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A HI| LB (Parallel Processing) & 1%, ® DR Z MBS, ZOREE L0 /NS WHEEOER R
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<Program>::=<Main_fanction>
<Main_fanction>:'= "main” “(” “)”<Block>
<Block>::= “{" { <Var_decl> } { <Statement> } “}”
<Var_decl>::= (“int” | “boolean”) NAME [ “[” INT”]” ]
{7 NAME [“[“INT “]” ] } «”

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

| <Write_statement> | <Writechar statement>

| “f” { <Statement>} “}” | <
<If statement>:= “(" <Expression> )" <Statement>
<While_statement> :: = “while” “(” <Expression> “)” <Statement>
<Assignment>::= <Lefthand_side> “=" <Expression> “;”
<Writeint_statement>::= “writeint” “(” <Expression> “)” «”
<Writechar_statement>::= “writechar””(” <Expression> “)” ¢~
<Lefthand_side>::= NAME | NAME “[” <Expression> “]”
<Expression> ::= <Logical_term> { “| | “ <Logical_term> }
<Logical_term> ::= <Logical_factor> { “&&*“ <Logical_factor> }
<Logical_factor> ::= <Arithmetic_expression>

| <Arithmetic_expression> “==“ <Arithmetic_expression>

“'_“

| <Arithmetic_expression> <Arithmetic_expression>
| <Arithmetic_expression> “<“ <Arithmetic_expression>
| <Arithmetic_expression> “<=“ <Arithmetic_expression>
| <Arithmetic_expression> “>“ <Arithmetic_expression>

| <Arithmetic_expression> “>=“ <Arithmetic_expression>

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

| “-“ <Arithmetic_factor>
<Unsigned_factor> ::= NAME | NAME “[” <Expression> “|“ | INT | CHAR
| “(“<Expression>“)“ | “readint“ | “readchar‘ | “true“ | “false“
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{H8%2 3k o5 SEOE
<Program>::=<Main_fanction>
<Main_fanction>::="main” “(’ “)’<Block>
<Block>::= “{" { <Var_decl> } { <Statement> } “}”
<Var_decl>::= (“int” | “boolean”) NAME [ “[” INT”]” ]
{7 NAME [ “[“INT “]” ] } «”
<Statement>::= <If statement> | <While_statement> | <Para_statement>
| <Assignment>| <Write_statement>
| <Writechar_statement>| “{” { <Statement>} “}” | «”
<If statement>::= “(” <Expression> )" <Statement>
<While_statement> :: = “while” “(” <Expression> “)” <Statement>

“»

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

e

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

99 (Lo

<Writeint_statement>::= “writeint” “(” <Expression> “)”
<Writechar_statement>::= “writechar””(” <Expression> “)” ¢~
<Lefthand_side>::= NAME | NAME “[” <Expressi
<Expression> ::= <Logical_term> { “| | “ <Logical_term> }
<Logical_term> ::= <Logical_factor> { “&&*“ <Logical_factor> }
<Logical_factor> := <Arithmetic_expression>

| <Arithmetic_expression> “==“ <Arithmetic_expression>

“Y_“

| <Arithmetic_expression> <Arithmetic_expression>

| <Arithmetic_expression> “<“ <Arithmetic_expression>

| <Arithmetic_expression> “<=“ <Arithmetic_expression>

| <Arithmetic_expression> “>“ <Arithmetic_expression>

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

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

|7$p” | “(“ <Expression> “)“ | “readint | “readchar® | “true“ | “false“
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ASSGN:
addr = Stack [--SPI;
Dsegladdr] = Stack[SP] = Stack [SP+1];
ADD: BINOPH);
SUM: BINOP(-);
MUL: BINOP(*);
DIV:
If (Stack[SP] == 0)
{
printf(‘Zero divider detected¥n”);
return -2;
H
BINOP(¥);
MOD:
If (Stack[SP] == 0)
{
printf(‘Zero divider detected¥n”);
return -2;
H
BINOP(%);
CSIGN: Stack [SP] = -Stack[SP];
AND: BINOP(&&);
OR: BINOP(] |);
NOT: Stack [SP] = !Stack [SPI;
COPY: ++SP; Stack [SP] = Stack [SP-1];
PUSH: Stack [++SP] = Dsegladdr];
PUSHI: Stack [++SP] = addr;
REMOVE: --SP;
POP:  Dsegladdr] = Stack[SP--];
INC:  Stack [SP] = ++ Stack [SPI;
DEC:  Stack [SP] = -- Stack [SP];
COMP:
Stack [SP-1] = Stack [SP-1] > Stack [SP] ?
Stack [SP-1] < Stack [SP] ? -1 0;
SP--;
BLT: if (Stack [SP--] < 0) Pctr = addr;
BLE: if (Stack [SP--] <= 0) Pctr = addr;

1:
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BEQ:
BNE:
BGE:
BGT:
JUMP:
HALT:

if (Stack [SP--] == 0) Pctr = addr;

if (Stack [SP--] !=  0) Pctr = addr;
if (Stack [SP--] >= 0) Pctr = addr;

if (Stack [SP--] > 0) Pctr = addr;

Pctr = addr;

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];

13
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%,

(1) InputFile.java

(2) Instraction.java

(3) InstractionSegment.java

(4) LexicalAnalyzer.java

(5) Operators.java

(6) Symbol.java

(7) TruthValue.java

(8) Type.java

(9) Var.java

(10) VarTable.java

(11) Pram.java

(1) InputFile.java

import i0Tools.*;

import java.io.*;

public class InputFile {
BufferedReader buffer; /* A7 7 ANLDy T 57 *

String line; I* ANT17 7 AND 11T DLTH] */
int linenum; 1* N7 7 A NDITES *

int columnnum; 1* A7 7 ANDFNEKS *

char currentc; 1% BEFBIA AT ¥

char nextc; [* IRIZFEIRIATe LT */

[¥ a2 A NT 7 X TlE, inputFileName &9 7 7 A V&R X,
FDOT7 7 ANEESH buffer TEMT 5. F72 linenum,
columnnum, currentc, nextc & fJ#{k92 */

public InputFile(String inputFileName) {

buffer = Filelo.fRead(inputFileName);
linenum = 0;

columnnum = 0;

HUNTTT7 7 A VI —{THite

readInputFile();
A D—LF-H Z#H AT, £DOLF% nexte ([THMNT 5.
nextc ="";

14



nextChar();

Ibuffer 76 —1Ttd, SCTFHNEE line (ZFDITEEMNT D A Y v K.
public void readInputFile() {
try {
line = buffer.readLine();
} catch(IOException error_report) {
[* BOARHTT —INFAELTZD, ¥ v F LIS ERRL,
TrANEAL, WBREK T IED ¥
System.out.println(error_report);
closeFile();
System.exit(1);

N7 7 ANEHE DAY v K.
public void closeFile() {
try {
buffer.close();
} catch(IOException error_report) {
System.out.println(error_report);

System.exit(1);

IRDOXF%21G5 A Y > K. ([ 2.7 TIEERT %)
public char nextChar() {
if line ==nulD) { /7 7 A VRITE LT H¥0' %K T,
currentc = nextc;
nextc = '¥0"
return currentc;
} else if (columnnum >= line.lengthQ) { /ATRIZIE L 7= 5¥n'Z KT
readInputFile();
currentc = nextc;
nextc = '¥n";
linenum-++;
columnnum = 0;

return currentc,

15



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

return currentc,

public static void main(String[] args) {
InputFile inFile = new InputFile("bsort.k");
do {
do{//Z® do-while SCIXME 2.7 TOHMERNITH 5.
inFile.nextChar();
System.out.print(inFile.currentc);

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

[ WD 2471, M 2.6 TOHMLERUETHS.
System.out.println(inFile.line);
inFile.readInputFile();

*/

} while(inFile.line != null);

(2) Instraction.java

class Instraction implements Operators {
int operator; /% F_XL—k %
int operand; [*int BUIA~NT R ¥/
double doubleOperand; /* double BIA 7 > R */
String stringOperand; /* String A7 > ¥/
boolean register; [* 7 R v 2ESf */

I A7 Rl a0 a A N7 74
public Instraction (int op) {
operator = op;
operand = Integer. MAX_VALUE;
doubleOperand = Double.NaN;
stringOperand = "";

register = false;

16



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

stringOperand

register = r;

Nint AT o Raffoa0a s A T 7 4
public Instraction (int op, int i) 1

operator = op;

operand = 1;

doubleOperand = Double.NaN;

stringOperand

register = false;

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

stringOperand

register = r;

Il char BUA T o REFOLEE0a A NT 7 4
public Instraction (int op, char c) {

operator = op;

operand = (int) c;

doubleOperand = Double.NaN;

stringOperand

register = false;

public Instraction (int op, char c, boolean 1) 1
operator = op;

operand = (int) c;

17



doubleOperand = Double.NaN;
stringOperand = "";

register = r;

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

register = false;

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

register = r;

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

register = false;

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

register = r;

18



public String toString() {
char c;
switch(operator) {
case PUSH: [*int AT > REFFOLA %/
case PUSHI:
case POP:
case SETFR:
case INCFR:
case DECFR:
case BEQ:
case BNE:
case BLE:
case BLT:
case BGE:
case BGT:
case JUMP:
case CALL:
return opName() + "¥t" + operand + "¥t";
case PUSHC: /* char BUA T > RaRi LA */
¢ = (char) operand;
switch (c) {
case '¥0"
return opName() + "¥t¥'¥¥0¥'¥t";
case '¥b"
return opName() + "¥t¥'¥¥b¥'¥t";
case "¥n"
return opName() + "¥t¥'¥¥n¥'¥t";
case '¥r"
return opName() + "¥t¥'¥¥r¥'¥t";
case '¥t'"
return opName() + "¥t¥'¥¥t¥'¥t";
default:
return opName() + "¥t¥" + ¢ + "¥'¥t";
}
case PUSHD: /* double BUA T o REFOLH */
return opName() + "¥t" + doubleOperand + "¥t";
case PUSHB: /* boolean A7 > K& Fr D6 */
return opName() + (operand != 0);
case PUSHS: /* String B AT o REEFOLE */

19
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String str
for (int i=0; i<stringOperand.length(); i++) {
¢ = stringOperand.charAt(i);
switch (c) {
case '¥0"
str +="¥¥0";
break;
case '¥b"
str += "¥¥b";
break;
case "¥n"
str +="¥¥n";
break;
case '¥r"
str +="¥¥r";
break;
case '¥t'"
str += "¥¥";
break;
default:
str += stringOperand.charAt@);

break;
}
}
return opName() + "¥t¥"" + str + "¥"¥t";
default:
return opName() + "¥t¥t"; [*¥ FXT U REFF IR NGE *
}

I HXT v Ra— Raed T v R4 ITE#R
public String opName() {

switch(operator) {

case NOP: return "NOP " /I no operation
case ASSGN: return "ASSGN ' /[ assign
case ADD: return "ADD " I+

case ADDLHS: return "ADDLHS"; I +=

case SUB: return "SUB " I -

case SUBLHS: return "SUBLHS"; I -=
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case MUL:
case MULLHS:
case DIV

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

case OR:

case NOT:

case XOR:

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

case REMOVE:
case LOAD:
case INC:

case DEC:

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

case BNE:

case BLT:

case BLE:

case BGT:

case BGE:

case CALL:

return "MUL "

return "MULLHS ";

return "DIV "
return "DIVLHS ";
return "MOD "

return "MODLHS ";

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

return "REMOVE ";

return "LOAD ";
return "INC "
return "DEC "
return "PREINC ";
return "PREDEC ";
return "POSTINC";
return "POSTDEC";
return "SETFR ";
return "INCFR ";
return "DECFR ";
return "JUMP ";
return "BEQ "
return "BNE "
return "BLT "
return "BLE "
return "BGT "
return "BGE "
return "CALL "
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I *=

I

1=
1%
11 %=
/] HIH-
/l and

/] or

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

/] ++

I -
/I HiTfE++
I HifE--
Il & E++
Il % & -
/l set frame register
/l inc frame register
/I dec frame register
/l jump
I==?
=72

n<?

<=7

I>?
/>=7?

/] call



case RET: return "RET " /l return

case INPUT: return "INPUT " /[ input integer
case INPUTC: return "INPUTC"; /l input character
case INPUTD: return "INPUTD "; /I input double
case INPUTS: return "INPUTS"; /[ input string

case OUTPUT: return "OUTPUT "; /I output integer
case OUTPUTC: return "OUTPUTC"; /I output character
case OUTPUTD: return "OUTPUTD"; /I output double
case OUTPUTL: return "OUTPUTL"; // output line
case OUTPUTS: return "OUTPUTS"; /[ output string
case CASTT: return "CASTI "; /l cast int

case CASTC: return "CASTC " /I cast char

case CASTD: return "CASTD " I cast double

case CASTB: return "CASTB "; /l cast boolean
case CASTS: return "CASTS " /I cast string;

case RAND: return "RAND "} /I random

case HALT: return "HALT "} /l halt

case PARA: return "PARA " /l parallel

case SYNC: return "SYNC " /I syncronous

case PUSHP: return "PUSHP " /l push processor number
case EOF: return "EOF " /I end of file

default: return "ERROR " /I error

b

(3) InstractionSegment.java

import ioTools.*; //7 7 A v A J1H
import java.io.*; //7 7 A /L ANHIIH
import java.util.ArrayList; //ArrayList ZLE H

public class InstractionSegment implements Operators 1

ArrayList iseg;
int isegPtr;

int size;

boolean debugSW;

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

isegPtr = 0;

size = 0;

debugSW = dsw;

/l Iseg |Z Instraction a4 &2 Nz 5

public int appendCode (Instraction inst) {

if (size =

} else {

}

= isegPtr) {

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

size++;

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

iseg.add (isegPtr, inst);

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

isegPtr++;

return isegPtr-1;

I Tseg \ZA T v RIELMBEMZD

public int appendCode (int operator) {

if (size =

} else {

= isegPtr) {

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

size++;

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

inst.operand = Integer. MAX_VALUE;
inst.doubleOperand = Double.NaN;
inst.stringOperand = "";
inst.register = false;

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

return isegPtr-1;

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

return isegPtr-1;

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

size++;
} else {

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

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

return isegPtr-1;
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public int appendCode (int operator, int operand, boolean register) {
if (size == isegPtr) {
Instraction inst = new Instraction (operator, operand, register);
if (debugSW) System.out.println (isegPtr+": "+inst);
iseg.add (inst);

size++;
} else {

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

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

return isegPtr-1;

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

size++;
} else {

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

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

return isegPtr-1;

public int appendCode (int operator, double doubleOperand, boolean register) {

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

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

replace (isegPtr, inst, operator, Integer MAX VALUE, doubleOperand, ",

25



register);

}

isegPtr++;

return isegPtr-1;

/I Iseg IZ String 7!

AT v Rtz A %

public int appendCode (int operator, String stringOperand) {

if (size =

} else {

stringOperand, false);
}

= isegPtr) {

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

size++;

Instraction inst = ((Instraction) iseg.get (isegPtr));
replace (isegPtr, inst, operator, Integer MAX VALUE, Double.NaN,

isegPtr++;

return isegPtr-1;

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

if (size =

} else {

stringOperand, register);

}

= isegPtr) {

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

iseg.add (inst);

size++;

Instraction inst = ((Instraction) iseg.get (isegPtr));
replace (isegPtr, inst, operator, Integer MAX VALUE, Double.NaN,

isegPtr++;

return isegPtr-1;

public int operator (int addr) { [* AR L—H EiRd */
if (addr < 0 | | addr >= size)

26



executeError("Illegal iseg address ", addr);

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

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

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

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

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

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

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

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

public boolean register (int addr) { /* L ¥ A X %K */
if (addr <0 | | addr >= size)
executeError("Illegal iseg address ", addr);

return ((Instraction) iseg.get (addr)).register;
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I BT THOT RV AEF =
public void checkAddress (int addr) {
Instraction inst = (Instraction) iseg.get(addr);
switch(inst.operator) {
case JUMP:
case BEQ:
case BNE:
case BLT:
case BLE:
case BGT:
case BGE:
case CALL:
if(inst.operand < 0 | | inst.operand >= size)
syntaxError ("Illegal iseg address : " + inst, addr);
break;
default:
break;

Il BELZT FLADOMmE 2 ER
public void print (int addr) {;
System.out.print(addr + ": " + (Instraction) iseg.get (addr));

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

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

Il Iseg &7 7 4V N7 7 A M)
public void dump2file() {
PrintWriter outputFile = FileIo.fWrite ("OpCode.asm", false);
for (int i=0; i<isegPtr; i++)
outputFile.println ((Instraction) iseg.get (i));
outputFile.close();
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Il Iseg Z#HEE LT 7 7 A4 NMITHIT)
public void dump2file (String fileName) {
PrintWriter outputFile = Filelo.fWrite (fileName, false);
for (int i=0; i<isegPtr; i++)
outputFile.println ((Instraction) iseg.get (i));
outputFile.close();

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

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

[l addr FHOMBD AXL—%, 4~XF K % operator, operand (ZZE T 5
public void replaceCode (int addr, int operator, int operand) {
Instraction inst = ((Instraction) iseg.get (addr));

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

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

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

[l addr &H OO AL —%, X7 K % operator, doubleOperand (ZEFH 3%
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);

29



/l addr FHOMBTDAT K % doubleOperand (ZEH T 5
public void replaceCode (int addr, double doubleOperand) {
Instraction inst = ((Instraction) iseg.get (addr));
replace (addr, inst, inst.operator, Integer MAX VALUE, doubleOperand, ",

inst.register);

}

/l addr FHOMBTD AXL—%, 47 K % operator, stringOperand (ZEHE T 5
public void replaceCode (int addr, int operator, String stringOperand) {
Instraction inst = ((Instraction) iseg.get (addr));
replace (addr, inst, operator, IntegerMAX VALUE, Double.NaN, stringOperand,

inst.register);

}

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

inst.register);

}

/I addr #&H DOfm % inst IZEET D

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

H

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

H
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void executeError (String err_mes, int addr) {  /* FE{7HF= T — */
System.out.println ("Execute error at line " + addr);
System.out.println (err_mes);
System.out.println ((Instraction) iseg.get (addxr));
System.exit (1);

(4) LexicalAnalyzer.java

public class LexicalAnalyzer implements Symbol {

int ttype; [* h—2 @R ¥
int value; I* BEOGEEDE LFOHBEFa— R ¥
String name; I* B OYEE DR *]

String string; I* CFHNOGEE DX FHB T *]

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

N2 A LT 25T, AT 7 A NOFARL, EFIMEEAT 5.
public LexicalAnalyzer(String fname) {
A7 7 A V% B <

inFile = new InputFile(fname);

17 4 —v ROH#EE
value = 0;
name = null;

string = null;

}
public int nextToken( { [* TR RD h—2T U EED ¥/
ttype = S_NULL;
char ¢;
do { [* ZEHq AKX v ¥
¢ = inFile.nextChar();
Ywhile(c==""|| c=="¥t' | | ¢ =="¥n");
if (c == "¥0") ttype = S_EOF; /* End of file */
else if (c =='0") { [* 75 UgRE(0) */
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value = 0;

ttype = S_INTEGER;
} else if (Character.isDigit(c)) { [* Ry UREEL %/
value = extractIntValue(c);
ttype = S_INTEGER;
} else if (Character.isLowerCase(c) | | Character.isUpperCase(c)
|| e==""1
String str = extractWord(c);

switch (¢) {

case 'b"

break;

case 'f":

break;

case 1"

break;

case 'm"

break;

case 'p"

if (str.equals("boolean")) ttype = S_BOOLEAN;/* boolean */
else ttype = S_NAME; 1* B4 ¥

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

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

else if (str.equals("int") ttype = S_INT;  /* int */

else ttype = S_NAME; 1* I
if (str.equals("main")) ttype = S_MAIN; /* main */

else ttype = S_NAME; 1* B

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

break;

case 'r':

if (str.equals("readint")) ttype = S_READINT;/* readint */

/* readchar */

else if (str.equals("readchar")) ttype =
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else ttype = S_NAME; 1* B4 ¥

break;
case 's"
if (str.equals ("String")) ttype = S_STRING; /* String */
else ttype = S_NAME; 1* B4 ¥
break;
case 't"
if (str.equals("true") ttype = S_TRUE; /* true */
else ttype = S_NAME; 1* B4 ¥
break;
case 'w"
if (str.equals("while")) ttype = S_WHILE; /* while */
else if (str.equals ("write")) ttype = S_WRITE; /* write */
else if (strequals ("writedouble") ttype = S_WRITEDOUBLE;
/* writedouble */
else if  (str.equals ("writechar")) ttype = S_WRITECHAR;
/* writechar */
else if (str.equals ("writeint")) ttype = S_WRITEINT; *
writeint */
else if  (str.equals ("writechar")) ttype = S_WRITECHAR;
/* writechar */
else if (str.equals ("writeln")) ttype = S_WRITELN; *
writeln */
else if (str.equals ("writestr")) ttype = S_WRITESTR; *
writestr */
else ttype = S_NAME; 1* I
break;
default:
ttype = S_NAME; 1* R
break;
J
name = str;
} else {

switch(c) {

case '(:
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ttype = S_LPAREN;
break;

case )"
ttype = S_RPAREN;
break;

case '{"
ttype = S_LBRACE;
break;

case 'f"
ttype = S_RBRACE;
break;

case '["
ttype = S_LBRACKET;
break;

case '|"
ttype = S_RBRACKET;
break;

case',"
ttype = S_COMMA;
break;

case ;"
ttype = S_SEMICOLON;
break;

case '+"
ttype = S_ADD;
break;

case '-"
ttype = S_SUB:;
break;

case "*"

ttype = S_MUL;

break;

case '/
ttype = S_DIV;
break;

case '%"
ttype = S_MOD:;
break;

case '="

(%

%) */

1*{*

%}/

1*[*

%1%

1%, %l

%5 %

[+ %

- ¥

/***/

I* 1%

1* % */
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if (inFile.nextc =='=") {
inFile.nextChar(;
ttype = S_EQUAL;
} else ttype = S_ASSIGN;
break;
case '<"
if (inFile.nextc == '=") {
inFile.nextChar(;
ttype = S_LESSEQ;
} else ttype = S_LESS;
break;
case ">"
if (inFile.nextc == '=") {
inFile.nextChar(;
ttype = S_GREATEQ;
} else ttype = S_GREAT;
break;
case '!"s
if (inFile.nextc == '=") {
inFile.nextChar(;
ttype = S_NOTEQ;
} else ttype = S_NOT;
break;
case '&"
if(inFile.nextc =='&") {
inFile.nextChar(;
ttype = S_AND;
} else syntaxError(;
break;
case '|"
if (inFile.nextc =="|") {
inFile.nextChar(;
ttype = S_OR;
} else syntaxError();
break;
case "¥'"

¢ = inFile.nextChar();

if (¢ !="'¥" && inFile.nextc == "¥") {

inFile.nextChar();
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ttype = S_CHARACTER;
value = (int) ¢;

} else syntaxError();

break;

AALA

case
String str ="";
¢ = inFile.nextChar();
while (c !="¥") {
str +=c¢;

¢ = inFile.nextChar();

}

ttype = S_STR;

string = str;

break;

case '$"

if (inFile.nextc == 'p") { I $p */

inFile.nextChar();
ttype = S_PROCESSOR;

} else syntaxError();
break;

default:
syntaxError();
break;

}

return ttype;

public int extractIntValue(char c) { [*c THE DB ESD ¥/
int v = Character.digit(c, 10); [* SUF- 2 BRI AN )
while (Character.isDigit(inFile.nextc)) {
¢ = inFile.nextChar();
v =v * 10 + Character.digit(c, 10);
}

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

return s;

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

System.exit(1);

(5) Operators.java

interface Operators {

static final int NOP = 0; //no operation
static final int ASSGN = 1; //assign
static final int ADD = 2 /l+
static final int ADDLHS = 3; //+=
static final int SUB = 4 /-

static final int SUBLHS = 5; //-=
static final int MUL = 6 [/*
static final int MULLHS = 7; //*=
static final int DIV = & [/l

static final int DIVLHS = 9; ///=
static final int MOD =10, /1%

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

static final int AND =13; //and
static final int OR =14; //or
static final int NOT =15; // not
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static final int XOR =16; // exclusive or
static final int COMP =17; [/ comp

static final int COPY =18; [/ copy

static final int PUSH =19; // push

static final int PUSHI = 20; // push integer
static final int PUSHC =21; // push character
static final int PUSHD  =22; // push double
static final int PUSHB =23; // push boolean
static final int PUSHS  =24; // push string
static final int REMOVE = 25; // remove
static final int LOAD =26; //load

static final int POP =27; Il pop

static final int INC =28; /++

static final int DEC =29; /-

static final int PREINC = 30; // RijiE++
static final int PREDEC =31; // Rij{&--

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

static final int POSTDEC = 33; // 1% --

static final int SETFR = 34; // set frame register
static final int INCFR = 35; //inc frame register
static final int DECFR = 36; // dec frame register
static final int JUMP =37 //jump

static final int BLT =38, /I<?

static final int BLE =39 [/I<=?

static final int BEQ =40, /[==7?

static final int BNE =41; /I!=7?

static final int BGE =42; [[>7?

static final int BGT =43; [[>=7?

static final int CALL =44; [/ call

static final int RET =45; [/l return

static final int INPUT = 46; //input integer
static final int INPUTC =47; //input character
static final int INPUTD =48; //input double
static final int INPUTS =49; //input string
static final int OUTPUT =50; // output integer

static final int OUTPUTC = 51;
static final int OUTPUTD = 52;
static final int OUTPUTB = 53;
static final int OUTPUTS = 54;

/I output character
/I output double
/l output boolean

/l output string
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static final int OUTPUTL = 55;
static final int CASTI = 56;

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

static final int PARA  =63;

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

(6) Symbol.java

interface Symbol {
static final int S_ERROR = -1;
static final int S_NULL = 0;
static final int S_MAIN = 1;
static final int S_IF = 2;
static final int S_ELSE = 3;
static final int S_WHILE = 4;
static final int S_FOR = 5;
static final int S_DO = 6;

static final int S_READINT = 7;
static final int S_ READCHAR =
static final int S READDOUBLE = 9;
static final int S_ READSTR = 10;

static final int S_WRITE = 11;

static final int S_WRITEINT = 12;
static final int S_ WRITECHAR = 13;

/l output line
/I cast to integer;
/I cast to char;
/I cast to double;
/I cast to boolean;
/I cast to string;
/l random
/[ halt
// parallel
/I synchronous
// push processor number
/I end of file

/I error

/* main */
[*af */
I* else */
/* while */
I* for */
/* do */
/* readint */
/* readchar */
I* readdouble */
/* readstr */

/* write */

8;

/* writeint */

/* writechar */

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

static final int S_ WRITESTR =

static final int S_ WRITELN = 16;

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

15,  /* writestr */
/* writeln */
/* rand */
/*int */

/* char */
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static final int S_ BOOLEAN = 20; /* boolean */
static final int S_ DOUBLE = 21; /* double */
static final int S_STRING = 22; /* String */

static final int S_EQUAL = 23; [*=="%*
static final int S_NOTEQ = 24; [*1=%*
static final int S_LESS = 25; [*<*
static final int S_GREAT = 26; [ >*

static final int S_LESSEQ = 27; [* <=*[
static final int S_GREATEQ = 28; [*>=%*

static final int S_AND = 29; I* && */
static final int S_OR = 30; 11 *
static final int S_NOT = 31; [V
static final int S_ADD =32; [*+*/
static final int S_SUB = 33; [* =%
static final int S_MUL = 34; [ %
static final int S_DIV = 35; I* 1%
static final int S_MOD = 36; I* % */

static final int S_ASSIGN = 37; [* =%
static final int S_ADDLHS = 38; [* 4=/
static final int S_SUBLHS = 39; [* =%/
static final int S_MULLHS = 40; [* *=*]
static final int S_DIVLHS = 41; I* =%
static final int S_MODLHS = 42; I* %="*/
static final int S_INC = 43; [ ++ %/
static final int S_DEC = 44; [* - %
static final int S_SEMICOLON = 45; /*;*/
static final int S_LPAREN = 46; 1% (*/
static final int S_RPAREN = 47; %) *|
static final int S_LBRACE = 48; [*{*]
static final int S_RBRACE = 49; [}/
static final int S_LBRACKET = 50; /* [ */
static final int S_ RBRACKET =51; /*] %/
static final int S_COMMA = 52; /*, */
static final int S INTEGER = 53; [* FEE */
static final int S CHARACTER =54; /¥ & */

static final int S_ NAME = 55; 1* B4 *
static final int S TRUE = 56; /* true */
static final int S FALSE = 57; /* false */

static final int S DOUBLEVAL = 58; /* FE$ */
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static final int S_ STR= 59; [* 3CFE]*
static final int S_PARALLEL = 60;  /* parallel */
static final int S_PROCESSOR = 61; /* $p */
static final int S_EOF = 255; /* end of file */

(7) TruthValue.java

interface TruthValue{
static final int V_TRUE = 1;
static final int V_FALSE = 0;

(8) Type.java

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

(9) Var.java

public class Var {

int type; [*BU*]

String name; 1 R

int address; [ EYYBTHENDLT RLR ¥
int size; I* BV D65 % DY A ¥

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

name = n;
address = a;
size = s;
J
}
(10) VarTable.java

import java.util.Vector;

public class VarTable {
Vector vt;

int nextAddress;

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

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

return true;

public boolean exist(String n) { I* BEFOERTH D0 */
for(int i=0; i<vt.size(); i++)
if(n.equals(((Var)vt.get(i)).name)) return true;

return false;

public int getAddress(Stringn) {  /* ENOLEHOT RL2A%2H55 */
int 1;
for(i=0; i<vt.size(; i++)
if(n.equals(((Var)vt.get(i)).name)) break;
if(i == vt.size() return -1; /* RIFELRWEGE */
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else return ((Var)vt.get(i)).address;

}
public int getType(String n) { [* BNOEROMZGD */
int 1;
for(i=0; i<vt.size(; i++)
if(n.equals(((Var)vt.get(i)).name)) break;
if(i == vt.size() return -1; /* RITFELRWGE */
else return ((Var)vt.get(i)).type;
}
public int getSize(String n) 1 [* BNOEEDOYA X &M *
int 1;
for(i=0; i<vt.size(; i++)
if(n.equals(((Var)vt.get(i)).name)) break;
ifi == vt.size() return -1; /* RITFELRWGE */
else return ((Var)vt.get(i)).size;
}

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

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

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

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

);

(11) Pram.java

import 10Tools.*;
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public class Pram implements Operators, Symbol, Type, TruthValue {
static LexicalAnalyzer lexer;
static VarTable vt;

static InstractionSegment iseg;
static boolean inParallel; //AFAALER DA 4 % {5 FF

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

System.exit(1);

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

iseg = new InstractionSegment(false);

lexer.nextToken();
inParallel = false;

parseProgram();

lexer.inFile.closeFile();

if(args.length == 1){
iseg.dump2file();

telse {
iseg.dump2file(args[1]);

I 7v27Z 53
public static void parseProgram({
if (lexer.ttype==S_MAIN) lexer.nextToken();
else syntaxError("Need main");

parseMain_function();
iseg.appendCode(HALT);
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I A A3
public static void parseMain_function() {
if (lexer.ttype==S_LPAREN) lexer.nextToken();
else syntaxError("Need (");
if (lexer.ttype==S_RPAREN) lexer.nextToken();

else syntaxError("Need )");

parseBlock();

I 7wy 73
public static void parseBlock({
if (lexer.ttype==S_LBRACE) lexer.nextToken();

else syntaxError("Need {");

while (Iexer.ttype==S_INT| |lexer.ttype==S_BOOLEAN){
parseVar_decl();

while (lexer.ttype!=S_RBRACE){

parseStatement();

lexer.nextToken();

Il EBESE
public static void parseVar_declO{
int type=0;
String name = "";
int size = 1;
if (lexer.ttype==S_INT| |lexer.ttype==S_BOOLEAN){
type = lexer.ttype;
if(type==S_INT)type=T_INT;
if(type==S_BOOLEAN)type=T_BOOL;
lexer.nextToken();

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

telse syntaxError();

if (lexer.ttype==S_LBRACKET) {
if(type==T_INT)type=T_ARRAYOFINT;
if(type==T_BOOL)type=T_ARRAYOFBOOL;

lexer.nextToken();

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

telse syntaxError();

if (lexer.ttype==S_RBRACKET) lexer.nextToken();
else syntaxError("Need 1");
H

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

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

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

telse syntaxError();

if (lexer.ttype==S LBRACKET){
if(type==T_INT)type=T_ARRAYOFINT;
if(type==T_BOOL)type=T _ARRAYOFBOOL;
lexer.nextToken();
if (lexer.ttype==S_INTEGER){
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size=lexer.value;
lexer.nextToken();

telse syntaxError();

if (lexer.ttype==S_RBRACKET) lexer.nextToken();
else syntaxError("Need 1");

}

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

syntaxError();

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

else syntaxError();

/IStatement SLDAERK
public static void parseStatement({
switch (lexer.ttype)t
case S_IF:
parself_statement();
break;

case S_WHILE:
parseWhile_statement();
break;

case S_NAME:
parseAssignment();
break;

case S_FOR:
parseFor_statement();
break;

case S WRITE: /* writeint 3C */

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

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

case S WRITEDOUBLE: /* writedouble 3C */
parseWritedouble_statement();

break;

case S_LBRACE:

lexer.nextToken();

while (Iexer.ttype!=S_RBRACE) {
parseStatement();

}

if (lexer.ttype==S_RBRACE) lexer.nextToken();
else syntaxError("Need }");
break;

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

case S_PARALLEL:
parseParallel_statement();

break;

case S_PROCESSOR:

parseExpression();
if (lexer.ttype != S_SEMICOLON) syntaxError ("Need ;");
lexer.nextToken();
break;
default:
syntaxError();
break;
}
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/[Parallel 3L

public static void parseParallel_statement({
if (inParallel) syntaxError("Not Ready Parallel");
inParallel = true;
if (lexer.nextToken() != S_LPAREN) syntaxError ("Need (");
lexer.nextToken();
parseExpression();
if (lexer.ttype !'= S_COMMA) syntaxError ("Need ,");
lexer.nextToken();
parseExpression();
if (lexer.ttype != S_RPAREN) syntaxError ("Need )");
lexer.nextToken();
iseg.appendCode (PARA);
parseStatement();
iseg.appendCode (SYNC);

inParallel = false;

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

else syntaxError();

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

if (lexer.nextToken() = S_SEMICOLON) {
parseExpression(); 1* I */
System.out.println(lexer.value);
if (lexer.ttype != S_SEMICOLON) syntaxError ("Need ;");

/¥ if (lexer.ttype == S_SEMICOLON) parseExpression();
else syntaxError ("Need ;");
*/
int ad1=iseg.isegPtr;

ktest = parseExpression();

49



if (ktest!=T_BOOL)}{

syntaxError();

/* if (lexer.ttype == S_SEMICOLON) parseExpression();
else syntaxError ("Need ;");
*/
parseStatement();
if (lexer.ttype==S_RPAREN) lexer.nextToken();

else syntaxError("Need )");

int ad2=iseg.appendCode(BEQ);

parseStatement();

iseg.appendCode(JUMP,ad1);

iseg.replaceCode(ad2,iseg.isegPtr); //IBEQ D3I 7 KL A2 E Xz 5

ITE SCOVERL
public static void parself statement({
int ktest=-1;
if (lexer.ttype==S_IF) lexer.nextToken();

else syntaxError();

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

else syntaxError();

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

syntaxError();

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

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

parseStatement();

iseg.replaceCode(ad,iseg.isegPtr);
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/[While SLOAERL
public static void parseWhile_statement({
int ktest=-1;
if (lexer.ttype==S_WHILE) lexer.nextToken();

else syntaxError();

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

else syntaxError();

int ad1=iseg.isegPtr;

ktest=parseExpression();

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

}

if (lexer.ttype==S_RPAREN) {

lexer.nextToken();
}

else syntaxError();

int ad2=iseg.appendCode(BEQ);

parseStatement();

iseg.appendCode(JUMP,ad1);

iseg.replaceCode(ad2,iseg.isegPtr); /IBEQ D37 KL A2 E Xz 5

//Assignment 3L DERK,
public static void parseAssignment({
int ktest1=-1;
int ktest2=-1;
ktest1=parseLefthand_side();
if (lexer.ttype==S_ASSIGN) lexer.nextToken();

else syntaxError();

ktest2=parseExpression();
if((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
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(ktest2==T_INT | | ktest2==T_ARRAYOFINT))}{
}
else if((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T_ARRAYOFBOOL)){
telse {

syntaxError();

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

else syntaxError();

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

}
/Write SLDVERL
public static void parseWrite_statement(1
int ktest=-1;

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

else syntaxError();

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

else syntaxError();

ktest=parseExpression();

if(ktest != T_INT && ktest !=T_CHAR
&& ktest = T_DOUBLE && ktest !=T_BOOL
&& ktest = T_STRING && ktest = T_ARRAYOFINT
&& ktest '= T_ARRAYOFCHAR)!

syntaxError();

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

else syntaxError();

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

else syntaxError();

switch (ktest) {
case T_INT:
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case T_ARRAYOFINT:

iseg.appendCode (OUTPUT);
break;

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

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

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

case T_STRING:
iseg.appendCode (OUTPUTS);
break;

default:
syntaxError ("Type mismatched");

break;
}
h
/Writeint SLDERL
public static void parseWriteint_statement({
int ktest=-1;

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

else syntaxError();

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

else syntaxError();
ktest=parseExpression();

if(ktest!=T_INT && ktest!=T_CHAR && ktest!=T_DOUBLE)}{

syntaxError();

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

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

/Writechar SCDERL
public static void parseWritechar_statement({
int ktest=-1;
if (lexer.ttype==S_WRITECHAR) lexer.nextToken();

else syntaxError();

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

else syntaxError();

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

syntaxError();

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

else syntaxError();

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

/Writedouble 3L DERL
public static void parseWritedouble_statement(){
int ktest=-1;
if (lexer.ttype==S_WRITECHAR) lexer.nextToken();

else syntaxError();

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

else syntaxError();

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

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

else syntaxError();

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

public static int parseLefthand_side({
int ktest=-1;

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

telse syntaxError();

if (lexer.ttype==S_LBRACKET) {
parseLefthand_side2(ktest);
Jelse {
if(ktest==T_ARRAYOFINT | | ktest==T_ARRAYOFBOOL){

syntaxError();

}

return ktest;

public static void parseLefthand_side2(int ktest)t
if(lexer.ttype==S_LBRACKET){
if(ktest==T_INT | | ktest==T_BOOL){

syntaxError();
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lexer.nextToken();

} else syntaxError();

parseExpression();

iseg.appendCode(ADD);

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

}

else syntaxError();

//Expression OERL
public static int parseExpression() {
int ktest1=-1;
int ktest2=-1;
ktest1=parseLogical_term();

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

else syntaxError();

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

return ktest1;

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

lexer.nextToken();

ktest2=parseLogical_factor();
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if((ktest1==T_INT | | ktest1==T_ARRAYOFINT) | |
(ktest2==T_INT | | ktest2==T_ARRAYOFINT)){
syntaxError();
J
iseg.appendCode(AND);
H

return ktest1;

public static int parseLogical_factor({

int betype =-1;
int pctr =0;
int ktestl =-1;
int ktest2 = -1;
ktestl=parseArithmetic_expression();
betype=lexer.ttype;
if(betype==S_EQUAL/| | betype==S_NOTEQ| | betype==S_LESS| |
betype==S_LESSEQ| | betype==S_GREAT| | betype==S_GREATEQ){
switch (betype){
case S_EQUAL:
lexer.nextToken();
ktest2=parseArithmetic_expression();
if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))| |
((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T_ARRAYOFBOOL)))==false){
syntaxError(;
} else {
ktest1=T_BOOL;
H
pctr = iseg.appendCode(COMP);
iseg.appendCode(BEQ,pctr+4);
break;

case S_NOTEQ:
lexer.nextToken();
ktest2=parseArithmetic_expression();
if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
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(ktest2==T_INT | | ktest2==T_ARRAYOFINT))| |
((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T ARRAYOFBOOL)))==false){
syntaxError();
} else {
ktest1=T_BOOL;
H
petr =iseg.appendCode(COMP);
iseg.appendCode(BNE, pctr+4);
break;

case S_LESS:
lexer.nextToken();
ktest2=parseArithmetic_expression();
if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))| |
((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T_ARRAYOFBOOL)))==false) {
syntaxError(;
} else {
ktest1=T_BOOL;
H
petr =iseg.appendCode(COMP);
iseg.appendCode(BLT,pctr+4);
break;

case S_LESSEQ:
lexer.nextToken();
ktest2=parseArithmetic_expression();
if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))| |
((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T_ARRAYOFBOOL)))==false){
syntaxError(;
} else {
ktest1=T_BOOL;
H
petr =iseg.appendCode(COMP);
iseg.appendCode(BLE,pctr+4);
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break;

case S_GREAT:
lexer.nextToken();
ktest2=parseArithmetic_expression();
if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))| |
((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T_ARRAYOFBOOL)))==false) {
syntaxError();
} else {
ktest1=T_BOOL;
H
petr =iseg.appendCode(COMP);
iseg.appendCode(BGT,pctr+4);
break;

case S_GREATEQ:
lexer.nextToken();
ktest2=parseArithmetic_expression();
if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))| |
((ktest1==T_BOOL | | ktest1==T_ARRAYOFBOOL) &&
(ktest2==T_BOOL | | ktest2==T_ARRAYOFBOOL)))==false){
syntaxError(;
} else {
ktest1=T_BOOL;
H
petr =iseg.appendCode(COMP);
iseg.appendCode(BGE,pctr+4);
break;

default:

break;
}
iseg.appendCode(PUSHI, 0);
iseg.appendCode(JUMP,pctr+5);
iseg.appendCode(PUSHI, 1);
}
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return ktest1;

public static int parseArithmetic_expression(t

int betype=-1;

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

ktestl=parseArithmetic_term();

betype=lexer.ttype;
while (lexer.ttype==S_ADD | | lexer.ttype==S_SUB) {
switch (betype) 1

case S_ADD:

lexer.nextToken();

ktest2=parseArithmetic_term();

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

syntaxError();

J

iseg.appendCode(ADD);

break;

case S_SUB:

lexer.nextToken();

ktest2=parseArithmetic_term();

if(((ktest1==T_INT | | ktest1==T_ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T _ARRAYOFINT))==false){

syntaxError();
}
iseg.appendCode(SUB);
break;
default:
break;
J

}

return ktest1;

public static int parseArithmetic_term( {
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int betype=-1;
int ktestl =-1;
int ktest2 = -1;
ktest1=parseArithmetic_factor();
betype=lexer.ttype;
while (lexer.ttype==S_MUL | | lexer.ttype==S_DIV | | lexer.ttype==S_MOD)
{
switch (betype)
{
case S_MUL:

lexer.nextToken();

ktest2=parseArithmetic_factor();

if(((ktest1==T_INT | | ktest1==T _ARRAYOFINT) &&
(ktest2==T_INT | | ktest2==T_ARRAYOFINT))==false)
{

syntaxError(;

}

iseg.appendCode(MUL);

break;

case S_DIV:

lexer.nextToken();

ktest2=parseArithmetic_factor();
if((ktest1!=T_INT && ktest1!=T _ARRAYOFINT) | |
(ktest2!=T_INT && ktest2!=T _ARRAYOFINT))
{
syntaxError(;
}
iseg.appendCode(DIV);
break;

case S_MOD:

lexer.nextToken();

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

syntaxError();

J
iseg.appendCode(MOD);
break;

default:
break;
J

}

return ktest1;

public static int parseArithmetic_factor() {
int ktest = -1;
switch (lexer.ttype) {
case S_NOT:

lexer.nextToken();

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

case S_SUB:

lexer.nextToken();

ktest=parseArithmetic_factor();
iseg.appendCode(CSIGN); 55525 HA
break;

default:
ktest=parseUnsigned_factor();

}

return ktest;

public static int parseUnsigned_factor({

String name = "";
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int ktest = -1;

switch (lexer.ttype) {
case S_NAME:
name = lexer.name;
ktest=vt.getType(name);
if(vt.exist(name)==false){
syntaxError();
}
iseg.appendCode(PUSHI,vt.getAddress(name));

lexer.nextToken();

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

H

iseg.appendCode(LOAD);

break;

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

case S_ CHARACTER: [* SCFIRIES ¥/
ktest=T_INT;
iseg.appendCode(PUSHI, lexer.value);
lexer.nextToken();
break;

case S_STR: [* 3CFH| %]
ktest = T_STRING:
iseg.appendCode (PUSHS, lexer.string);
lexer.nextToken();
break;

case S_LPAREN:
lexer.nextToken();

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

telse syntaxError();

break;

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

case S READCHAR: /* readchar */
ktest = T_INT;
iseg.appendCode(INPUTC);
lexer.nextToken();
break;

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

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

case S_PROCESSOR: /* $p */
ktest = T_INT;
iseg.appendCode (PUSHP);

lexer.nextToken();

break;

default:
syntaxError();
break;
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}

return ktest;

public static void parseUnsigned_factor2(int ktest){
if (lexer.ttype==S_LBRACKET) {
if(ktest==T_INT | | ktest==T_BOOL){
syntaxError();
}
lexer.nextToken();
} else syntaxError();

parseExpression();

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

} else syntaxError();

iseg.appendCode(ADD);

Il 3Ex 7 —

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

System.exit(1);

[* LT —F—"—nm— R
Bz b5y eRKnr LTI —
*/
static void syntaxError(String err_mes) {
System.out.println ("Systax error at line " + lexer.inFile.linenum);
System.out.println (err_mes);
System.out.println (Iexer.inFile.line);
lexer.inFile.closeFile();

System.exit (1);
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