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An Architecture Independent Method
for Process Migration with Translator

Ryoko SHIMOKAWA! and KyoJi UMEMURAY

This article proposes a method to transfer a native code process in architecture independent
way. This ability is useful to build agent systems. We have implemented a prototype of such
agent language systems as a translator. This paper makes the method and the cost clear
by this prototype. In order to realize migration among different architecture machines, we
have defined constraints and developed a translator whose output satisfies the costraints. The
output codes are able to generate an execution context in machine independent format, and
able to resume the execution with the context. Though the program is executed in the native
code, it can migrate among the machines whose archtecture are different. Moreover, we need
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only one translator for the different archetecture machines.

1. 3L ®» I

SEABORBHMEL T, 2=V ¥H 5.
I—VxrbelL, PHICIVERLEREHE T
B, TITRRTWVAEL—VxybEldara—
YEOBEIIBWT, drarva—Fhbfinar
Ya—#iw LT, ETE2EKETIFREZ00%
kL TUETZHRT, PRIV 7 b7 TH
BOZETHDH., TOUNHETEELDIL, TOFHSE
BEYVFOIYE 2 — 5 TREFFTORTNDEERT
BB EDNTE, FIFRMDa L a—-y TEOMHE
DERERITHIENTEBLILTHA. 2, B
HEEOMTIY T ARBETLIIENTIB LN
I EThAH., BAVPINDPOLBREL -V i
KO ICEBERTESa YT 7 A N2 BEIT & D16k
DZEThHY, TOWETHEOSHEL -V IIE

[=§:[s]

t BERM R ERREHR TR
Department of Information and Computer Sciences,
Toyohashi University of Technology

2553

FELEHRTA.

IV bRERTIHFEOE I, RKES oy
FEAREOT O YO EICEBRL T, 20 L TETE
TH7AL T A EBEL TV, I, Tus I
EREOERD ) A THREMIONL P -FEREL
TEHLTWAI L HEUANH 5.

—7%, MEOMIHEBOLTaS T I VT EED
ERFEIZ, PIVAL - EBVWBFENED L. Th
bbb, HLEELIEfEDRTOLEECERT S
ECHEMT I SELERT A FETH L. COFE
T, 2=V x> bOaA—-FHIBEEEDOARATF 1T
a—F CEMET 5.

FAcld, T—U v OFETHESBEFM LD B
BAPICEBVWRHETERNTHLL IR TV AL —%
FROL—Y 2 FEZIZOWTHREL, #0710 b
FATRERL . BRI, SRR A
BIL—T v EEEHREL, FOSEIL CEHEAN
DIV AL—F L=V s 2BETELODDS
475 ) EERL 7. RADBET 2 HATIE, KiE
SEWBLE o NIV AL =S RBVEOTIEE L, 1



2554 BRI A5

DO TV AL —F CHEHEOBIEIIET S LA
TELH. ZOME, EUICHRE SN 7z Unix TEIEL
TWAEYATALT, ETTAHI 22— DT —*
FOFXIBEETIC -V 2V b R RATF AT I —
FCEESCAZ LA TEL LR

AT, A F4 72~ FTEfET 52—V x>
FOBRBEBHTCORBEFRICOVTHENS,

2. 27y EREEEKRASH

FAE, y-0 Y P EELLTCSELHECINS
AV =72 L7z, ¥4 v bEBELIE, RLA0ME
BL72F Iy AL =22 X o THRENAEROSE
DZETHD. RAZCOVERT 7 7L HINS
ZEBHNELFPRTWAEETH 720, Th%
BRL. ERLCEELTPOLEREZ &L, AR
FHERTHOIEMRbDERELL. Ty DHE
IERELT, By, 2k, &L, BRTEIEE
MWL, 2z, ERLA-SHEOBEEE > V4
TIRETHEARELHED. POR—FHME b0 &
LTRBELIH, ThOoDOBEZITTHIHEEL T3
CHOT Uy 5 L6%2ELODRBENTIHE TV 5,
$7, BEEEHIRT A LICOVWTIE, BEDSED
BEED YRR FE & FARICAT 1 X,

A L RO L o fF R SRR CRBEITA B X
KT BIEN, ZOFNFY AL -7 HRTERT S
IXCEELEETH 5.

BARM9IZIE, PO I Pascal ICBI7- X% 5, mi-
grate X FOSETHH. 1 IIRTON, Hifik
Ty I uBTH B, 7T4TED migrate A5 IHO<
YDAV E =T VAT LCEBELT, Sus T
LA BETTHHEEERLTWVE. o/ us 4
i, ioEEFHAOLAYZY AV LTV us S
AT, iD2LEICHRDE avenue E WV T L UIIE
TEBL, I-i0EPHHTATUTTLTHE,

program samplel;
var i;
begin
i = 0;
while i < 10 do
begin
if(i >= 2 ) migrate avenue;
i=1+1;
end;
write i
end.

1 POOHIIATISTL
Fig.1 Sample program in PO.
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extern int sp;
extern void (*C[]) (void);

void main_loop(void){
for (sp=INIT_SP; sp>=0; )
{ work=C[--sp]l; (*work) ();}

2 EOALN—Fr
Fig.2 Main loop of execution.

char * name_of_function(void (*work) (void))

if (work == &x0001)

{ return("x0001"); };
if (work == &LO0O1)

{ return("L0001"); };

fpfintf(stderr,
"Cannot get name (%x)\n",work);
exit(1);

3 BCR AV 8 h o BEBRAENOER
Fig.3 Translating function pointer into function name.
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void (*point_of_name(char #* name) (void))

if (strcmp (name, "x0001")== 0)
{ return &x0001; };

if (strcmp (name,"LO001")== 0)
{ return &L0001; };

fpfintf(stderr,
"Cannot get pointer(%s)\n",name);
exit(1);
}
B4 LS REE 1Y 5 ~OLHR

Fig.4 Translating function name into function pointer.
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--in PO--
/* statementA */
fn(Q);

/* statementB */

-—-in C -~

/* statementA */
CLsp++]=&x0001; Clsp++]=&fn;
return;}
void x0001 (void){

/* statementB */

5 BHEFOHL ORBE

Fig.5 A translated code for function call.
~-in PO--
L. cene
goto L;
--in C -~
CLsp++] = &L0001;

return; }
void L0001 (void){

Clsp++]=4L0001;
return; }

6 LD ZER]
Fig.6 A translated code for branches.
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program sample2;
var i;

: procedure fn(n);
i =1 + n;

begin
i:=0;
fn(3);
write n
end.

- BRAER () -~

static void fn(void)

HROWONDUTdWN -

-

sp += 2;

r0 = stack[l] /*from line 5%/

stack[s ] = r0, sp++;/*Push rO%/
= fp[1]l;

stack[sp] = r0; sp++;/*Push rO*/

sp--; rl = stack[sp];/*Pop rix/

sp--; r0 = stack[spl;/*Pop r0*/

r0 = r0 + ri;

stack[sp] = r0; sp++;/*Push rO*/

sp-~; r0 = tack[sp];/*?op r0O*/

stack[1] =

return;

}

static void sample2(void)

sp += 2;
r0 = /*from line 8%/
stack[sp] = r0; sp++;/*Push r0*/

sp-—; 0 = stack[sp] /*Pop x0*/
stack[1] =

stack[sp] fp - stack; spt+;
0 = 3; /*from line 9%/

stack[sp] = rQ; sp++;/+Push r0O*/
sp -= 2; fp = &stack[spl;
PUSH(new_function0); PUSH(fn);
return;

}

static void new_functionO(void){
sp = fp - stack;
fp = &stack[stack[spl];
r0 = stack[0]; /*from line 10%/
fprintf (stdout,"%d",r0);
fprintf (stdout,"\n");
return;

7 Hr7NTar5akE0BRER
Fig.7 Sample program and its translated result.
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0 : BRAY v 7 [2] ORE
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Fig.8 Sample of program context.
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Table 1 Execution time.

C C (hoF PO (b5 RL—%
a-F4r7) | 2FH)
FERFFOHL | 0.9 | 488 9.1 %
(5.3 1) (10.1 %)
V=1 29.7% | 93.6 ¥ 323.5 #
(10000) (3.2 %) (10.9 #)
+—F 0.6% [20% 7.2 %
(1000000) (3.3 %) (12 #5)

¥ () ADERIZ CoTuy 34k 0EFRROLE
FEATHRE | Sparc Station5, 110 MHz, 256 Mbyte

program test;
var array[10000],ans,k;

procedure sort();
var i,j,max,jmax;
begin
i:=0;
while i < 10000 do
begin
max := array[il;
jmax := 1,
J =it
while j < 10000 do
begin
if array[j] > max then
begin max := arrayl[j];
jmax := j
end;
array[]max] =array[i];
array[l] =max;
ji=3H
end;
im=1i+1
end
end;

begin
k := 0;
while k < 10000 do
begin
array[k] := k;
k k+1
end;
sort ()
end.

X9 PonTOry A
Fig.9 Sample of PO program.
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static void sort(void)

sp += 5;
fpli]l = 1
PUSH (new
return;

unction0) ;

static void new_function0O(void){
if (fp[1] >= 10000){return;}
fp[3] = stack[1+fp[1]];
fp[4] = £p[1];
fpl2] = fplil+1;
PUSH(new_function2) ;
return;

static void new_function2(void){
if (fp[2] >= 10000)
{PUSH (new_function3); return;}
if(stack[1+fp[2]] <= fp[3])
{PUSH(new_function4); return;}
fp[3] = stack[1+£fp[2]];
fpla] = fpl2];
PUSH(new_function4) ;
return;

}

static void new_functiond(void){
stack[1+fp[4]] = stack[1+fp[1]];

stack[1+£fp[1]] = fp[3];
fpl2]++;
PUSH(new_function2) ;
return;

static void new_function3(void){
fpli]++;
PUSH (new_function0) ;
return;

}

static void test(void)

sp += 10003;
stack[10002] = 0;
PUSH(new_function§) ;
return;

static void new_function6(void){
if (stack[10002] >= 10000)
{PUSH(new_function7); return;}
stack[1+stack{10002]] = stack[10002];
stack[10002] ++;
PUSH (new_function6);
return;

static void new_function7(void){
stack[sp] = fp - stack;
fp = &stack[spl;
PUSH(sort) ;return;

Ri0o Ny rFa-FarryoCcrur i
Fig.10 Sample of handcorded C program.
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