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2.1 PRAM O (Parallel Random Access Machine)

0 1000000000000000D00000000000C0DODOO0D0D0D000O0O0OO0O (Shared
Memory Parallel Computer) 000 0000000000000 000OOOOOODOOOOOOOOOO
000000000 (PRAM ,Parallel Random Access Machine) 0D OORAMOOOO PRAMOOODO
gooooobooobooooooboooboboooboobooobooboooOoboDbOobooLbDOn
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0000000 oooooooooooo0oo0o0o00o0ooooooooon0 PRAMOOOOOOOO
00000000000000000000000000000000000000000PRAMOOOO
gobooooobooboobooboobooooboobboooboobboboobbOoboobbOon
0000oooooo PRAMOOOOOOOOOO PRAMOOOOOOODOO p000doooooonO
P(l1<i<p)0OOoO

Shared Memory

P P| - | B

0 1 PRAM(Parallel Random Access Machine)

PRAMUOOOOOOOOODOOODOOODOODO (SM,Shared Memory) 000000000000 RO
00000 p0000000000000000O0O000O0DO00O0O00O000OO000O0 P,O0000
000 p0000000000C000D00O000OO00O00O0O00O000DOO0O0O00O000O00 p;O00000
gooooboobooooOoooboooOobOOoO0oOoOOoOoOoOoO0O0ODOOoOpbO0bOOOODOOODOObOOOOn
0000000000000 0000000000000000000000000D000UD00U0PRAMO
gobbodoobobooobooboooboooooOooooOooOoooOocOoOoOOoOooOboooOooOOoOoooDoboOoOon
gboooooooboooboooooooobooobooobooobooooboOoooooboobooobbooboOoooOooan
0000000000000 00DPRAMODOOOODOOOOODOOOOODO

¢ EREW (Exclusive-Read Exclusive-Write) PRAM OO O0OO00O0O0O0OOOOOOOOODOOOODO
gboooooooobobobobo



e CREW(Concurrent-Read Exclusive-Write) PRAMOUOO0O0O0O0OO0O0ODO0OO0OOOOOOOOOD
gbooooogoobobobobooooooooboooboboboboooooboooboooDbgoD

o ERCW(Exclusive-Read Concurrent-Write) PRAM OO OO00000000000D0OO00DOO0OOO
gobogobodoobooboooboboobooboboobooboboobbooboboobo

e CRCW(Concurrent-Read Concurrent-Write) PRAM OO DO 0000000000000 0000OO
goboobbooobooobooa

coobooooobooboooboooboooooooooobooooobooooooOooooDboOoobooOoOoooon
gobodoobooooboboooboooooooooooooooooooobooooooooooboOoon
oobooooboooobooooooocoobooobooooobooooooOooOoOoOOoOoOobOboOooboOoOooon
gobooobooooooooooboooobooooooo

0000000000000 CRCW PRAMOOOOOOOOUOOOOOOOOO

e 000 (Common)CRCW PRAMUOUODOOOOOOOOOODODODOOOOOOOODOOODOD
ooooooooboooooo

e 000 (Arbitrary)  C(RCW PRAMUOO0OO0ODO0OO0OOOOODODOOOODOOODOOOODOOO
oooo

e 00O (Priority) CRCW PRAMUOOOOODOOODODOODOOODOODODOOOODOOOODOOO
cooooooboocoobooo
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02 PRAMOOOOOOOOOOOOOO

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

}

03 PRAMOOOOODOODOODOOO

PUSHI 1
PUSHI 10
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OUTPUT
SYNC
HALT

04 OO0OO0OOO0OCOOOOOOO

12345678910
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00000000 PRAMOOOOOODCOODOODODOOODOODODOODOODOOKCO500 [1]000
00000 parallel 0000000000000 000O0O0O0O00O$Sp 0000000000 parallel O
goboooooooobooon

parallel ( expl , exp2) statement

exp] 000 exp20 int 00O DODODODODODODODODODOstatement 0 parallel 00000000
OJO0O0O0O0OOparallel OO0 O00DO0O00O0O0D0O000O expl OO exp2 000000000
Pevpty Peapiat1s Peapi42, oy Pezpe 0 0 0 00 statement 0 0000000000 Ostatement 0 O O
O00$pO0000O0$pU0O0000O0O0O0OO00OOOOOOOOOOOOOOOOO
PRAMOOOOUOOOOOOOOOOUOOO RLOOODOODODOOODOOOUOOUOOOOparallelO0OO0O
gdododdo0o0o0o0o0o0o0o0oUoOo0o0U000000000O0 200000000000000000000O
J0000O0Oparallel 0000 statement 00 0000000000000 0O0OOOOOOOOOOOO
oooooooo
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e PUSHP 00000000 0OO000O00O00:00000000000000000000O000C
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000000000000000 200000 4,,d,000000000000000000000
Py, Py 41,Py10,..,P, 0000000000000000000 PARAOOOOOOOOOOO
oooO0ooo0oooon

e SYNC:O0OODODOODDOOODOODOOOODOOOOOODOODOOOO000000000000000
000 SYNCOOODOOOOOOOOOOOO000000000000000 SYNCOOOO0O0O
00000000000000000000 SYNCOOOOOO0O0OO0O00000000 P, 000
000000000000000 SYNCOOOOOO0O0O0O000000000000

00 A100000000000000000000000000
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331 vPSMOOOOOOOOO
vPSMOOOOOOOOOO 3000000000

1. 00000000 (Data Segment) : PRAMOOODOOODOOOODOODOOODOOOOOOO
gobgooboobbooboobobooboooboo

2.0000000 (Instraction Sengemt) : 000000000000 DODODOOInstraction
Segment 00 0000000000C00O0OO

3. 000000000 (Virtual Stack Machine) : 10000000000000000OO00O0OO
0000oo0o000ooOo0o00bo000 1000000000

O0oo0o0oO0O0OO0O0OO0OO0OO0OPRAMOODODOOOOODOOOOOOOODOOOOOOOOOOOOOOOO
goboooboooobooboooboOoOoooOoOoOoOoOoOoOoOoOOoOO0OOOOOobOOOOOOOOODOOOODn
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ocoooooooooo veSMOOODOOOOOoOoOooOooOOo

(VPSMOOODO0D0OO000D0)

fooopram 0 PRAMOUOOOOOOOOOOUOOOOOOOOO PRAMOOODOOOOOOOOOO
Jooooo0o0O0dfoopram 000000000000 OOOOoutputfile 000000 O outputfile O
00000oo OpCodeasm OOOODOOO

> java Pram [-option] foo.pram [outputfile]
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> java VSM [-option] foo.asm

(VPSMOODO0O0OO000O000O)
VPSMOOOOOOOOO0O0O0000000000000000

ed: VPSMOIOODOOOODODOOOODO

e t: VPSMUIODODOOODODDODOOOODO

en JUOO0O0OODOODODOLOOOLDODOOODODODODODOO

ec: UO0OO0ODOODDOODOODLDOODOODLOODODOODLOODDOO
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OOA OO
Al 0000000000

000000000000000000000000000000000000000000000000
000000000000000000001000000
(0ooooo)

e ADD : 000000000000 wall,val20000000 wal2+wvall D000 O0O00O0O0OOO

e SUB: 000000000000 wall,val20000000 vel2—-vall 0000000000

e MUL : 00000000 ODO0O0O vall,val20000000 wal2x0all 00000000000

e DIV : 000000000000 wall,val20000000all 2000000 val2/vall 00000
O00000wll =000000000000000

e MOD : 000D0OD0OODODOOOO wall,val2000000wall #000000 val2%vall OO
O00000000well=000000000000000

o INC: 000D ODODODODODDDODODOODNDNwelD 10000

e DEC: 0000000 D0OO0ODODOOO0OODwlO 10000

e CSIGN : 00000000000 DOO00O0walO —val0OOOOO

(0ooooo)

e AND : 0000000000 DO0OO wall,val2000000wall 2000 wal2A0000 1000
gooOoOoooooooooooooo

e OR: 0000000000 OUODO wall,val2000000wall 20000 wal2A0000 1000
000000 o0obDOoOoooOoooono

e NOT : 00000 0O0D0UUOUOOwal 00000 0Owal =0000 100wal #0000 00000
goooogo

e XOR :OODODODODOUUODODUUOUOO wall,vel2000000wall #2000 val2=0000
vall =000 val2 40000 1000000000 000000O00OOOOO

e COMP : 00000DO0O0ODOUOOO wall,val2000000wvall =val2000 00 0wvall < val2
000 100well >val2000 —1000000000O0OO

(00000000000 DO000O0OD0O0O0OO0DO00O0OO0ODDOO0OD)

e ASSIGN : O D000 ODOOOODOO
1. 00000000l 0000 eddr00000O0O
2. 000000000 edr0000w0wal 000000
3.0000C00Owl0O0O0OOOQ
e PUSH addr : 0000000000 DO0OOO0OOOODOOO addr0000vel 00000000
ooo
e PUSHIwval : 0000000000 vl 00000000000

12



POPaddr : 0000000000000 0O00O00 00000000 000000O0 addr00O
OO0l 000000

LOAD : 00000000000000000 addr 0000000000 O00O0O0OO addr0O0O0O
val 00000000000

REMOVE : 0000000000000000O00DO 1000000

COPY : 00000000 DODOOODODDODOO0ODODwlO0O0DODOOODODOO

PUSHP : 0000000000 0000O0OO00O0O0O0O000O0O0O0ODOO0OOOOODOODOOOO
coooooooo

(00DO0DO0OO0OUODO0DO0OODUDOOODODOoOO)

¢ ADDLHS : 00000000 DO0OOOOODOO

1. 000000010000 addr 000000

2.

3. 000000000 eddr0000 wal24+0all000000O
4.

000000000 addr 0000 wael2000000

000000 wel24+0ell 000000

SUBLHS : 0000000 0O0OOOOOOO

1.
2.
3.
4.

0000000 vl1l0000 addr 000000
000000000 addr 0000 wael2000000
000000000 addr 0000 val2—-vell 000000
000000 wal2—w0all0O0O00O0O0O

MULLHS : 00000000000 00O000

1.
2.
3.
4.

0000000 well0DO00 addrOOOO0OO
000000000 addr 0000 wal2000000
000000000 addr 0000 val2xvall00O0000O
000000 wal2xvall 000000

DIVLHS : 00000000000000000000wall =00000000000000

1.
2.
3.
4.

0000000 wwll0000 addr00O0O0O00O
000000000 addr0000wel2000000
000000000 addr0000 wal2/vall 000000
000000 val2/vall 000000

DIVLHS : 000000000000000000000welll=00000000000000

1.

0000000 wll0000 addr 000000

2.000000000 eddr0000w0al2000000
3.
4

000000000 addr0000 val2%vall 000000
000000 val2%vaell 000000

PREINC addr : 00000000000 000000OO0OOOO

1.
2.
3.

000000000 addr 0000 wel DO0OOODO
000000000 addrO0000wael+1000000
O00000wel+1000000

PREDEC «ddr : 0000000000000 ODOOODOOOOO
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1. 000000000 addr 0000 welDO0OOODO
2.000000000 addrO0D000wel—1000000

3. 000000wl—-1000000

POSTINC addr : 0000000000000 OOOOOOOOOO
1. 000000000 addr 0000 val 000000

2. 000000000 eddr0000wal+1000000

3. 000000000000

POSTDEC oddr : D00 0DO0OO0O0OOODODOOOOODOOOOODOO
1. 000000000 addr D000 vel 000000
2.000000000 addrO0D0D0OD0wal—1000000O

3. 000000wl 000000

(0ooooo)

JUMP addr : 0000000000000000000000 addr 000000

BEQuaddr : 00000000000 000000 0wl 000000wel =000000000000
0000 addr DO0OOOO

BNEaddr : 0000000000000 000D0 vl 000000wvel 4000000000000
0000 addr DO0OOOO

BLT addr : 0000000000000 0000 0l 000000wel <000000000O0O0OO
0000 addr DO0OOOO

BLE addr : DO00000000000000O00al 0000000l <000000000000
0000 addr DO0OOOO

BGT addr : 0000000000000 000wl00000O0wl! >000000000000
0000 addr DO0OO0O0O

BGEaddr : 0000000000000 000O0w!l000000wel >000000000000
0000 addr DO0OO00O0O

CALLaddr: 000000000000 OOOO0OOOOO0OCOOOOOOOOOODOOOOOOO
000000000 eddr0O0OODOO

RET :000000000000000000 addr000000000000000000 addrO
ooooo

(0oooo)

INPUT : 00000000000000O0O0:000000:00000000000

INPUTC : 00000000O00DOO0O0O cO00O0O0DOOcO0O0DOODOOODOODOOOOODOO
OUTPUT : 0000000D0DO0OO0DODOOOO0{000000:0000000000D0
OUTPUT : 0000000 O0ODODOOOOOO«:00000000000 000 cOO0OOOO
ooooo

OUTPUTL : 000000000 OCOOO0OOOOOOOOOO

(Dobooooboooo)
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e SETFR addr : OOD0OODODDO0O0OO0ODDOOOOOODOOOO addrDO0OOODO
e INCFR addr : 00000000000 0000000O0 addr00O000
e DECFR addr : 0000000000000 O0O0D00OO0OO addrO00O0O

(0ooo)

e PARA : 0000000000000 D0000O0O00O00D0O0O0O0O0OOOO0O0O0O0O PARAODO
000000000000000 200000 d,d, 000000000000000000000
Py, Py 41,Py12,..,P, 0000000000000000000 PARAOOODOOODODOOOO
0000000000

¢ SYNC:0ODODODODOOODDOOOODDODDOOOODOO0O0D0O00000000000000000
00000 SYNCOOOOOOOO0O0OO0OO000000000000000000 SYNCOOOO
0000000000000000000000 SYNCOOOOOOOO0O0OO0000000 PO
00000000000000000 SYNCOOOOOOOO0O0O00000000000

(0ooooo)

e NOP :OODDODOOO

e HALT : 00 DO0OOVPSMOOOOOO
e EOF : J00OD00OOODODODO

e« ERROR : 0000000000
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A2 VvPSMOOOOOOOOOOO
VPSMOOOOOOO0OO0O0000 10000000000000

e VSM.java :0 0000000

e DataSegment.java :000000000000CO

e InputFile.java :0 00000

e Instraction.java :0 000000000

e InstractionSegment.java :0 00000000000

e Opetorjava:0000000COOODOOOO

e PramMode.java :PRAM O OO0O00OOO0OO

e Stack.java :0 00000000

e VirtualStackMachine.java :0 0000000000000
e VSMLexer.java :0000000

A.2.1 VSM.java

import ioTools.*;

public class VSM implements Operators, PramMode {

static final int PROCESSORMAX = 1024;

static final int MODE = M_EREW; // 000000000
static final boolean FREGP = false; //0000000000
static VSMLexer lexer; // 00000

/* Lexer 000000000000 O0O0OO0OO =/

static VirtualStackMachine vsm[]; // Virtual Stack Machine
/* 100000000100 vsMOOO =/

/* 000000 VirtualStackMachine OO O OGO OO =/

// static VirtualStackMachine vsm[];

static InstractionSegment iseg; // Instraction Segment
static DataSegment dseg; // Data Segment
/* Iseg, Dseg D00 ODOUODO0ODODDODOOODODOOOOO =/

static boolean inParallel;
// true: DO0ODO0O false: OOOOO
static int low_processor;

static int high_processor;
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/¥ 000000 vsm[low_processor]l vsm[high_processor] 00O
000000 vsm[Ol] OOO =/

static boolean execSW = true; /x 00000040 =/
static boolean objOutSW = false; /* 00000000 =/
static boolean objPrtSW = false; /¥ 00000000 %/
static boolean traceSW = false; /x 0O000004g =/
static boolean statSW = true; /¥ 00000000 =/
static boolean debugSW = false; /x 00000040 =/
static boolean symPrtSW = false; /* 000000 =/

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

dseg = new DataSegment (MODE) ; /* data segment */
lexer = new VSMLexer (sourceFile); /¥ 00000 =/
iseg = lexer.makeIseg(debugSW); /* instraction segment */

lexer.inFile.closeFile();

/¥ 0000000000000000 %/

if (objOutSW) iseg.dump(); // Iseg0 0 0OO0ODOOO
if (objPrtSW) iseg.dumpToFile();
// Iseg00000OOOODOOOO

if (execSW) {
vsm = new VirtualStackMachine [PROCESSORMAX];
for (int i=0; i<PROCESSORMAX; i++)
vsm[i]= new VirtualStackMachine(iseg, dseg, i, FREGP);
/* vsm[0]0O vsm[PROCESSORMAX] O OOOO =/
/* vsm[i] 000000000000 (iseg, dseg, i, FREGP) */
startVsSM(0) ; /* ysMO O =/

if (statSW) execReport();

else System.out.println("Execution finishied");

public static void startVSM(int startAddr) {
int[] operator;

operator=new int[PROCESSORMAX] ;
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vsm[0] . setProgramCounter (startAddr) ;
vsm[0] .awake () ;

inParallel = false;

low_processor = 0;

high_processor = 0;

boolean syncck=true;

while (true) {// 0D0O0ODOOOOOOOO
if (inParallel==true){ // O0OOOOOO
syncck=true;// SYNCOODOODOOOOOO truedddd
for(int i=low_processor;i<=high_processor; i++){
// vsm[low_processor]Ovsm[high_processor] 00O OO0OOOODOO
operator [i]l=vsm[i] .execute(traceSW) ;
// execute() DO OODO
if (operator[i] == HALT)
// 000 PARAOOD HALTODOOODDO
syntaxError(vsm[i] .pctr);
// (000000000oooooo
//00000000000000000)
else if (operator[i] == PARA)
syntaxError(vsm[i] .pctr);
}
for (int i=low_processor;i<=high_processor; i++){
if (operator[i] !=SYNC)
// 000 S8YNCOOOOO SYNCOODODODODODOOODO falseO
syncck=false;
// (00001000 SsYNCOOOOvemOOOOOOOO
// 0000 falseOQOQOOOGQOQoO)
}
if (syncck==true){
// SYNCOOOOODOOO0O0OODO true0 000000000
vsm[0] .pctr=vsm[low_processor] .pctr;
// vsm[0] 00000000000 vsm[low_prpcessor]
// 000000000000000
vsm[0] . incProgramCounter () ;
// vsm[0] OO0OOODO0O0OOO0O0 1000
inParallel=false;
low_processor=0;
// inParallel, low_processor, high_processor [

//0000000000
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high_processor=0;

vsm[0] .awake();// vsm[0] OO OO

}
else {// 0O0OOO0O0O0O vsmfO] DOOOOOOOOOO
operator [0]=vsm[0] .execute (traceSW) ;
// execute() OO OODO
if (operator[0] == HALT) break;
// 000 HALTOO whileOODODO OODOOOODOO
if (operator[0] == SYNC) // 000 SsyNcOooOooo
syntaxError (vsm[0] .pctr) ;
// (00000000000)
else if (operator[0] == PARA) {
// 000 PARAODOODOOOOODO
inParallel=true;
// inParallel DOOOOOOO
int proc=vsm[0].pctr;
for(int i=low_processor; i<=high_processor; i++){
//vsm[low_processor] 0 vsm[high_processor] 000000000 OO vsm[0] O
//00000000000000
vsm[i] .pctr=proc;
vsm[i] .incProgramCounter();// vsm[low_processor]l
//vsm[high_processor] 00000000000 1000
}
for(int i=low_processor; i<=high_processor; i++)
vsm[i] .awake();

//vsm[low_processor] vsm[high_processor] 00 OO

}

dseg.set();// Dseg 00O DOOOOO

// 0VSMO Dseg0O0O00O0O00O0O0OOOO

// dseg.set() 0O0OO0OO0DO0ODsegdOO0OO0OOOOO
// 00000000000000000

// 0000000000000000G00000
public static String setUpOption (String[] args) {
int i;
for (i=0; i<args.length; i++) {
if (args[i].charAt(0) == ’-’) {
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if (args([i].index0f(’c’) != -1) statSW = true;
/¥ 000oooog */

if (args[i].index0f(’d’) != -1) debugSW = true;

/* 0000000 =/

if (args([i].index0f(’n’) != -1) execSW = false;

/* 0000000 =/

if (args([i].index0f(’0’) != -1) objOutSW = true;
/* 00000000 =/

if (args[i].index0f(’p’) != -1) objPrtSW = true;
/* 00000000 */

if (args([i].index0f(’s’) != -1) symPrtSW = true;
/* 000000 */

if (args[i].index0f(’t’) != -1) traceSW = true;

/* 0000000 */
} else break;
}
if (i<args.length) return args[i];
else return "OpCode.asm";
}
// 000000000
// 0000000 VsM.javadOOO0O0OOO0O0ODOO0OOOODO
// 000000 vsm[0] O VirtualStackMachine.java O PARAO OO
//0000000 VirtualStackMachine.javaOOOOOO0ODO
public static void setParallel(int 1, int h) {
low_processor = 1;
high_processor = h;
inParallel = true;
}
// 00000000
public static void execReport() {
System.out.println();
System.out.println("Object code size: "+iseg.size);
// Iseg000000000O0D0O0O00ODOOOOO
System.out.print ("Max stack depth: ");
int maxstdp =0;
for(int i=0;i<PROCESSORMAX;i++){
if (vsm[i].stack.maxSp > maxstdp)
maxstdp=vsm[i] .stack.maxSp;
}
System.out.println(maxstdp);
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System.out.print("Max frame size: ");
// 0000000vsm[0].stack.maxSpl vsm [PROCESSORMAX]
//.stack.maxSp 000000000
System.out.println(dseg.size - vsm[0] .minFreg);
System.out.print ("Function calls: ");
// 0000000dseg.size-vsm[0] .minFregl dseg.size.vsm
// [PROCESSORMAX] .minFreg 0 0O O0OODOODO
int Fccl=0;
for(int i=0;i<PROCESSORMAX;i++){

Fccl=Fccl+vsm[i] .callCtr;
}
System.out.println(Fccl);
// 0000000vsm[0].callCtr[ vsm[PROCESSORMAX] .
//callCtr 0000000
System.out.print ("Executiin count : ");
System.out.println(vsm[0].insCtr);
// 0000000vsm[0].insCtr[ vsm [PROCESSORMAX] . insCtr O
//00000000
// (000000000000000000 vsm[0].insCtr O
//000000000)

}
public static void syntaxError (int addr) { /* 00000 */
System.out.println("Syntax error at line " + addr);
iseg.print(addr) ;
System.out.println();
System.exit(1);
}

public static void syntaxError (String err_mes, int addr) { /+* OO0OOO0O =%/
System.out.println("Systax error at line " + addr);
System.out.println(err_mes);
iseg.print(addr) ;
System.out.println();
System.exit (1) ;

public static void executeError (int addr) { /* 000000 =/
System.out.println("Execute error at line " + addr);

iseg.print(addr) ;
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System.out.println();
System.exit(1);

public static void executeError (String err_mes, int addr) { /* OO0OOO0O0O =/
System.out.println("Execute error at line " + addr);
System.out.println(err_mes);
iseg.print(addr) ;
System.out.println();
System.exit(1);

A.2.2 DataSegment.java

public class DataSegment {
static final int DSEGSIZE = 1024;
int[] dseg;

int[] tempDseg;
boolean[] readCheck;

// 00000
// 00000000

boolean[] writeCheck; // 000D OOOO

int maxAddr;

// 0000000000

// PRAM mode
// 000

int mode;

int size;

public DataSegment(int m) {

DSEGSIZE;

dseg = new int[DSEGSIZE];

tempDseg = new int[DSEGSIZE];
readCheck = new boolean[DSEGSIZE];
writeCheck = new boolean[DSEGSIZE];
maxAddr = -1;

size

mode = m;

for (int i=0; i<DSEGSIZE; i++) { // O0O00OOOODO
dsegli] = 0;
tempDseg[i] = 0;
readCheck[i] = false;

writeCheck[i] = false;
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// 0000 addr OOOOOOO
public int read(int addr) {
if (addr < 0 || addr >= size)
executeError("Illegal dseg address : " + addr);
if (addr>maxAddr) maxAddr = addr;
readCheck[addr] = true;
return dsegladdr];

// 0000 addr 0000 val OO0
public void write(int addr, int val) {
if (addr < 0 || addr >= size)
executeError("Illegal dseg address : " + addr);
if (addr>maxAddr) maxAddr = addr;
writeCheck[addr] = true;
tempDseg[addr] = val; /* 000000 tmpOO0O =%/

return;

// 0000000000000000O0o0ooO0
public void set() {
for(int i=0; i<=maxAddr; i++) {
dsegli] = tempDsegl[il; /¥ tmp 0000000000 */
readCheck[i] = false;
writeCheck[i] = false;
}

return;

public void executeError (String err_mes) { /x 000000 =%/
System.out.println("Processor "+VSM.vsm.pr);
System.out.println("Execute error at line " + VSM.vsm.pctr);
System.out.println(err_mes);
VSM.iseg.print (VSM.vsm.pctr) ;
System.out.println();
System.exit (1) ;
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A.2.3 InputFile.java
import ioTools.*;

import java.io.*;

public class InputFile {
BufferedReader buffer; /* 00000000000 =/

String line; /* 0000000 1000000 %/
int linenum; /x 0000000000 =/

int columnnum; /* 0000000000 =/

char currentc; /x 0000000 =/

char nextc; /* 00000000 =/

/* 000000000, inputFileName OO O OOOODOOO
OO000O00000 buffer OOOODOOOO linenum,
columnnum, currentc, nextc DOO0OOO =*x/

public InputFile(String inputFileName) {
buffer = FileIo.fRead(inputFileName);
linenum = O;
columnnum = O;
//000000000000
readInputFile();
//00000000000, 00000 nextc DOOOOO
nextc =’ 7’

nextChar();

//buffer 000000, OOOOO line 00OOOOOO0OOOOOOOO
public void readInputFile() {
try {
line = buffer.readLine();
} catch(IOException error_report) {
/* 000000000000, oooooooooooo,
ooooooo, 0oooooooo =/
System.out.println(error_report);
closeFile();
System.exit(1);
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//0000000000000O0O.
public void closeFile() {
try {
buffer.close();
} catch(IOException error_report) {
System.out.println(error_report);

System.exit(1);

//00000000000 .
public char nextChar() {
if (line == null) { //00000000CCOCO°\0’O0O0OO
currentc = nextc;
nextc = ’\0’;
return currentc;
} else if (columnnum >= line.length()) { //0000000°\n> 000
readInputFile();
currentc = nextc;
nextc = ’\n’;
linenum++;
columnnum = 0;
return currentc;
} else { //000COOCODODOODODOD nextc OOOO, OOOOOOO
currentc = nextc;
nextc = line.charAt(columnnum) ;
columnnum++;

return currentc;

A.2.4 Instraction.java

class Instraction implements Operators {

int operator; /* 00000 =/
int operand; /* 00000 =/
boolean register; /* 000000 =/
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public Instraction(int i, int j) {
operator = i;
operand = j;

register = false;

public Instraction(int i) {
operator = ij;
operand = -1;

register = false;

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

register = r;

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

register = r;

public String toString() {

switch(operator) {

case PUSH:

case PUSHI:

case POP:

case BEQ:

case BNE:

case BLE:

case BLT:

case BGE:

case BGT:

case JUMP:

case CALL:

return opName() + "\t" + operand + "\t";

/* 0000000000 %/
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default:

return opName() + "\t\t";
/* 000000000 oog =/

// 00000000000000000O0O

public String opName() {

switch(operator) {

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

NOP:
ASSGN:
ADD:
ADDLHS:
SUB:
SUBLHS:
MUL:
MULLHS:
DIV:
DIVLHS:
MOD:
MODLHS:
CSIGN:
AND:
OR:
NOT:
XOR:
COMP:
COPY:
PUSH:
PUSHI:
POP:
REMOVE:
LOAD:
INC:
DEC:
PREINC:
PREDEC:
POSTINC:
POSTDEC:
SETFR:

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

"NOP  ";
"ASSGN ";
"ADD  ";
"ADDLHS ";
"SUB  ";
"SUBLHS ";
"MUL "
"MULLHS ";
"DIV  ";
"DIVLHS ";
"MOD  ";
"MODLHS ";
"CSIGN ";
"AND "
"OR "
"NOT ~ ";
"XOR  ";
"caMP  ";
"COPY ";
"PUSH ";
"PUSHI ";
"POP  ";
"REMOVE ";
"LOAD  ";
"INC "
"DEC  ";
"PREINC ";
"PREDEC ";
"POSTINC";
"POSTDEC" ;
"SETFR ";

//
//
//
/7
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
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and
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++
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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

INCFR:
DECFR:
JUMP:
BEQ:
BNE:
BLT:
BLE:
BGT:
BGE:
CALL:
RET:
INPUT:
INPUTC:
INPUTS:
OUTPUT:
OUTPUTC:
OUTPUTL:
OUTPUTS:
RAND:
HALT:
ASSGNS:
LOADS:
PARA:
SYNC:
PUSHP:
EQF:

default:

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

A.2.5 InstractionSegment.java
//00000000

import ioTools.*;

import java.io.*;

"INCFR "
"DECFR "
" JUMP "
"BEQ "
"BNE "
"BLT "
"BLE "
"BGT "
"BGE "
"CALL "
"RET "
"INPUT "
"INPUTC "
"INPUTS "

"OUTPUT ";
"OQUTPUTC" ;
"OUTPUTL";

"OUTPUTS"

"RAND ";
"HALT ~ ";
"ASSGNS ";
"LOADS ";
"PARA  ";
"SYNC  ";
"PUSHP ";
"EOF  ";
"ERROR ";

//00000000
import java.util.Vector; //00000

>
)
’
>
>
>
>
)
)
>
H
)

>

//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
!/
//
//
//
//
//
//
//
//
//

inc frame register
dec frame register
jump

=7

=7

<7

<= 7

call

return

input integer
input character
input string
output integer
output character
output line
output string
random

halt

assign string
load stirng
parallel
syncronous

push processor number
end of file

error

public class InstractionSegment implements Operators {

Vector iseg;

int isegPtr;
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int size;

boolean debugSW;

public InstractionSegment(boolean dsw) {

iseg = new Vector();

isegPtr = 0;

size = 0;

debugSW = dsw;

// Iseg OO0OOODOO
public int appendCode(Instraction inst) {

if (size == isegPtr) {

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

size++t;

} else {

}

Instraction oldInst = ((Instraction) iseg.get(isegPtr));
if (debugSW) System.out.print(isegPtr+": "+oldInst);
iseg.removeElementAt (isegPtr) ;
iseg.insertElementAt (inst, isegPtr);

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

isegPtr++;

return isegPtr-1;

public int appendCode(int operator, int operand, boolean register) {

if (size == isegPtr) {

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

size++;

} else {

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

inst.operand = operand;

inst.register = register;
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}

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

isegPtr++;

return isegPtr-1;

public int appendCode(int operator, boolean register) {

if (size == isegPtr) {

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

size++;

} else {

3

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

inst.operand = -1;

inst.register = register;

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

isegPtr++;

return isegPtr-1;

public int appendCode(int operator, int operand) {

if (size == isegPtr) {

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

size++;

} else {

}

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

inst.operand = operand;

inst.register = false;

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

isegPtr++;

return isegPtr-1;
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public int appendCode(int operator) {

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

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

}

isegPtr++;

return isegPtr-1;

}
public int operator(int addr) { /* 00000000 =/
if (addr < 0 || addr >= size)
executeError("Illegal iseg address ", addr);
return ((Instraction) iseg.get(addr)).operator;
}
public int operand(int addr) { /* 00000000 =/
if (addr < 0 || addr >= size)
executeError("Illegal iseg address ", addr);
return ((Instraction) iseg.get(addr)).operand;
}

public boolean register (int addr) { /x ODOOOOOO %/
if (addr < 0 || addr >= size)
executeError("Illegal iseg address ", addr);

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

// 000000000000O0O0O0OOO0O
public void checkAddress(int addr) {
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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 < O || inst.operand >= size)

syntaxError("Illegal iseg address : " + inst, addr);

break;

default:

break;

// 00000000000000
public void print(int addr) {;
System.out.print(addr + ": " + (Instraction) iseg.get(addr));

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

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

// Iseg O0OODODOOOOODOOO
public void dumpToFile() {
PrintWriter outputFile = FileIo.fWrite("OpCode.asm", false);
for (int i=0; i<isegPtr; i++)
outputFile.println((Instraction) iseg.get(i));
outputFile.close();

// Iseg OOOOOOOOOOCOO
public void dumpToFile(String fileName) {
PrintWriter outputFile = FileIo.fWrite(fileName, false);
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for (int i=0; i<isegPtr; i++)
outputFile.println((Instraction) iseg.get(i));
outputFile.close();

// addr 000000 OOODOODOODOO O operator, operand 0O OO0
public void replaceCode(int addr, int operator, int operand) {
Instraction inst = ((Instraction) iseg.get(addr));
if (debugSW)
System.out.print(addr + ": " + inst);
inst.operator = operator;
inst.operand = operand;
if (debugSW)

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

// addr 00000000000 O operand OOOODO
public void replaceCode(int addr, int operand) {
Instraction inst = ((Instraction) iseg.get(addr));
if (debugSw)
System.out.print(addr + ": " + inst);
inst.operand = operand;
if (debugSW)

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

// addr 000000 inst O0O0ODO

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

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

public void syntaxError(String err_mes, int addr) { /* 00000 %/
System.out.println("Syntax error at line " + addr);
System.out.println(err_mes);
System.out.println((Instraction) iseg.get(addr));
System.exit(1);
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public void executeError (String err_mes, int addr) {

System.out.println("Execute error at line " + addr);

System.out.println(err_mes);

System.exit(1);

A.2.6 Operators.java

interface Operators

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

static final int

{

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

OR

NOT
XOR
COMP
COPY
PUSH
PUSHI
REMOVE
LOAD
POP
INC
DEC
PREINC
PREDEC

N
=

I O e T e e S T
S © 00 N O 0o b W N = O O 00N O O W N = O

N N N N NN
~N o oo W N

//
//
//
//
//
//
//
//
//
//
/7
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//

no operation

assign

or
not
exclusive or
comp

copy

push

push integer
remove

load

pop

++
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static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final
static final

static final

int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int

int

A.2.7 PramMode.java

interface PramMode {

POSTINC
POSTDEC
SETFR
INCFR
DECFR
JUMP
BLT

BLE

BEQ

BNE

BGE

BGT
CALL
RET
INPUT
INPUTC
OUTPUT
OUTPUTC
OUTPUTL
RAND
HALT
PUSHS
POPS
ASSGNS
LOADS
INPUTS
OUTPUTS
PARA
SYNC
PUSHP
EOF
ERROR

] ] ] 1] ] ]
W W w w NN
w N =, O ©O© 0

R T | T | RO T | N [T NN T N
R R R T Y T N N
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static final int M_EREW = O;
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//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
/7
//
/7
//
//
//
//
//
//
/7

set frame register
inc frame register
dec frame register
Jjump

<7

> 7

>= 7

call

return

input integer
input character
output integer
output character
output line
random

halt

push string
pop string
assign string
load string
input string
output string
parallel
synchronous
push processor number
end of file

error
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static final int M_CREW = 1;

static final int M_COMMON_CWCW = 2;
static final int M_ARBITRARY_CRCW = 3;
static final int M_PRIORITY_CRCW = 4;

A.2.8 Stack.java
public class Stack {
static final int STACKSIZE = 128;

int[] st; // Stack

int sp; // StackPointer

int size; // StackSize

int maxSp; // Max Stack Pointer

public Stack () {
size = STACKSIZE;

st = new int [STACKSIZE];
sp = 13
maxSp = -1;

public int pop () {
if (sp < 0) executeError("Stack Underflow");
int val = st[spl;
sp~-;

return val;

public void push (int val) {
Sp++;
if (sp >= size) executeError("Stack Overflow");
st[spl = val;
if (sp > maxSp) maxSp = sp;

return;

public String toString() {
if (sp >= 0) return sp + "\t" + stlsp] + "\t";
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else return "\t\t";

public void executeError (String err_mes) { /+ 000000 */
System.out.println("Processor "+VSM.vsm.pr);
System.out.println("Execute error at line " + VSM.vsm.pctr);
System.out.println(err_mes);
VSM.iseg.print (VSM.vsm.pctr) ;
System.out.println();
System.exit (1) ;

A.2.9 VirtualStackMachine.java

import ioTools.x*;

public class VirtualStackMachine implements Operators, PramMode {

InstractionSegment iseg;// 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 pr; // Processor Number

public VirtualStackMachine

(InstractionSegment is, DataSegment ds, int p, boolean fp) {

iseg is;
ds;

stack = new Stack();

dseg

pctr = 0;
isRunning = false;
callCtr = O;
insCtr = 0;

pr = p;
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freg = 0;
fregP = fp;

minFreg = ds.size;

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

operand += freg;

if (isRunning) {
int val, vall, val2, addr;
int i;
String str;

insCtr++;

if (traceSW) iseg.print(pctr);

switch(operator) {

case NOP: /* No operation */
pctr++;
break;

case ASSGN: /* assign */

val = stack.popQ);

addr = stack.pop();
dseg.write(addr, val, pr);
stack.push(val);

pctr++;
break;

case ADD: /* + x/
vall = stack.popQ;
val2 = stack.popQ);

stack.push(val2 + vall);

pctr++;
break;
case ADDLHS: /* += x/
vall = stack.pop();
addr = stack.pop();
val2 = dseg.read(addr, pr);
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val = val2 + vall;
dseg.write(addr, val, pr);
stack.push(val);

pctr++;
break;

case SUB: /* = x/
vall = stack.pop();
val2 = stack.pop();

stack.push(val2 - vall);
pctr++;
break;

case SUBLHS: /* -= x/
vall
addr

stack.pop();

stack.pop();

val2 = dseg.read(addr, pr);
val = val2 - vall;
dseg.write(addr, val, pr);
stack.push(val) ;

pctr++;
break;

case MUL: /* % x/
vall = stack.pop();
val2 = stack.pop(Q);

stack.push(val2 * vall);
pctr++;
break;

case MULLHS: /* *= %/
vall
addr

stack.pop();

stack.pop(Q);

val2 = dseg.read(addr, pr);
val = val2 x vall;
dseg.write(addr, val, pr);
stack.push(val);
pctr++;
break;
case DIV: /% /[ */
vall = stack.popQ;
if (vall == 0)
executeError("Zero divider detected");

val2 = stack.popQ);
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val = val2 / vall;
stack.push(val);
pctr++;
break;
case DIVLHS: /* /= */
vall = stack.popQ;
if (vall == 0)
executeError("Zero divider detected");
addr
val2
val = val2 / vall;

stack.pop();

dseg.read(addr, pr);

dseg.write(addr, val, pr);
stack.push(val);
pctr++;
break;
case MOD: /% % x/
vall = stack.popQ;
if (vall == 0)
executeError("Zero divider detected");
val2 = stack.popQ;
val = val2 % valil;
stack.push(val);
pctr++;
break;
case MODLHS: /x Y= %/
vall = stack.popQ);
if (vall == 0)
executeError("Zero divider detected");

addr

stack.pop();

val2 = dseg.read(addr, pr);
val = val2 % valil;
dseg.write(addr, val, pr);
stack.push(val);
pctr++;
break;

case CSIGN: /* 00 =/
val = stack.popQ);
stack.push(-val);
pctr++;

break;
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case AND: /* and */
vall
val2 = stack.popQ;
if (val2 != 0 && vall != 0) stack.push(1);

stack.pop();

else stack.push(0);

pctr++;
break;

case OR: /* or */
vall = stack.popQ);

val2 = stack.popQ;
if (val2 !'= 0 || vall != 0) stack.push(1);
else stack.push(0);
pctr++;
break;
case NOT: /* not */
val = stack.pop();
if (val == 0) stack.push(1);
else stack.push(0);

pctr++;
break;

case XOR: /* exclucive or */
vall = stack.popQ;

val2 = stack.popQ);
if ((val2 !'= 0 && vall == 0) || (val2 == 0 && vall != 0)) stack.push(1l);
else stack.push(0);
pctr++;
break;

case COMP: /* comp */
vall
val2 = stack.popQ;
if (val2 == vall) stack.push(0);
else if (val2 > vall) stack.push(1);

stack.pop();

else stack.push(-1);
pctr++;
break;

case COPY: /* copy */
val = stack.pop();
stack.push(val);
stack.push(val);

pctr++;
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break;

case PUSH: /* push */
stack.push(dseg.read(operand, pr));
pctr++;
break;

case PUSHI: /* push integer */

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

case PUSHP: /* push processor number */
stack.push(pr) ;
pctr++;
break;

case POP: /* pop */
dseg.write(operand, stack.pop(), pr);
pctr++;
break;

case REMOVE: /* remove */
stack.pop(Q);
pctr++;
break;

case LOAD: /* load */
addr = stack.pop();
stack.push(dseg.read(addr, pr));
pctr++;
break;

case INC: /* ++ x/
val = stack.pop();
val++;
stack.push(val);
pctr++;
break;

case DEC: /* —= x/
val = stack.pop(Q);
val--;
stack.push(val);
pctr++;
break;

case PREINC: /* 00 + x/
addr = stack.pop();
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val = dseg.read(addr, pr);
val++;
dseg.write(addr, val, pr);
stack.push(val);

case PREDEC: /* O00-- %/
addr = stack.pop();
val = dseg.read(addr, pr);
val--;
dseg.write(addr, val, pr);
stack.push(val);

case POSTINC: /x OO ++ x/
addr = stack.pop();
val = dseg.read(addr, pr);
stack.push(val);
val++t;
dseg.write(addr, val, pr);

case POSTDEC: /x O0O-- */
addr = stack.pop();
val = dseg.read(addr, pr);
stack.push(val);
val--;
dseg.write(addr, val, pr);

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;
if (freg > dseg.size)

executeError ("Freg overflow");

pctr++;
break;

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

if (freg < minFreg) minFreg = freg;
pctr++;

break;
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case JUMP: /% jump */
pctr = operand;
break;
case BEQ: /*x ==0 7 %/
val = stack.pop(Q);
if (val == 0) pctr = operand;
else pctr++;
break;
case BNE: /* 1=0 7 x/
val = stack.pop(Q);
if (val != 0) pctr = operand;
else pctr++;
break;
case BLT: /* <0 7 %/
val = stack.pop(Q);
if (val < 0) pctr = operand;
else pctr++;
break;
case BLE: /* <=0 7 */
val = stack.popQ);
if (val <= 0) pctr = operand;
else pctr++;
break;
case BGT: /*x >0 7 %/
val = stack.popQ);
if (val > 0) pctr = operand;
else pctr++;
break;
case BGE: /*x >=0 7 */
val = stack.popQ);
if (val >= 0) pctr = operand;
else pctr++;
break;
case CALL: /* call */
stack.push(pctr);
pctr = operand;
callCtr++;
break;
case RET: /* return */

pctr = stack.popQ);
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break;
case INPUT: /* input integer */
System.out.print("Integer : ");
val = Console.ReadInteger();
stack.push(val);
pctr++;
break;
case INPUTC: /* input character */
do {
System.out.print("Character : ");
str = Console.ReadString();
} while (str.length()==0);
val = (int) str.charAt(0);
stack.push(val);
pctr++;
break;
case OUTPUT: /* output integer */
val = stack.popQ);
System.out.print(val + " ");
pctr++;
break;
case QOUTPUTC: /* output character */
val = stack.pop();
if (traceSW)
switch(val) {
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;
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default:
System.out.print((char) val);
break;
}
else System.out.print((char) val);
pctr++;
break;
case OUTPUTL: /* output lne */
if (traceSW) System.out.print("\\n");
else System.out.println();
pctr++;
break;
case RAND: /* random */
val = (int) (stack.pop() * Math.random());
stack.push(val);
pctr++;
break;
case PUSHS:
str = "";
for(i=0; true; i++) {
str += (char) dseg.read(operand+i, pr);
if (str.charAt(i) == ’\0’) break;
}
for(i=str.length()-1; i>=0; i--)
stack.push((int) str.charAt(i));
pctr++;
break;
case POPS:
str="";
for(i=0; true; i++) {
str += (char) stack.popQ);
dseg.write(operand+i, (int) str.charAt(i), pr);
if (str.charAt(i) == ’\0’) break;
}
pctr++;
break;
case ASSGNS:
str = "";
for(i=0; true; i++) {

str += (char) stack.popQ);
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if (str.charAt(i) == ’\0’) break;
}
addr = stack.pop();
for(i=0; i<str.length(); i++)
dseg.write(addr+i, (int) str.charAt(i), pr);
stack.push(str.length());
pctr++;
break;
case LOADS:
str = "";
addr = stack.pop();
for(i=0; true; i++) {
str += (char) dseg.read(addr+i, pr);
if (str.charAt(i) == ’\0’) break;
}
for(i=str.length()-1; i>=0; i--)
stack.push((int) str.charAt(i));
pctr++;
break;
case INPUTS:
System.out.print("String : ");
str = Console.ReadString();
stack.push(’\0’);
for(i=str.length()-1; i>=0; i--)
stack.push((int) str.charAt(i));
pctr++;
break;
case OUTPUTS:
str = "";
for (i=0; true; i++) {
str += (char) stack.popQ);
if (str.charAt(i) == ’\0’) break;
if (traceSw)
switch(str.charAt(i)) {
case ’\0’:
System.out.print ("\\0");
break;
case ’\b’:
System.out.print ("\\b");

break;
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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 ((char) str.charAt(i));
break;
}
else System.out.print((char) str.charAt(i));
}
pctr++;
break;
case PARA:
if (VSM.inParallel)

executeError("Already in parallel mode");

int h = stack.popQ);

int 1

stack.pop();
VSM.setParallel(1l, h);
VSM.inParallel = true;
// PARAODODOOODOOODOOOOOOODOOO
break;

case SYNC:
if (!VSM.inParallel)

executeError("Already in sequential mode");

isRunning = false;
// sYNcOODOOOOOOoOoOoOoOoOooooooo
break;

case HALT:
isRunning = false;
// HALTOOOOODOOOODOOOODOOOOO
break;

case EOF:
executeError("Illegal end of file");
break;

default:
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syntaxError("Illegal operator");
}
if (traceSW)
System.out.println(stack);
}
return operator;
}
public void setProgramCounter(int addr) {

pctr = addr;

public void incProgramCounter() {

pctr++;

public void awake() {

isRunning = true;

}

public void syntaxError () { /* 00000 */
System.out.println("Processor "+pr);
System.out.println("Syntax error at line " + pctr);
iseg.print(pctr);
System.out.println();
System.exit(1);

}

public void syntaxError (String err_mes) { /+* 00000 =/
System.out.println("Processor "+pr);
System.out.println("Systax error at line " + pctr);
System.out.println(err_mes);
iseg.print(pctr);
System.out.println();
System.exit(1);

public void executeError () { /¥ 000000 =/
System.out.println("Processor "+pr);
System.out.println("Execute error at line " + pctr);

iseg.print(pctr);
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System.out.println();
System.exit(1);

public void executeError (String err_mes) { /x OOOOOO %/
System.out.println("Processor "+pr);
System.out.println("Execute error at line " + pctr);
System.out.println(err_mes);
iseg.print(pctr);
System.out.println();
System.exit (1) ;

A.2.10 VSMLexer.java
import java.util.Vector; //00000

public class VSMLexer implements Operators {
InputFile inFile; /* InputFile 0000000000 (QOOOOO) */

//000000000, 00000000000, 000000000
public VSMLexer (String fname) {
//000000000

inFile = new InputFile(fname);

public InstractionSegment makeIseg(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);

return iseg;

public Instraction nextOperator() { /x JUUOO ODOOOOOOOOO =/

int operator = NOP;
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int operand = -1;
String str = "";

char c;

boolean csign = false;

boolean existOp = false;

do {

c = skipSpace();
} while(c == ’\n’); /* OO0O00O0O00O =/
if (¢ == ’\0’) operator = EQOF; /* End of file */

else if (Character.isUpperCase(c)) {
str = extractWord(c);

switch (c) {

case ’A’:
if (str.equals("ADD")) operator = ADD; /* ADD =/
else if (str.equals("ADDLHS")) operator = ADDLHS; /* ADDLHS */
else if (str.equals("AND")) operator = AND; /* AND x/
else if (str.equals("ASSGN")) operator = ASSGN; /* ASSGN =*/
else if (str.equals("ASSGNS")) operator = ASSGNS; /* ASSGNS x/
else syntaxError ("Unknown operator : "+str);
break;

case ’B’:
if (str.equals("BEQ")) operator = BEQ; /* BEQ */
else if (str.equals("BGE")) operator = BGE; /* BGE */
else if (str.equals("BGT")) operator = BGT; /* BGT =/
else if (str.equals("BLE")) operator = BLE; /* BLE x/
else if (str.equals("BLT")) operator = BLT; /* BLT =/
else if (str.equals("BNE")) operator = BNE; /* BNE x/
else syntaxError ("Unknown operator : "+str);
break;

case ’C’:
if (str.equals("CALL")) operator = CALL; /* CALL */
else if (str.equals("COMP")) operator = COMP; /* COMP x*/
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 */
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else if (str.equals("DECDR")) operator = DECFR;
else if (str.equals("DIV")) operator = DIV;
else if (str.equals("DIVLHS")) operator = DIVLHS;
else syntaxError ("Unknown operator : "+str);
break;

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

case ’H’:
if (str.equals("HALT")) operator = HALT;
else syntaxError ("Unknown operator : "+str);
break;

case ’I’:
if (str.equals("INC")) operator = INC;
else if (str.equals("INCFR")) operator = INCFR;
else if (str.equals("INPUT")) operator = INPUT;

else if (str.equals("INPUTC")) operator = INPUTC;
else if (str.equals("INPUTS")) operator = INPUTS;
else syntaxError("Unknown operator : "+str);
break;

case ’J’:
if (str.equals("JUMP")) operator = JUMP;
else syntaxError ("Unknown operator : "+str);
break;

case ’L’:

if (str.equals("LOAD")) operator = LOAD;
else if (str.equals("LOADS")) operator = LOADS;
else syntaxError ("Unknown operator : "+str);
break;

case 'M’:
if (str.equals("MOD")) operator = MOD;
else if (str.equals("MODLHS")) operator = MODLHS;
else if (str.equals("MUL")) operator = MUL;
else if (str.equals("MULLHS")) operator = MULLHS;
else syntaxError ("Unknown operator : "+str);
break;

case ’N’:
if (str.equals("NOP")) operator = NOP;
else if (str.equals("NOT")) operator = NOT;
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else syntaxError ("Unknown operator : "+str);

break;
case ’0’:

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

else if (str.equals("OUTPUT")) operator = OUTPUT; /* OUTPUT */

else if (str.equals("OUTPUTC")) operator = OUTPUTC; /* OUTPUTC */
OUTPUTL; /* OUTPUTL =/
OUTPUTS; /* OUTPUTS */

else if (str.equals("OUTPUTL")) operator
else if (str.equals("OUTPUTS")) operator

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

case ’'P’:
if (str.equals("PARA")) operator = PARA; /* PARA */
else if (str.equals("POP")) operator = POP; /* POP x/
else if (str.equals("POPS")) operator = POPS; /* POPS */

else if (str.equals("POSTDEC")) operator = POSTDEC; /* POSTDEC */
else if (str.equals("POSTINC")) operator = POSTINC; /* POSTINC */
else if (str.equals("PREDEC")) operator = PREDEC; /% PREDEC */
PREINC; /* PREINC */

else if (str.equals("PREINC")) operator

else if (str.equals("PUSH")) operator = PUSH; /* PUSH */
else if (str.equals("PUSHI")) operator = PUSHI; /* PUSHI */
else if (str.equals("PUSHP")) operator = PUSHP; /* PUSHP =/
else if (str.equals("PUSHS")) operator = PUSHS; /* PUSHS =/
else syntaxError ("Unknown operator : "+str);
break;

case 'R’:
if (str.equals("RAND")) operator = RAND; /* RAND */
else if (str.equals("RET")) operator = RET; /* RET x/
else if (str.equals("REMOVE")) operator = REMOVE; /* REMOVE */
else syntaxError ("Unknown operator : "+str);
break;

case ’S’:
if (str.equals("SETFR")) operator = SETFR; /* SETFR */
else if (str.equals("SUB")) operator = SUB; /* SUB x/
else if (str.equals("SUBLHS")) operator = SUBLHS; /% SUBLHS */
else if (str.equals("SYNC")) operator = SYNC; /* SYNC */
else syntaxError ("Unknown operator : "+str);
break;

case ’X’:
if (str.equals("XOR")) operator = XOR; /* XOR */
else syntaxError ("Unknown operator : "+str);
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break;

default:
syntaxError ("Unknown operator : "+str);
break;
}
} else syntaxError("Illegal charactor : "+c);
c = skipSpace(); / 0000000 =/
if (c == -7) { /00 =/

csign = true;
¢ = inFile.nextChar();

}

if (¢ == 0") { /* 000000 (0) */
operand = 0;
c = skipSpace();
if (¢ !'= ’\n’ && c '= ’\0’ ) syntaxError("Illegal charactor : "+c);
existOp = true;

} else if (Character.isDigit(c)) { /* 000000 =/
operand = extractIntValue(c);

c = skipSpace();

if (¢ !'= ’\n’ && c '= ’\0’ ) syntaxError("Illegal charactor : "+c);
existOp = true;

} else if (c != ’\n’ && c !'= °\0’ )
syntaxError ("Illegal charactor : "+c);

if (csign) operand *= -1;

checkOperand (operator, operand, existOp);

return new Instraction(operator, operand);

}
public int extractIntValue(char c) { /* cOODOOODOOOO =/
int v = Character.digit(c, 10); /¥ 00000000 =/
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) { /* cOO0O0OOOOOoOO =/
String s = String.valueOf(c);

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

¢ = inFile.nextChar();
s =8+ c;
}
return s;
}
public char skipSpace() { /* 0000000 =/
char c;
do {
¢ = inFile.nextChar();
if (c == '#’)
do {
¢ = inFile.nextChar();
} while (¢ !'= ’\n’ && c != ’\0’);
if (¢ == ’\n’ || ¢ == ’\0’) break;
} while (c == 7 || ¢c == ’\t’);
return c;
}

public void checkOperand(int operator, int operand, boolean e) {

switch(operator) {
case NOP:

case ASSGN:

case ADD:

case ADDLHS:

case SUB:

case SUBLHS:

case MUL:

case MULLHS:

case DIV:

case DIVLHS:

case MOD:

case MODLHS:

case CSIGN:

case AND:

case OR:
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case NOT:
case XOR:
case COMP:
case COPY:
case PUSHP:
case REMOVE:
case LOAD:
case INC:
case DEC:
case PREINC:
case PREDEC:
case POSTINC:
case POSTDEC:
case RET:
case INPUT:
case INPUTC:
case OUTPUT:
case OUTPUTC:
case OUTPUTL:
case RAND:
case ASSGNS:
case LOADS:
case INPUTS:
case OUTPUTS:
case PARA:
case HALT:
case SYNC:
case EQOF:

if (e)

syntaxError("Illegal operand" + operand);

break;
case PUSH:
case PUSHI:
case POP:
case SETFR:
case INCFR:
case DECFR:
case JUMP:
case BEQ:
case BNE:
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case BLT:
case BLE:
case BGT:
case BGE:
case CALL:
case PUSHS:
case POPS:
if (le)

syntaxError("Illegal operand");

break;

default:

syntaxError("Illegal operator");

break;
}
}
public void syntaxError() { /* 00000 =/
System.out.println("Systax error at line " + inFile.linenum);
System.out.println(inFile.line);
inFile.closeFile();
System.exit (1) ;
}

public void syntaxError(String err_mes) { /+* 00000 =/

System

System
System
inFile
System
}
b
\newpage

.out.println("Systax error at line " + inFile.linenum);
.out.println(err_mes) ;

.out.println(inFile.line);

.closeFile();

Lexit(1);

A3 nO0000000D0ODOOODO PRAMOOOODOOODOO

main(){

int a[16];

int 1i;

parallel(0,15)

57



al[$pl=$p+1;

for(i=1; i<16; ix*=2)
parallel(0,16/2/1)
a[$pl=al2*$p]+a[2x$p+1];

write(al0]);
}
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NN NN NN NN NDNR B B s s s | o e
© ® N O O N~ W N R, O © 0 N O O W N P O

© 00 N o o W N =~ O

: PUSHI
: PUSHI
: PARA

: PUSHI
: PUSHP
: ADD

: PUSHP
: PUSHI
: ADD

: ASSGN
: REMOVE
: SYNC

: PUSHI
: PUSHI
: ASSGN
: REMOVE
: PUSH

: PUSHI
: COMP

: BGE

: JUMP

: PUSHI
: COPY

: LOAD

: PUSHI
: MUL

: ASSGN
: REMOVE
: JUMP

: PUSHI

0
15

16

16
16
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29
16

16

30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:
42:
43:
44:
45:
46:
47:
48:
49:
50:
51:
52:
53:
54:
55:
56:
57:
58:

59

PUSHI
PUSH
DIV
PARA
PUSHI
PUSHP
ADD
PUSHI
PUSHI
PUSHP
MUL
ADD
LOAD
PUSHI
PUSHI
PUSHP
MUL
PUSHI
ADD
ADD
LOAD
ADD
ASSGN

REMOVE

SYNC
JUMP
PUSH

OUTPUT

HALT

8
16

21
0



