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ABSTRACT

World Wide Web has potential possibility of infrastructure for parallel computing environment connecting
massive computing resources, not just platform to provide and share information via browser. The approach of
Web-based parallel computing has many advantages of the ease of accessibility, scalability, cost-effectiveness,
and utilization of existing networks. Applet has the possibility of decomposing the independent/parallel task ,
moving over network, and executing in computers connected in Web, but it lacks in the flexibility due to
strict security semantic model. Therefore, in this paper, Web-based parallel computing environment using
mobile agent, Aglet (Agile applet) was designed and possible implementation technologies and architecture
were analyzed. And simple simulation and analysis was done compared with applet-based approach.

* A3 AEdistn Aanst st Az edoisint 2ug =R 12002, 2. 1L
AAIE ;2002 2. 23.
¥ B e 2000UE AMHCHStR XiR|BdRA oiFH| X|HSE O[RHERE.



210 BERAFHELEHETEE R 2002, 2, Vol. 3., No. 2, February

1LAE

AFE7E NEE olgE o ME FAFEE ke
AHEAE] 274} o3 a7l B-33] A HF
B9 A5s TR AR} FEAe] k¥
2 #YQlol A&Ho] gtom, dezw AL B A
oltt. AFH Al2EeY Aee e WS
ZIRAQY dEde] &9 s FHLERE AR
A, A= LxEGOd] dF ¢, AR A
Edo ugs £ A2d 728 23 5 A%
T T A 7 A2 el 7bs I ol
& Ho © ME 14T AFEE TEE BN
dolde) a7E vES sled wdoz sl
MPI(Message Passing Interface), PVM(Parallel Virtual
Machine), DSM(Distributed Shared Memory)*] 2~%5-2]
YEY 7o) AFREALZE 2 A7=HAA &
ok ey ojeigt VIES 7kl AFEH Fe2He
A83E 7189 AFEES o183t BAAY A
28 75 5 Yo AL Y, HE A
& AESHER 740l 8 AFode o Ax"eA
A, UHZAS ok 3iH, goluye L P
Alzel) A Zzk dAsof ske FEI 434%
< slde vEIGE Aold AFE S g
AT Aol dedithe EAIHCl EATY xR
ME Aold AXFER 8t t=gofjAZEY ]
o @ FAET 2 #AFHHIEe] Eoe FAFA
EARE s 9o o dig 450 33w
234 FATY FE3 DAL I3l Y& B
SAE B O R AL R IR
L2A7F olEl, & B ZHFH Aol AAHY
e BE AFLE AT JhFzEA o)8E
de FAAAA 7FsAde AL Aok 9 Tivtew
& HEAFEL V1S S Hidte U ALg
Aol Aol ek 8old, A, wiEdl AR
A WEAN2E 7Z9 8ol4, V&Y MEHAE &
48 F dve FhAA B ARE 7Y ue}
A HI/dol &old o dAHY Sle AFR =
EES UE HIXNFYC HAFEALER B3
€ @70l 243 JPHAn AT ¢ Ve
9 ZE olFxL e AuRiddAMe olFI=
(mobile code)?] WS 7FAIL S applet> B2 Al
4 ZaE s ZEado] SYE wHEAYe=

EEo] 949 o =EEZ o|FHo] o] H
old & e 7FsAE AN Fu ok 2y
Apu} applet& BQbol gk Edlide] Aofo g 15k
Az HY el H3o] slgsin FeloldE
7} applet EF3L JE FAEE] HEL o}
Frhe FellA fAde] BE31 3, 9).

old] g witez YR FH BMATLIME
applete] 7del] AXHoz FAYS MY 4 Qe
og VRt oFd dodER & F e
Aglet(Agile apple) S 73T [24,5] Aglet2
AFEHZHEH YE AFEHE T2y I} A
U Holgg &2 4 9= A% Aup A (lightweight
Java object)e} & 4= SlTh. wElA] Aglets} 2 olF
g do|AES] o]&e theF e FHFE /M
Ak AA HEHZ H3E 2d F Aok FolA
AAdE M3 At AGFoz 449 § 2
SEE A45F8L BeE 3 HY o AR
de BAZZEZ JE3A Hewl o]Fd do]
HEE o83l A& ¥ UEYaLY F3}E
£Y & Atk F HAZE o]FF JOAEE o)&
T HTPELS AN 8ol Jhsdlth dE 59
339 AzAANME AAZE] Aolrt Bashi
Ho YEYIE 58 Alole 433 FEATE oF
7INFNE HHE o]F oo]dE= AATL Aoy} 7}
58 F Utk A HAEE 38 BASAGA Ho
E7} mge] H7| fJslds ZREZS FH3}E =2
=7 43870 AXEejol gtk a8y o] =
ZEZL A& B FAE sld HAA &
AL 3 = ol #A BFdol ste EAE A
2E ZAE ARt

ag o)5Y dojHEE J|Ro Z2EZ W
Aol AZE Adchamel) g HAs= Aol 715314
TR2EZS ¥3Kencapsulation) O o] FA
& 2% & Utk EBF o|FF ColHEE HIFIA
ojm] Ao Z FeYo] 713 FHAE H-go| 7}
537] WEol applets} WmE o) t] {IAFHoW o
B 38o] et Y YA AREEEE
2AHo7 jj=sojHog) AZEO]HOR o]y
Fo] AAPZ} = oG BN o]FF oo|HEE
HFE transportA| Foll = SR Ao ©x| 48 873
ot 42 0]7] Wi o]5Y oo]HEE o)A §1
T #9% H3o 2AL AT F Aok



= E Aglete] W3 72, o ol&3t
7l HE AFEEA A NEH dA
I g AlgF ol ol mE
o2 =i 7 o 2tk
274l Me Aglete] Mda 7271 =2 Hn| 3704

Aol g 71&F olfret
AgletE o] &ste] M HFE A WF N3
A7} o]FARTh 4FME R AlEH ol
w40l applet7]he] W3} Blmwdla] o] Fo)rh.
iAo 2 5gME ZABF FF ATl st
AFFch

2. Aglet®] &

Aglet2 QIEUMOlA 3 SAESRE 2 &2
ER o)F% F e Au AAZ & F dt &
& S2EA AL 3} Ay SuEe 4F
A9 e I2ER BUAA Ads AL +
th Agleto] ol5g w =21 Izl dlojE <]
7t olFE & lon Als HAYGE I2EM
elds WAE B AAUESE B3 R4S
B3 Aok Aglets o83t o]FF oo|AES
T8 95 AEr)ute] framework 2.2 IBMo)
A 7RekE Aglets Software Development Kit(ASDK)
o] Jown MAXY} Tz QEjH |29 3 T
2EZHE U8 ZAER FS9 oy AR
£ o588 & Jr WAUET EFRIA A
da A 9 Bl dAYES AT
Agletd ©]&3 olFF Ao|FE i Hasd <
Elglo]2 HF  APKApplication Programming
Interface)2  F703t YOoB o]E Java Aglets
APIJAAPDE} 3Hch

Aglete] AWF7|= oS3 2ol

€T o] 3
© 2713453, Maino| He F&o] 357
AR dA o]k
(2) Cloned : AA| 4elE 2t BA £& A4
3t & FYF Agletg s O weE
Aot}
(3) Dispatched : A2} FeiE FASHA A=
+ ZXER olF3A Hoh

AgletZ o] &g ¢ ZIvt WHEAFR $3484 21

(4) Retracted : A AENE 7}R|1, 9HELE
ZXE dlZ o)dd| Dispatchedd FTAER
Fo7HA ot

(5) Deactivated : TA3 S8 RR7|ARX| 6] A}
B AR £& 71231 SleepAE|2 Soj7it}

(6) Activated : TJ2=3 59 Hz2I|AR| A B
A=} A 52 AAsHA "Hek

(7) Disposed of : Agleto] AFEE HE Ao
FHFE Fol BF §lolAA Hrh

o]} 2 Aglets) ABF/E =48 & oL
3 2t}

ContextA ContexiB
Clone
Dispatch P 4
CIsGeed | (Aged | pie
Retract B

Create

by | storage
[J8 1] AgletQ] MHZ=D|(Life Cycle)
[Fig. 1] Life Cycle of Aglet

3. AgletZ °]-4% 9 7l W2 AFY @
73 A

3.1 § 74k yaANe

4 FepolRE/AMHEE R S4d=o] & 5 gle
v olg 7lilez & WY AFY I w3 7|2F
oz ZTojdES Mrde A 788 4 o
FolAES MRl AMALE HeE 3= Al
2 Fe AeR AZEE F 9lon Nus
olgg Fto|dEANA AFHY AYE AT
Z F U 939 dAHo] ' I2ES] °d &
Atk =g ol gk FefolAES AMuAlolellA Fm8
% FFE FAEA & F Ae dFY FAA
(Broker) Al2~El 2.2 ujelr{vi(Metaserver)7} o T
A Eoh AFAQ 4 Nt ¥E AFE B35S
TE817] g 217 ol AL & Y& JIEE

& tew 2o



212 WEAFEHEEREEES HEE °2002. 2, Vol. 3., No. 2, February

o SojoE 549

Yol 2597} Zo] T AL A @ u)
Bole AuMY 4A F2E & e F2 gl
4% B eATe Be AdHC2E 53 A9
AR wgolrt. it Yo} 7l HE )
L O9EE A Ao oFojRE 4 Y
Al=jle] 2248 T glew ARFE HYER A
8o H7] teds HEN AFKE Azdoz
¥ wasolol @ "ao] &AskA @k wel
A At ARAAIE 29 3HE BFE A8
Y2 AHY Aol d2HY e B9 AFLe
A irza 33 FHAI7) sl 9 A
Z23HY B3AL A="o] "as)

o A Z0l
Aue 7 we 2eoldEdd) Yoy AEY
A9 AT F= A2dozA U 7 AR

839 PHY ¢9E AsAE Bt AYER
71E0] Basin. 97]x e Betold B¥Z 2 o)

T =EEE o83l AP Fo AFH k=
B e AR 7 @A ga FEsAY, ¥E
Z2age oy #3237 ¥ AFHA 2
AR g YF k=of o8 HIzhe AL WA
ke Aolth Z¥E 8o BIHUFRY Fdsie 2
F8 =EU Aue) o] TAsHEE W%
Bazeago] gdad & YRS 37 93 e}
A Eg 482 2A F 7R YR 2 £ e
H shie Mug AFE =29 38 TN
Agoln & & ke #AFY k=) 9 )
R Y3 Y AGANA AHE FA HUA
U Zxd 2345 Bile Afeld

o FAA A=d S

A3AA 9 7 WY AFEEAE side
2 AR A28 A YFol FA
A AzEe BE A FAeshs 949 AFH
=xd g 55, 49 Z=a9, Aesdd gg
BAE 5L FABEIY olg yplog Wymzo
ol AFY ==8dA BgHoR AP 3

= T5E 479 AFEY A @A AY
°of #53A EHL Y o) EeFes ¢
BHAE s 9L Ak ol Fd9 B

T8 A7} A APole ¥EAS FE9
|8 & Jdonz AP S SHHL 5
oy BAoE eHdsrl AQegyd Xag
Ak wHEd] #¥8] dAAI7F E AelE UiA
Holgles WEAge o]8g &4 & gonmz A3
Fgo] 2od = Utk HAY AR Y
Y3EAE NP-ZAZ 2ER gon maly o
A =2 g P9} F93 AFE T
oA W3 FRE o83l Ay B ¥ 275
< 3ok FE griE o] ¥ oI Fx
g 2AEY dugFo] AF=Holo Ik FAx
A"l Ao AE4E Fo)7] Y3t Fajo] 2
9Ee 2% B9 ol FRE 2ARE ByFE
Ao tAAE izt so] glojof gk

FTAA A2E Ndsied doid "ad Fa
71&EL ey 2k

A FAZ A2RE TR oM S29
AFE =59 dF ARE B 93
+ LDAP(Lightweight Directory Access Protocol)sl}
78k API9] o]&3} o]& o843 FH)o] I
ssity B FAZ A2"d AR sy
AR FAH HIALRE Y5t EEHA B
713 B4 AA)7]ec] e "o HygzZzga
Hol AR =EEL ojFst APshe Fo AR
B =T e As &7 ¥ g1 FIsA,
HEax2 I yigoy s3Axr} ¥E AR
FAsA g AR ko g Aok AL W
Ast7] Sist] hgd Belr)Eo] HgHojok gt
3 YEYFe AT L&) B ey
ol AR ok AFE ==u A9
Adgo] BT 35 BAAFH| gu”
T A=E 7] 93 Wad vi&otk orly 2
e A F /HE Wro] B $ gk shie A
U ZAFE =29 $38 FOA7E Aoln &
g shie AFY oyt $3928 AdAA Fa
€ A ByAY Z2RE 2F3E BUE 3otk
FAA A2"o] Mule] AL Fol7] std 4
o] Fus= A 2o ol IRY AP 1

FE A% dsiME diEizt "ol glojor gtk
ol Hgtd AZE 7N AgduYsEolt A
F87)&0) PashA "ok

o
—_—

4 32



3.2 Agletg o|43% 9 i 92 HFY
7l 4A

Agletg o183 9 V)¢ W A% B A
A PH%E st 2o

We bd\ Fe
o
A% Aad

1S3 U AUILHE
2, agletS Al ZE 0}A

[ Window.T, Linus |

[T 2] Aglet2 0128t & T2t H& RS &9
NEH P
[Fig. 2] Conceptual Configuration of Web-based
Parallel Computing Environment using Aglet.

olg 37| Y3t Had FQo AANEH I
o me A9e g gk

class ServerRecord [* TEF AMHE9 JHE X
ke T2A)

String ServerID

String name

String URL

int CPUPower

int Storage

class ServerProperty /* T5E AMHEES AAs}
I, 2= 5 JES #de FYgx

Method

public String getInfo()

public boolean setInfo()

public String[ ] getServer()

class MobileCoordinator [* oo|HEES ZAE}
o MW EA dHd FAYE 2 3k

class TaskHandler [*3#A9] A& <43
Runnable interface® 7@ )

class BrokerServer [* ©]87}53%F Tihiti MBS

Aglets o83 § 7|d HAHFE FF4A 213

#esy o3 JHE {4 Tk

class Hcinterface /* AREA} QIE|Ho|AE F&3H
= Fa

class WorkingAgglet /* AAZ 2tjo] 4si€
oJAEO|H 7B AMNAAE /IA T A AYE F

Pyt

4. A EdolA

B ZAME aglete o183 ¥E AFE 840
A g Algdol st AlEdold A mE ¥
Ao Patoidet. AlgH ol Y3l AAHNUE
4e] AFEAA olFoiRen ol AFHY A
= <% 1>3 Zth

<H 1> NEOIM0 AMSE EFE &N
<Table 1> Computer Spec. on Simulation

Computer CPU Main memory | HDD
I Celeron 700 256M 20G
I Pentium IIT 800 512M 30G6
II | Pentium III 800 256M 30G
IV | Pentium IT 800 256M 30G

AEgolde] A"  wXulm ZEaYge
Lawrence Livermore LoopZol|A] ®lm&d 7193t 3
B9 LLLIZ2 39S N9ty Fxo WHEI-E
400004 1100002 W)

A¥d9d= A7t A9 gtz o] R3]
onl z} Zgof Ui AL oS3 2k

case 1)

FERFE] ofd ¥ AFEoIN WHY LLLL
& Ay 3%

case 2)

HEE LLL1S n/l9) appletod £33} nrj9
Mol 4& o] 83 HEAPRFEE & B



214 WBEAFHEZEHFES HCEE "2002. 2, Vol 3., No. 2, February

case 3)
HEY LLLIS n/)¢) aglete® 5331 nrje
AHolA 4& o83 HWAAFES & B

(28 3] & case 1o] g BRHY case 29}
case 39] speed-up & HFi gtk

[2¥ 3]914 EXo] ARt Aoshs AFH =
£E59o] Zul3te] wel speed-up factor EFF E=71S
3ka lom, At Bl k=g FNETE
speed-up factor T3 ¢ F7I8H). <jgdt olfe
i 2 o8 ewF=sol Alitd wE HAFH
o) k=Eo] F7IEEA ZUAQl wigo] Tadn
E3 HIANES 53 Aol ARz FE
2Ju)3ar ok Case 29| applets} vluE W) case 3
] aglet?] speed-up2 oA o2 Zkor} agleto] T
B $80] 753, o B Y rFeAdE b
AR Ytk dE BH A3 AT/} o= Az B
9 AQESIEANA aglet> to|E]H]o]29] A
(update) A4t o] 7Fs3H, dhte] agleto] EAE
o} we] AHE Alola o]Fe] 753, applet
oquigy a9 e dEol EVFssAY AYgxd
£ st doh

[O8! 3] &AFE = SO0l M speed-up factor
[Fig. 3] Speed-up Factor as the computing nodes
increase

5. 4%

Aglet7l=S & FAREEZRE e AFHRE =2
2 z=¢ JEd dolEE §2 & s A% A
v} 2 (lightweight Java object)?] TA)o| XM=& 2
3 AFEIE Akl Anl appletiol © s
AL & F ok mEby Foj Ade WEHe
2 HH7] A8t A9Hes 29 § A9 =
ZE] A3RE Aol o]FH ofo]HEQ] AgletS
o]83H W AHE €& & Ik B =FdME
Aglete] /@3 X, olF ol ¢ 7wk WE
AFHER i AEF A FARC] =9
X G A EFH o)A oo wE BXo] P33R
. T dFENE 9 BN g AFH ==
oA aglets AMSA € o It Az
A A2 Apdo] Hasir} =g old wE
kg Wixeta Z2adEe] iAol ¥F 4o
TF2A o} Ak



* FEd

i1

2]
(31

[5]
[6]

7]
(8]
191

[10]

P.H.Jr. Enslow, "Multiprocessor Organization
- A Survey’, ACM Computing Surveys
Vol.9 No.l 1977 pp. 103-125.
http://www.trl.ibm.co.jp/aglets/index.html
http://www javaworld.com/javaworld/jw-05-19
97/jw-05-hood.html
http://luckyspc.lboro.ac.uk/Aglets/

Java Aglet API WhitepaperAglets

J. M. Andreoli, F. Pacull and R. Pareshi,
“XPect: A framework for electronic comme
rce,”’ IEEE Internet Computing, vol. 1, no.
4 (July-August 1997), pp.40-48.

AuctionBot URL: http://auction.eecs.umich.edu.
Firefly URL: http://www firefly.com.

Albert D. Alexandrov, Maxilian Ibel, Klaus
E.Schauser “Superweb: Towards a Global
Web based Parallel Computing Infrastructue”
R. Guttman and P. Maes, ‘‘Agent-mediated
integrative negotiation for retail electronic ¢

Agletg o83 4 7|t W§EH

[11]

[12]

[13]

[14]

FE #A34EA 215

ommerce,”” Mediated Electronic Trading Wo
rkshop, Minneapolis, MN (May 1998),

D. B. Lange, M. Oshima, G. Karjoth and
K. Kosaka, ‘‘Aglets: Programming mobile a
gents in Java,”’ Proceedings of the Internati
onal Conference on Worldwide Computing a
nd Its Applications, Tsukuba, Japan (March
1997), Lecture Notes in Computer Science
1274, Springer-Verlag, Berlin, Germany, pp.
253-266.

Karjoth G, Lange, et al. " A Security Mode
1 for Aglets, IEEE Internet Computingl, 4,
1997 pp 68-77

White, J. Mobile Agent, In Software Agent
s, Bradshaw, MIT Press 1997

P.Evripidou, G.Samaras, E. Pitoura and C. P
anayiotou, “ PacMan : Parallel Computing
Using Java Mobile Agents” , 13th ACM Int
emational Conference on Supercomputing(IC
S), Workshop on “Java for High Performanc
e Computing”, Rhodes, Greece, June 1999



216 WERATFEEEHEEE Hsk '2002. 2, Vol. 3., No. 2, February

HEZ

19853 Ag&ustw
AEATT Z(e13Ah
19874 N-gohsta
AEAS T s
A F (o] 8D
1996'3 Al-&uhstm
AEASE digd
T8 Z (o) hatAD
A Fadstn

AZEQOIY Zis




