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An Implementation Scheme of Mobile Threads with a
Source Code Translation Technique in Java

HIROTAKE ABE," YUUJI IcHISUGIH and KAZUHIKO KATOft

In general, an object consists of program code, attributes, and calculation states (so-called
threads). When we use Java as a platform of mobile agent system, the transportation of
program code and attributes is easily achieved by using the dynamic class loading mechanism
and object serialization that are provided as Java’s standard functionalities. However, it is
not easy to transport threads from a host to another, because a standard way to access the
contents of threads is not provided. Thus most Java-based mobile agent systems only support
the mobility of program code and attributes. In this paper we propose a scheme to implement
mobile agent system that allows to transport threads using a source code translation tech-
nique. The emitted code are standard Java code, so the scheme is portable. The scheme also
includes several optimization techniques to reduce the overheads incurred by extra instruc-
tions inserted by the translation. We also describe an implemented system of the proposed
scheme. The system is implemented with EPP, a platform for implementing the source code
translator. We present an experimental result using the system to verify the effectiveness of
the presented scheme.
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public void run() {
migrate(hostA);
job(hostA);
migrate (hostB);
job(hostB);
migrate (hostC);
job(hostC);

B1 v A7 —varofl
Fig. 1 Example of strong migration (1).

int state = 0;
public void run() {
switch (state) {
case O:
state = 1;
migrateWeakly(hostd);
case 1:
job(hostA);
state = 2;
migrateWeakly(hostB);
case 2:
job(hostB);
state = 3;
migrateWeakly(hostC);
case 3:
job(hostC);
}
}

B2 fuvArL—varofl
Fig. 2 Example of weak migration (1).
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public void run() {
for (int i = 0; i < hosts.length; i++) {
for(int j = 0;j < hosts[il.length;j++){
migrate (hosts[i] [j1);
job(hosts[i1[j1);
}
}
}

B3 vl s7b—2arop2
Fig. 3 Example of strong migration (2).

int i =0, j = 0;
boolean running = false;
public void run() {
if (! running) {
running = true;
migrateWeakly(hosts[il[j1);
} else {
job(hosts[i]1[j1);
if (++j < hosts[i].length) {
migrateWeakly(hosts[i] [j1);
} else {
j=0;
if (++i < hosts.length) {
migrateWeakly(hosts[i][jI1);
}
}
}
}

B4 A7 —varop?2
Fig. 4 Example of weak migration (2).
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void foo(){
mi();
m2Q);
n3Q);
}
B0s 4o xv v F
Fig. 5 Method before translation.

void foo() throws SaveContext {
try {
nl();
} catch(SaveContext e) {
/% save context, pc =

= 1 */
throw e;
}
try {
m2Q);
} catch(SaveContext e) {
/% save context, pc = 2 %/
throw e;
¥
try {
n30);
} catch(SaveContext e) {
/% save context, pc = 3 */
throw e;
T
¥
e JATIREORAT
Fig. 6 Saving the execution states.

void foo() throws SaveContext {
int pc;
if (CIREEBRP>){
pc = <BEIFEEN TV D pe>;
} else {
pc = 0;
}
switch
case O:
case 1: try{ m1(); }catch ...
case 2: try{ m2(); }catch ..
case 3: try{ m3(); Ycatch ...
}
}

(pc){

B 7 SErikEaud
Fig. 7 Restoring the execution states.
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void foo(){
wvhile (e1){
while (e2){
ni(Q);
n2(Q);
}
while (e3){
m3();
mé();
}
}
m5();
¥
8 *ANLWEBEEFEOAYYE
Fig. 8 Method with nested structure.
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void foo() throws SaveContext {

// pc DEL T — 71 VERDOHEOER

// B’E 3D block NEITHE
switch (pe){
case 1: try {m1();} catch ...
case 2: try {m2();} catch ...
break;
case 3: try {m3();} catch ...
case 4: try {m4();} catch ...
break;
}
/] BE 2D block DFEFTFH
switch (pc){
case 1:
case 2: while (e2){
try {m1();} catch ...
try {m2();} catch ...
}
case 3:
case 4: while (e3){
try {m3(0);} catch ...
try {m4();} catch ...
}
break;
}
[/ ®E 1 (FyTLAV) O block DEFTHH
switch (pc){

case O:
case 1:
case 2:
case 3:
case 4: while (el){
while (e2){
try {m1();} catch ...
try {m2();} catch ...
}
while (e3){
try {m3();} catch ...
try {m4();} catch ...
}
}
case 5: try {m5();} catch ...
break;
}
}

B9 AL SO OB
Fig. 9 Translated code of nested structure.
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void foo() {

Lt:
for (...) {
for (...) {
bar(); // pc ==
if (...) break Li;
}
}
}

B 10 FAPLIV—Th0 OB AR
Fig. 10 Breaking out of nested loop: before translation.

void restore_foo() {

e ey

LEVEL3:
switch (pc) {
case 1:
if (...) {
pc = 2; break LEVEL3;
}
}
LEVEL2:
switch (pc) {
case 1:
for (...) {
bar();
if (...) o
pc = 2; break LEVEL3;
}
}
}
LEVEL1:
switch (pc) {
case 1:
Li:
for (...) {
for (...) {
bar();
if (...)
break L1;
}
}
case 2:
}

E11 HRANLZV—TH0 ORI | Sk
Fig. 11 Breaking out of nested loop: after translation.
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void restore_foo() throws SaveContext {
/] —BEDTL —ADEREITAV Y F ERIER
switch (pc){
case 1: try{restore_mi();} catch ...
break;
case 2: try{restore_m2();} catch ...
break;
case 3: try{restore_m3();} catch ...
break;
}
/] —BRED AV FOETHRTLES,
/B BROETEHETS.
switch (pc){
case 1: try {m2();} catch ...
case 2: try {m3();} catch ...
case 3: break;
}
}
B 12 BREFAVYEF
Fig. 12 Restoring execution states.
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#epp Generic
#epp MigThread

class TestGeneric extends MigThread {
mobile public void run(){
TStack<String> s
= new TStack<String>();

migrate(anotherHost);

s.push("str");
.

ét.:ring str = s.pop(); // F¥ AMTE

e ey

@14 ANEBTOT 5T NLES
Fig. 14 Example code using our system.
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Fig. 13 Workflow of source code translation.
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mobile public int mobileFib(int n) {
if ((--count) == 0) {
count = cycle;
migrate (anotherHost) ;
}
if (n < 2)
return 1;
else
return mobileFib(n - 1)
+ mobileFib(n - 2);
}

B 15 FRINWAE=NA VT =T b OTRT T L ()
Fig. 15 Program code for examination (a part).
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Table 2 Itemization of processing time.
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100 | 12505.7 1688.5
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300 | 12430.6 6290.0
400 | 12462.3 9586.6
500 | 12523.6  13534.4
600 | 12520.6 18122.8
700 | 12569.6  23400.9
800 | 12582.6  29066.5
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1000 | 12803.5  42712.9
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Fig. 16 The processing times for execution and migration.
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