addr,

processorNumberX, processorNumberY));
pctr++;
break;

INC: /* ++ */
typel = stack.getType();
switch (typel) {
case T_INT:
case T_CHAR:
case T_BOOL:

vall = stack.pop(Q);
vall++;
stack.push (vall);

break;
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case T_DOUBLE:
doubleVall = stack.popDouble();
doublevVall++;
stack.push (doublevall);
break;
default:

executeError ('Type mismatch');

break;
}
pctr++;
break;
case DEC: /* —— */

typel = stack.getType();

switch (typel) {

case T_INT:

case T_CHAR:

case T_BOOL:
vall = stack.pop(Q);
vall--;
stack.push (vall);
break;

case T_DOUBLE:
doubleVall = stack.popDouble();
doublevall--;
stack.push(doublevall);
break;

default:
executeError ('Type mismatch'™);
break;

}

pctr++;

break;

case PREINC: /* fijiE++ */

addr = stack.pop(Q);

typel = dseg.getType (addr);

switch (typel) {

case T_INT:

case T_CHAR:

case T_BOOL:
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vall = dseg.read (addr, processorNumberX,
processorNumberyY);

vall++;

dseg.-write (addr, vall, processorNumberX,
processorNumberyY);

stack.push (vall);

break;

case T_DOUBLE:

doubleVall = dseg.readDouble (addr,
processorNumberX, processorNumberY) ;
doubleVall++;
dseg.write (addr, doubleVall,
processorNumberX, processorNumberY);
stack.push (doublevall);

break;

default:

}

pctr++;
break;
case POSTINC:
addr =

typel =

switch

executeError ('Type mismatch'™);

break;

/> FiE++ */
stack.pop(Q);
dseg.getType (addr);
(typel) {

case T_INT:
case T_CHAR:
case T_BOOL:

vall = dseg.read (addr, processorNumberX,
processorNumberyY);

stack.push (vall);

vall++;

dseg.-write (addr, vall, processorNumberX,
processorNumberyY);

break;

case T_DOUBLE:

doubleVall = dseg.-readDouble
(addr, processorNumberX, processorNumberY);
stack.push (doublevall);
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doublevVall++;
dseg.write (addr, doubleVall,
processorNumberX, processorNumberyY);
break;
default:
executeError ('Type mismatch'™);
break;
}
pctr++;
break;
case PREDEC: /* fijifi-- */
addr = stack.pop(Q);
typel = dseg.getType (addr);
switch (typel) {
case T_INT:
case T_CHAR:
case T_BOOL:
vall = dseg.read (addr, processorNumberX,
processorNumberyY);
vall--;
dseg.-write (addr, vall, processorNumberX,
processorNumberyY);
stack.push (vall);
break;
case T_DOUBLE:
doubleVall = dseg.-readDouble
(addr, processorNumberX, processorNumberY);
doublevall--;
dseg.-write (addr, doubleVall,
processorNumberX, processorNumberyY);
stack.push (doublevall);
break;
default:
executeError ('Type mismatch'™);
break;
}
pctr++;
break;

case POSTDEC: /* f4iE—- */
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addr = stack.pop(Q);
typel = dseg.getType (addr);
switch (typel) {
case T_INT:
case T_CHAR:
case T_BOOL:
vall = dseg.read (addr, processorNumberX,
processorNumberyY);
stack.push (vall);
vall--;
dseg.-write (addr, vall, processorNumberX,
processorNumberyY);
break;
case T_DOUBLE:
doubleVall = dseg.-readDouble
(addr, processorNumberX, processorNumberY);
stack.push (doublevall);
doublevall--;
dseg.write (addr, doubleVall,
processorNumberX, processorNumberyY);
break;
default:

executeError ('Type mismatch'™);

break;
}
pctr++;
break;
case SETFR: /* set frame register */

freg = operand;
if (freg > dseg.size)
executeError ('Freg overflow');
else if (freg < minFreg) minFreg = freg;
pctr++;
break;
case INCFR: /* inc frame register */
freg += operand;
it (freg > dseg.size)
executeError ('Freg overflow');

pCctr++;
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break;
case DECFR: /* dec frame register */
freg -= operand;

if (freg < minFreg) minFreg = freg;

pctr++;
break;

case JUMP: /* jump */
pctr = operand;
break;

case BEQ: /* ==0 ? */

typel = stack.getType();

switch (typel) {

case T_INT:

case T_CHAR:

case T_BOOL:
vall = stack.pop(Q);
if (vall == 0) pctr = operand;
else pctr++;
break;

case T_DOUBLE:
doubleVall = stack.popDouble();
if (doublevVall == 0.0) pctr = operand;
else pctr++;
break;

default:

executeError ('Type mismatch'™);

break;
b
break;
case BNE: /* 1=0 ? */

typel = stack.getType();

switch (typel) {

case T_INT:

case T_CHAR:

case T_BOOL:
vall = stack.pop(Q);
if (vall '= 0) pctr = operand;
else pctr++;

break;
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case T_DOUBLE:
doubleVall = stack.popDouble();
if (doublevVall = 0.0) pctr = operand;
else pctr++;
break;
default:

executeError ('Type mismatch'™);

break;
b
break;
case BLT: /* <0 ? */

typel = stack.getType();
switch (typel) {
case T_INT:
case T_CHAR:
case T_BOOL:
vall = stack.pop(Q);
if (vall < 0) pctr

operand;
else pctr++;
break;
case T_DOUBLE:
doubleVall = stack.popDouble();
if (doublevVall < 0.0) pctr = operand;
else pctr++;
break;
default:

executeError ('Type mismatch'™);

break;
b
break;
case BLE: /* <=0 ? */

typel = stack.getType();
switch (typel) {
case T_INT:
case T_CHAR:
case T_BOOL:
vall = stack.pop(Q);
if (vall <= 0) pctr = operand;

else pctr++;
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break;
case T_DOUBLE:
doubleVall = stack.popDouble();
if (doublevVall <= 0.0) pctr = operand;
else pctr++;
break;
default:

executeError ('Type mismatch'™);

break;
b
break;
case BGT: /* >0 ? */

typel = stack.getType();
switch (typel) {
case T_INT:
case T_CHAR:
case T_BOOL:
vall = stack.pop(Q);
if (vall > 0) pctr

operand;
else pctr++;
break;
case T_DOUBLE:
doubleVall = stack.popDouble();
if (doublevVall > 0.0) pctr = operand;
else pctr++;
break;
default:

executeError ('Type mismatch');

break;
b
break;
case BGE: /* >=0 ? */

typel = stack.getType();
switch (typel) {
case T_INT:
case T_CHAR:
case T_BOOL:
vall = stack.pop(Q);
if (vall >= 0) pctr = operand;
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else pctr++;
break;
case T_DOUBLE:
doubleVall = stack.popDouble();

if (doublevVall >= 0.0) pctr = operand;

else pctr++;
break;
default:
executeError ('Type mismatch'™);
break;
}
break;
case CALL: /* call */
stack.push (pctr);
pctr = operand;
callCtr++;
break;
case RET: /* return */
pctr = stack.pop();
break;
case INPUT: /* input integer */
System.out.print (“"Integer : ');
vall = Console.Readlnteger();
stack.push (vall);
pctr++;
break;
case INPUTC: /* input character */
do {
System.out.print (“'Character : ');
strl = Console.ReadString();
} whille (strl.length()==0);
charvVall = strl.charAt(0);
stack.push (charVvVall);
pctr++;
break;
case INPUTD: /* input double */
System.out.print ("'Double : ');
doublevVall = Console.ReadDouble();
stack.push (doublevall);
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case

case

case

case

pCctr++;

break;

INPUTS: /* input string */

System.out.print (’String : ");

strl = Console.ReadString();

stack.push (strl);

pCtr++;

break;

OUTPUT: /* output integer */

vall = stack.pop();

System.out.print (vall + " ");

pCctr++;

break;

OUTPUTD: /* output double */

doublevall =

stack.popDouble();

System.out.print (doublevall + ™ ");

pCctr++;

break;

OUTPUTC: /* output character */

charvVall = stack.popChar();

it (traceSw)

switch(charVvall) {

case

case

case

case

case

defau

"¥0":
System.out._print ('¥¥0™);
break;

"¥b*":
System.out._print ('¥¥b™);
break;

"¥n©:
System.out._print ('¥¥n'™);
break;

"¥rt:
System.out._print ("¥¥r');
break;

¥
System.out._print ("¥¥t'");
break;

It:
System.out.print (charVall);
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break;
}
else System.out.print (charVall);
pctr++;
break;
case OUTPUTB: /* output boolean */
boolVall = stack.popBool();
System.out.print (boolvall + " ');
pctr++;
break;
case OUTPUTS:
strl = stack.popString ();
it (traceSWw)
for (i=0; i<strl.lengthQ); i++) {
char ¢ = strl.charAt(i);
switch (¢) {
case "¥0":
System.out.print ("¥¥0™);
break;
case "¥b-":
System.out.print ("¥¥b'™);
break;
case "¥n-":
System._out._print ('¥¥n'™);
break;
case "¥r-":
System.out.print ("¥¥r');
break;
case "¥t":
System.out.print ("¥¥t'™);
break;
default:
System.out._print (strl.charAt (i));

break;
}
}
else System.out.print (strl);
pctr++;
break;
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case

case

case

case

case

case

case

case

OUTPUTL: /* output Ine */

ifT (traceSW) System.out.print(""¥¥n');

else System.out.printin();
pctr++;
break;

CASTI: /* cast to int */
vall = stack.pop(Q);
stack.push (vall);
pctr++;
break;

CASTC: /* cast to char */
charvVall = stack.popChar();
stack.push (charVvall);
pctr++;
break;

CASTD: /* cast to double */
doubleVall = stack.popDouble();
stack.push (doublevall);
pctr++;
break;

CASTB: /* cast to boolean */
boolVall = stack.popBool();
stack.push (boolVvall);
pctr++;
break;

CASTS: /* cast to string */
strl = stack.popString(Q);
stack.push (strl);
pctr++;
break;

RAND: /* random */
stack.push (Math.random());
pctr++;
break;

PARA: /* parallel */

if (VSM.parallelCount > VSM.high_processor_i+2

&& VSM.inParallel)

executeError ('Already in parallel mode™);

int h = stack.pop(Q);
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}

int 1 = stack.pop(Q);
VSM_setParallel(l, h);
VSM.inParallel = true;
VSM._parallelCount++;
break;
case SYNC: /* syncronous */
if('VSM.inParallel)
executeError ('Already in sequential mode'™);
isRunning = false;
break;
case HALT: /* halt */
isRunning = false;
break;
case EOF: /* end of file */
executeError ('lllegal end of file™);
break;
default:
syntaxError ("lllegal operator™);
}
it (traceSw)
System.out.println (stack);

return operator;

// T Ay X raddril v R
public void setProgramCounter (int addr) {

pctr

addr;

/1707 F KB T

public void incProgramCounter() {

pCtr++;

VAN S Ei e

public void awake() {

isRunning = true;
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void syntaxError () { /* ExX T — */
System.out.println ('Processor " + processorNumberX+10
+ processorNumberY);
System.out.println ('Syntax error at line " + pctr);
iseg.print (pctr);
System.out._printin ;
System.exit (1);

void syntaxError (String err_mes) { /* Lkt T— */
System.out.println ('Processor " + processorNumberX*10
+ processorNumberY);
System.out.println ('Systax error at line " + pctr);
System.out.println (err_mes);
iseg.print(pctr);
System._out._printin();
System.exit (1);

}
void executeError () { /* FATRRT T — */f
System.out.println ('Processor " + processorNumberX*10
+ processorNumberY);
System.out.println (“Execute error at line " + pctr);
iseg.print (pctr);
System.out._printin ;
System.exit (1);
}

void executeError (String err_mes) { /* JA[HF=T— */
System.out.println ('Processor " + processorNumberX*10
+ processorNumberY);
System.out.println (“Execute error at line " + pctr);
System.out.println (err_mes);
iseg.print (pctr);
System.out._printin ;
System.exit (1);
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/[l T — X ORI AT
int getType (Object data) {

if (data.getClass(Q
if (data.getClass(Q
if (data.getClass(Q
if (data.getClass(Q
if (data.getClass(Q
return T_ERROR;

else
else
else
else

else

Integer.class) return T_INT;
Double.class) return T_DOUBLE;

Character.class) return T_CHAR;
Boolean.class) return T_BOOL;

String.class) return T_STRING;

// intB AT 2
int objTolnt (Object data) {

int val = 0;

int type = getType (data);

switch (type) {

case T_INT:
val = ((Integer) data).intValue();
break;

case T_DOUBLE: /* doublef i Tinth 4L He */
val = ((Double) data).intvValue();
break;

case T_CHAR: /* charf|ZintB |2 */
val = (int) ((Character) data).charValue(Q);
break;

case T_BOOL: /* boolean! X intH|Z 254 */
val = (((Boolean) data).booleanvalue()) ? 1 : O;

case T_STRING: /* StringTintBc s */

/> BHLT X7
Integer.parselnt ((String) data);

try {
val =

} catch (NumberFormatException error_report) {
executeError (‘'Data is not integer value : type Mismatched™);

}

break;

default:

}

executeError ('Data is not integer value : type Mismatched™);

break;

return val;
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// doublel!|ZZEH#135
double objToDouble (Object data) {
double doubleval = 0.0;

int type = getType (data);
switch (type) {
case T_DOUBLE:

case

case

case

case

doubleVal = ((Double) data).doubleValue();
break;

T_INT: /* intiliZdouble! (2 */
doubleVal = ((Integer) data).doubleValue();
break;

T_CHAR: /* char’|Zdouble® |2 */
doubleVal = (double) ((Character) data).charValue();
break;

T _BOOL: /* boolean’|Xdoublef!|ZZHs */
doubleVal = (((Boolean) data).booleanvValue()) ? 1.0 : 0.0;
break;

T_STRING: /* StringfiXdouble |22 */
try { /* BR T2 o— */

doubleVal = Double.parseDouble ((String) data);
} catch (NumberFormatException error_report) {
executeError (‘'Data is not double value : type Mismatched™);

}

break;

default:

}

executeError ('Data is not double value : type Mismatched™);

break;

return doubleVal;

// charl|\ZZE 4 %
char objToChar (Object data) {

char charVal = "¥0-";

int type = getType (data);
switch (type) {
case T_CHAR:

charval = ((Character) data).charValue();

break;
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case T_INT: /* int"jIcharf |25 #a */

charVal = (char) ((Integer) data).intValue();
break;

case T_DOUBLE: /* double’f|Zchar® |22 */
charVal = (char) ((Double) data).doublevValue();
break;

case T_BOOL: /* boolean®!Xcharf|ZZ#: */
charval = (((Boolean) data).booleanValue()) ? "¥1° : "¥0-";
break;

case T_STRING: /* String® 3R 10 & X idcharflic £ H# >/
String str = (String) data; /* FRLSMNEI=T— */

if (str.length() == 1)
charval = str._.charAt(0);
else executeError (‘'Data is not character : type Mismatched");
break;
default:
executeError (‘'Data is not character : type Mismatched™);
break;

}

return charVval;

// boolean™ |22 i3 %

boolean objToBool (Object data) {
boolean boolval = false;
int type = getType (data);
switch (type) {

case T_BOOL:
boolVal = ((Boolean) data).booleanValue();
break;

case T_INT: /* int307: & (X false, ZLSMItruez x4 >/
boolVal = ((Integer) data).intValue() != 0;
break;

case T_DOUBLE: /* double’X0.07: 5 X false, T lisMdtruezikd */
boolVal = ((Double) data).doublevValue() !'= 0.0;
break;

case T_CHAR: /* char|3=¥0" 7z 51X false, LS iTtruezikd */
boolVal = ((Character) data).charValue() = "¥0";
break;
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case T_STRING

: /* String®ix " true" /2 Hiftrue, TS EFalserikd */

boolVal = ((String) data).equalslgnoreCase ('true™);

break;
default:

executeError ('Data is not boolean : type Mismatched™);

break;

}

return boolVval;

// String®ZEHT 5

String objToString (Object data) {

String str =

int type = getType (data);
switch (type) {
case T_STRING:

str =

break;
case T_INT:

str =

break;

(String) data;

/* intHIStringIc LM */
((Integer) data).-toString();

case T_DOUBLE: /* double®|IString® iz & #s */

str =
break;
case T_CHAR:
str =
break;
case T_BOOL:
str =
break;
default:
str =
break;

}

return str;

((Double) data).toString();

/* char|IString® |2 ZH#a */

((Character) data).toString();

/* boolean™|IString|(Z 2 */

((Boolean) data).toString();

/* Object™IString iz EH# */
data.toString();
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(11) VSM.java

import ioTools.*;

public class VSM implements Operators, PramMode {
static final int PROCESSORMAX = 10;

static final int MODE = M_EREW; // ARG EE TR

static final boolean FREGP = false; // T L— ALY A ZES (ARVSMTIEARSE )
static VSMLexer lexer; /1 TAIRATRE

static VirtualStackMachine[][] vsm; // Virtual Stack Machine

static InstractionSegment iseq; // Instraction Segment

static DataSegment dseg; // Data Segment

static boolean inParallel; // WHE— R

static int parallelCount;

static int low_processor_i; // Tty PESOTR
static int high_processor_i; // Tty EESD LR
static int low_processor_j;

static int high_processor_j;

static int cntl,cnt2;

static boolean execSW = true; /% A NANTET </
static boolean objOutSW = false; /* BHya— RoRR >/
static boolean objPrtSw = false; /* By — FoER */
static boolean traceSW = false; /* FL—AE—K */
static boolean stateSW = false; /> ETT— 2 DFRR xS
static boolean debugSWw = false; /* TRy TE—R X/
static boolean waitSW = false; /* LAT T HOFITE—R */
static int execTime = 0; /* FATER] >/

static int execSequentialTime = 0; /* DU EATIR */
static int execParallelTime = 0; /* WHVSLHEREATI </
static int execProcessors = 1; /* FEr T a xS
static int execWork = 0; /* FATHEE </

public static void main (String[] args) {
String sourceFile = setUpOption (args);

dseg = new DataSegment (MODE); /* data segment */

lexer = new VSMLexer (sourceFile); /> At </

iseg = lexer.makelseg (debugSW); /* instraction segment */
lexer.inFile.closeFile(); /* FRNIDET LT 7 7 ANVEH LD */
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it (objoutsW) iseg.dump(Q);
it (objPrtsW) iseg.dumpToFile();

it (execsSW) {
vsm = new VirtualStackMachine[PROCESSORMAX][PROCESSORMAX];
for (int i=0; §<PROCESSORMAX; i++){
for (int j=0; jJ<PROCESSORMAX; j++){
vsm[i][J] = new VirtualStackMachine
(iseg, dseg, 1, j, FREGP);

}
startvVsm (0); /> VSMBHLE */
ifT (stateSW) execReport();

else System.out.println (“Execution finishied™);

public static void executeVSM (InstractionSegment is, boolean tsw,
boolean dsw, boolean ssw, boolean wsw) {
dseg = new DataSegment (MODE); /* data segment */
iseg = is;
traceSW
debugSw
stateSW

tsw;

dsw;

SSW;

waitSW = wsw;

it (objoutsW) iseg.dump(Q);
it (objPrtsW) iseg.dumpToFile();

it (execsSW) {
vsm = new VirtualStackMachine[PROCESSORMAX][PROCESSORMAX];
for (int i=0; §<PROCESSORMAX; i++){
for (int j=0; jJ<PROCESSORMAX; j++){
vsm[i][Jj] = new VirtualStackMachine
(iseg, dseg, 1, j, FREGP);

}
startVsm (0); /> VSMBHLE */
if (stateSW) execReport();
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else System.out.println (“Execution finishied™);

static void startVsSM (int startAddr) {
int operator;
vsm[0][0] -setProgramCounter (startAddr);
vsm[0][0] -awake();
inParallel = false;
low _processor_i = 0;
high_processor_i = 0;
low _processor_j = 0;

high_processor_j = 0;

while (true) {
if (waitSW) Console.ReadString();
execTime++;
it (inParallel) {
execParallelTime++;
execWork += high_processor_i-low_processor_i+1;
execWork += high_processor_j-low_processor_ j+1;
boolean reachSyncronous = true;
for (int i=low_processor_i; i<=high_processor_i; i++) {
for (int j=low_processor_j;
J<=high_processor_j; j++){
operator = vsm[i][]j]-execute(traceSW);
it ((parallelCount > high_processor_i+2
&& operator == PARA) || operator == HALT)
executeError ('lllegal operator
on processor "+i, vsm[i][j]-pctr);

i (operator = SYNC) reachSyncronous = false;

}
if(parallelCount == high_processor_i+2) {
if(cntl==0) {
int addr =
vsm[low_processor_i][low_processor_j].pctr+1;
for(int i=low_processor_i;

i<=high_processor_i; i++){
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for(int j=low_processor_j;
J<=high_processor_j; j++){

vsm[1][j]-setProgramCounter(addr);
vsm[i][j]-awake();

}
Yelse {
int addr =
vsm[low_processor_i][low_processor_j].pctr;
for(int i=low_processor_i;
i<=high_processor_i; i++){
for(int j=low_processor_j;
J<=high_processor_j; j++){
vsm[i][j]-setProgramCounter(addr);
vsm[i][j]-awake(Q);

}
}
}
cntl++;
}
if (reachSyncronous) {
int addr =

vsm[low_processor_i][low_processor_j].pctr+1;
if(cnt2==0) {
for (int i=low_processor_i;
i<=high_processor_i; i++) {
for (int j=low_processor_j;
J<=high_processor_j; j++){
vsm[i][j]-setProgramCounter(addr);
vsm[i][j]-awake();

Yelse {

inParallel = false;
high_processor_i= 0;

low _processor_i = 0;
high_processor_j = 0;

low _processor_j = 0;
vsm[0][0] - setProgramCounter (addr);
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vsm[0][0] -awake();
}
cnt2++;
}
if (high_processor_i-low _processor_i+1l > execProcessors){
if(high_processor_j-low _processor_ j+1
> execProcessors){
execProcessors =
(high_processor_i-low_processor_i+1)

*(high_processor_j-low_processor_j+1);

}
} else {

execSequentialTime++;
execWork++;
operator = vsm[0][0]-execute(traceSW);
it (operator == HALT) break;
else if (operator == PARA) {
int addr =
vsm[low_processor_i][low_processor_j].pctr+1;
for (int i=low_processor_i;
i<=high_processor_i; i++) {
for (int j=low_processor_j;
J<=high_processor_j; j++){
vsm[i][j]-setProgramCounter(addr);
vsm[i][j]-awake(Q);

}
if (high_processor_i-low_processor_i+1
> execProcessors){
if(high_processor_j-low_processor_ j+1
> execProcessors){
System.out.printin('a™);
execProcessors =
(high_processor_i-low_processor_i+1);
}
}
} else if (operator == SYNC)

executeError ('lllegal operator on processor 0", vsm[0][0]-pctr);
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}
dseg.set();

static String setUpOption (String[] args) {
int i;
for (i=0; i<args.length; i++) {
if (args[i].charAt(0) == "-") {
if (args[i]-indexOf("c") != -1) stateSW = true;
/> FTT—HDOFRR */
it (args[i]-indexOf("d") !'= -1) debugSW = true;
/* TNy TE—R */
it (args[i]-indexOF("n") 1= -1) execSW = false;
/* T NANVIET xS
it (args[i].indexOf("0") != -1) objOutSW = true;
/* Afjz— ROFRTR */
if (args[i]-indexOF("p") != -1) objPrtsSwWw = true;
/* Ajz— ROFRTR */
it (args[i]-indexOF("t") != -1) traceSW = true;
/* hL—RAE—F */
if (args[i]-indexOF("w") = -1) waitSW = true;
/* AAT v THOFITE—R */
} else break;
}
it (i<args.length) return args[i];

else return "OpCode.asm";

public static void setParallel (int I, int h) {
ifT (parallelCount==0){
low _processor_i = I;

high_processor_i = h;

Yelse{
low _processor_j = I;
high_processor_j = h;
}
inParallel = true;
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static void execReport() {

System.out.printin();

System.out.println (“'Execution time : "+ execTime);
System.out.println ('Sequential time " + execSequentialTime);
System.out.printin ('Parallel time > " + execParallelTime);
System.out.printIn ('Number of procesosrs: " + execProcessors);

int execCost = execTime * execProcessors;

System.out.println (“'Execution cost - " + execCost);
System.out.println (“Execution work time : " + execWork);
System.out.println (""Object code size > " + iseg.size);

int maxStackDepth = vsm[0][0]-stack.maxSp;
for (int i=1; i<PROCESSORMAX; i++){

for (int j=1; j<PROCESSORMAX; j++)

it (maxStackDepth<vsm[i][]j]-stack.maxSp)
maxStackDepth = vsm[i][]j]-stack.maxSp;

}
System._out._println (""Max stack depth " + maxStackDepth);
int maxFrameSize = dseg.size - vsm[0][O]-minFreg;
System.out_println (""Max frame size I " + maxFrameSize);
int FunctionCalls = 0;
for (int i=0; i<PROCESSORMAX; i++){

for (int j=0; j<PROCESSORMAX; j++)

FunctionCalls += vsm[i][]j]-callCtr;

}

System.out.println ('Function calls > " + FunctionCalls);

static void syntaxError (int addr) { /* ETT— */f
System.out.println ('Syntax error at line " + addr);
iseg.print (addr);
System._out._printin();
System.exit (1);

static void syntaxError (String err_mes, int addr) { /* (ko — */
System.out.println ('Systax error at line " + addr);
System.out.println (err_mes);
iseg.print (addr);
System._out._printin();
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System.exit (1);

}

static void executeError (int addr) { /> FATRET S5 — */
System.out.println (“Execute error at line " + addr);
iseg.print (addr);
System._out._printin();
System.exit (1);

}

static void executeError (String err_mes, int addr) { /* FE{7lF=7— */
System.out.println (“Execute error at line " + addr);
System.out.println (err_mes);
iseg.print (addr);
System._out._printin();
System.exit (1);

(12) VSMLexerjava
import java.util_Vector; //-<7 /LM

public class VSMLexer implements Operators {

InputFile inFile; /* InputFileZ 7 ADA L AZ A (N7 7A4V) */

[/ A NG ETIE, A7 7ANVOm0ARE, SHEOMLEITD.
public VSMLexer (String fname) {

IINT)7 7 A% B <

inFile = new InputFile(fname);

public InstractionSegment makelseg (boolean debugSW) {
InstractionSegment iseg = new InstractionSegment (debugSW);
while (true) {
Instraction inst = nextOperator();
if (inst.operator == EOF) break;
iseg.appendCode (inst);
}

for (int i=0; i<iseg.size; i++) iseg.checkAddress(i);
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return iseq;

public Instraction nextOperator() {

int operator = NOP;
int operand = Integ
double doubleOperan
String stringOperan

String str = ;

char c;

// EAE AT 7D
do { ¢ = skipSpace(
} while (c == "¥n%)

if (c == "¥0") oper
else if (Character.
switch (¢) {

case "A":

er .MAX_VALUE;
d = Double.NaN;
d="";

)

/* TR ROA XL —H 25D */

ator = EOF; /* End of file */

isUpperCase (c)) { str = extractWord (c);

if (str.equals (""ADD')) operator = ADD;
if (str.equals("'ADDLHS'))operator=ADDLHS;/* ADDLHS */

else
else
else
else
break

case "B":

if (str.equals (""AND'")) operator = AND;

/* ADD */

/* AND */

if (str.equals (""ASSGN'")) operator = ASSGN; /* ASSGN */

syntaxError (“'Unknown operator : "+str);

if (str.equals (""BEQ'™)) operator = BEQ;

else
else
else
else
else
else
break

case "C-":

if (str.equals ("'BGE')) operator = BGE;
BGT;
BLE;
BLT;
BNE;

if (str.equals ("'BGT'")) operator
if (str.equals (""'BLE")) operator
it (str.equals (""'BLT")) operator
if (str.equals ("'BNE'")) operator

syntaxError (“'Unknown operator : "+str);

if (str.equals (""CALL'™)) operator = CALL;
else if (str.equals (""CASTB')) operator = CASTB; /* CASTB */
else if (str.equals (""CASTC')) operator = CASTC; /* CASTC */
else if (str.equals (""CASTD')) operator = CASTD; /* CASTD */
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else if (str.equals (""CASTI')) operator = CASTIl; /* CASTI */
else if (str.equals (""CASTS')) operator = CASTS; /* CASTS */
else if (str.equals (""COMP'™)) operator = COMP; /* COMP */
else if (str.equals (""COPY')) operator = COPY; /* COPY */
else if (str.equals ("'CSIGN')) operator = CSIGN; /* CSIGN */

else syntaxError ("Unknown operator : "+str);
break;

case "D":
if (str.equals ("'DEC')) operator = DEC; /* DECFR */
else if (str.equals ("'DECDR')) operator = DECFR; /* DECFR */
else if (str.equals ("'DIV'™)) operator = DIV; /* DIV */
else if (str.equals ("'DIVLHS™)) operator=DIVLHS;/* DIVLHS */
else syntaxError ("'Unknown operator : "+str);
break;

case "E":
if (str.equals (""ERROR")) operator = ERROR; /* ERROR */
else syntaxError ("Unknown operator : "+str);
break;

case "H":
it (str.equals (""HALT'™)) operator = HALT; /* HALT */
else syntaxError ("'Unknown operator : "+str);
break;

case "I":
if (str.equals ("INC™)) operator = INC; /* INC */

INCFR; /* INCFR */
else if (str.equals (""INPUT'™)) operator = INPUT; /* INPUT */
else if (str.equals (""INPUTC'™)) operator=INPUTC;/* INPUTC */
else if (str.equals (""INPUTD'™)) operator=INPUTD;/* INPUTD */
else if (str.equals (""INPUTS'™)) operator=INPUTS;/* INPUTS */

else if (str.equals ("INCFR™)) operator

else syntaxError ("Unknown operator : "+str);
break;
case "J":
if (str.equals (""JUMP'™)) operator = JUMP; /* JUMP */
else syntaxError ("'Unknown operator : "+str);
break;
case "L":
if (str.equals ("'LOAD'™)) operator = LOAD; /* LOAD */
else syntaxError ("Unknown operator : "+str);
break;
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case

case

case

case

"MT

if (str.equals ("'MOD')) operator = MOD; /* MOD */
else if (str.equals ("'"MODLHS')) operator=MODLHS;/* MODLHS */
else if (str.equals (""MUL'™)) operator = MUL; /* MUL */
else if (str.equals (""MULLHS')) operator=MULLHS;/* MULLHS */
else syntaxError ("'Unknown operator : "+str);
break;

"N":
if (str.equals ("'"NOP'™)) operator = NOP; /* NOP */
else if (str.equals ("'NOT'™)) operator = NOT; /* NOT */
else syntaxError ("Unknown operator : "+str);
break;

"0":
if (str.equals ("'OR™)) operator = OR; /* OR */

else if (str.equals (""'OUTPUT'™)) operator=0UTPUT;/* OUTPUT */
else if (str.equals(""'OUTPUTB"))operator=0UTPUT;/* OUTPUTB */
else if (str.equals("'OUTPUTC'"))operator=0UTPUTC;/* OUTPUTC */
else if (str.equals("'OUTPUTD'))operator=0UTPUTD;/* OUTPUTD */
else if (str.equals("'OUTPUTL"))operator=0UTPUTL ; /* OUTPUTL */
else if (str.equals("'OUTPUTS'))operator=0UTPUTS;/* OUTPUTS */

else syntaxError ("Unknown operator : "+str);
break;
"PT:
if (str.equals (""PARA™)) operator = PARA; /* PARA */
else if (str.equals ("'POP'™)) operator = POP; /* POP */

else if (str.equals("'POSTDEC'))operator=POSTDEC;/* POSTDEC */
else if (str.equals(""POSTINC'™))operator=POSTINC;/* POSTINC */
else if (str.equals ("'"PREDEC')) operator=PREDEC;/* PREDEC */
else if (str.equals (""PREINC'™)) operator=PREINC;/* PREINC */
else if (str.equals (""PUSH'™)) operator = PUSH; /* PUSH */
else if (str.equals ("'PUSHB')) operator = PUSHB; /* PUSHB */
else if (str.equals ("'"PUSHC')) operator = PUSHC; /* PUSHC */
else if (str.equals ("'"PUSHD')) operator = PUSHD; /* PUSHD */
PUSHI ; /* PUSHI */
PUSHP; /* PUSHP */
PUSHS; /* PUSHS */

else if (str.equals ("'PUSHI')) operator
else if (str.equals ("'PUSHP')) operator
else if (str.equals ("'PUSHS')) operator

else syntaxError ("Unknown operator : "+str);

break;
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case "R":

if (str.equals ("'RAND'™)) operator = RAND;
else if (str.equals ("'RET'™)) operator = RET;
else if (str.equals ("'REMOVE')) operator=REMOVE;/* REMOVE */

else syntaxError ("'Unknown operator : "+str);

break;

case "S":

it (str.equals (""SETFR'")) operator = SETFR;
else if (str.equals ("'SUB™)) operator = SUB;
else if (str.equals ("'SUBLHS')) operator=SUBLHS;/* SUBLHS */

else if (str.equals ("'SYNC'™)) operator = SYNC;
else syntaxError ("Unknown operator : "+str);
break;

case "X":

if (str.equals (""XOR'™)) operator = XOR;

else syntaxError ("Unknown operator : "+str);
break;
default:
syntaxError (‘'Unknown operator : "+str);
break;
}
} else syntaxError (“"lllegal charactor : "+c);

c = skipSpace();

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

operand = extractiIntValue (c);

c = skipSpace();
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if (c 1= "¥n" && c I= "¥0" )
syntaxError ('lllegal character : *"+c);
return new Instraction (operator, operand);
case PUSHD:
doubleOperand = extractDoubleValue (c);
c = skipSpace();
if (c 1= "¥n" && c I= "¥0" )
syntaxError (“lllegal character : "+c);
return new Instraction (operator, doubleOperand);
case PUSHC:
operand = (int) extractChar (c);
c = skipSpace();
if (c 1= "¥n" && c != "¥0" )
syntaxError (lllegal character : *"+c);
return new Instraction (operator, operand);
case PUSHS:
if (c '= "¥"") syntaxError (“'Need string operand');
stringOperand = extractString (c);
c = skipSpace();
if (c 1= "¥n" && c 1= "¥0" )
syntaxError (“lllegal charactor : *"+c);
return new Instraction (operator, stringOperand);
default:
if (c 1= "¥n" && c != "¥0" )
syntaxError ('lllegal charactor : "+c);

return new Instraction (operator);

// CTHE DM EGD
public String extractWord (char c) {
String str = String.valueOf(c);
while (Character.isUpperCase(inFile.nextc)) {
1/ T TS DLTFIERLFDI
c = inFile_nextChar();
str += c;
}

return str;
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// cTHELIBHAERD
public int extractintvValue (char c) {
if (ICharacter.isDigit (c) && c = "-") syntaxError (‘'Need int operand');
String str = String.valueOf (c¢);
while (Character.isDigit (inFile.nextc)) {
c = inFile_nextChar();
str += c;

}

return Integer.parselnt (str);

// cTHEDLFEHERD
public double extractDoublevValue (char c) {
if (ICharacter.isDigit (c) & c = "_." && c 1= "-%)
syntaxError (*‘Need double operand™);
String str = String.valueOf (c¢);
while (Character.isDigit (inFile.nextc) || inFile.nextc == ".") {
c = inFile_nextChar();
str += c;

}

return Double.parseDouble (str);

// cThihE HboolfE%E155
public boolean extractBool (char c) {
String s = String.valueOf(c);
while (Character.isLowerCase(inFile.nextc)
|1 Character.isUpperCase(inFile.nextc)) {
c = inFile_nextChar();
S =s + C;
}
if (s.equalslignoreCase (‘'true')) return true;
else if (s.equalslgnoreCase (‘false'™)) return false;
else syntaxError (“'Need boolean operand™);

return false;
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1/ LFERD CUFBIORMZIZT¥" " CHENLTWD)
public char extractChar (char c) {
it (c '= "¥"") syntaxError (“'Need char
c = inFile_nextChar();
if (c == "¥") {
c = inFile_nextChar();
switch(c) {

case "0":

C = "¥0";

break;
case "b-":

Cc = "¥b";

break;
case "n":

C = "¥n";

break;
case "r":

C = "¥r-;

break;
case "t":

C = "¥t";

break;
case "¥"":

c = "yt

break;
case "¥¥":

C = "W

break;
default:

syntaxError ('lllegal character : ¥¥" + c);

break;

}

operand');

} else if (c == "¥"") syntaxError (“No character™);

inFile.nextChar(Q);

if (inFile.currentc = "¥"") syntaxError ('Need ¥"');

inFile.nextChar(Q);

return c;
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1/ LTI RS CUPPIORTEZIT """ THENL TV D)
public String extractString (char c¢) {
if (c '= "¥"") syntaxError (“'Need string operand');
String str = "
while (inFile.nextc 1= "¥"") {
c = inFile_.nextChar ();
it (c == "¥n") syntaxError ("lllegal end of line
if (c == "¥0") syntaxError (“lllegal end of file
if (c == "¥") {
c = inFile_nextChar();
switch (¢) {

case "0":
C = "¥0";
break;
case "b-":
C = "¥b";
break;
case "n”
c = "¥n*
break;
case "r-*
C = "¥r-
break;
case "t":
c = ¥t
break;
case "¥"":
C = "¥""
break;
case "¥¥":
C = "W
break;
default:
syntaxError (lllegal character :
break;
}
}
str += c;
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inFile.nextChar ;

return str;

}
public char skipSpace() { /* EREAX T */
char c;
do {
c = inFile_nextChar();
if (c == "#7)
do {
c = inFile_nextChar();
} while (c '= "¥n" && c 1= "¥0%);
if (c == "¥n" || ¢ == "¥0") break;
} whille (c == " " |] c == "¥t");
return c;
}
public void syntaxError() { /* Ex T — */
System.out.println ('Systax error at line " + inFile.linenum);
System._out._println (inFile_line);
inFile_.closeFile();
System._exit(1l);
}

public void syntaxError (String err_mes) { /* (kT 7— */
System.out.println ('Systax error at line " + inFile.linenum);
System.out.println (err_mes);
System._out._println (inFile_line);
inFile_closeFile();

System._exit(1l);
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