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An ant algorithm for balanced and dynamic job scheduling in grids

ABSTRACT

Grid computing has developed very quickly in heterogeneous distributing systems for sharing and using the
data resources in order to solve complicated scientific problems. Efficient scheduling is essential to achieve such
high-performance in grid environments. This article presents an algorithm called “DBACA”, by applying
dynamic resource data and based on ant colony optimization algorithm, for scheduling of independent jobs. The
proposed algorithm not only enhances the processing time, but also distributes the balanced computational load
amongst the heterogeneous resources and, as a result, leads to high performance of the system. In the end, the
proposed algorithm is simulated successfully in GridSim environment. The obtained results show that the
DBACA algorithm enhances the performance, has a high efficiency and reduces the total processing time
remarkably.
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Computational grids, Ant Colony Algorithm, Task Scheduling

donio —\

Sl (ot Soods 9 48 iy pole 3 (i Slawbre Cle 5 o Al (612 1A ans aulsl o Slasle 0,5 (555095
l5en i Ly 5 on95 eys50nl Slowlns L 5 sl )T ol Bus g Cenl Sl (55609255 anmgs 0y, (5380955 [V [canlons
Iv et bs 5 sl sloiboslo o Jlus J> sl STyl mlio

. .. . - . \
khajevand@qazviniau.ac.ir ¢l 1 — 938 ¢ codlul ol31 olKiils cleMbl (5,5L8 5 5gumalS (5 (s 0aSCiils g axlgs jauslul .
. .. . - Y
mahmoudi @gazviniau.ac.ir ¢l sl — 5938 « oMl ol31 s8isls ledMbl (5,5L8 g SgualS ¢§ 0 (gwdign 00SLESNS ((g0g020 § )3




Ol olesel BB (o iws a5 aBloo )l 8l0 5 5 )l slun) Slowle w5 rizmen el 05 o (g @l ST
S8 sl oSl ¢ s sl iaeals) | 5Renl i 51 (slacgeze b lolne 0,5 o nlple [FY]sS o pal 31, o)) 5 518
mo35> Lausi 5 I slite g, Sey 5 Slslore bl e gl 5 Sy 50 4 sl LS| o ey oliie 55 (B yigeeelS il 5 bn NS
g o (il il Oglate Canliw 9 (oo o

@ Lo)l5 el gaiile) o oSl G aill g wiS oo sl | (I le @lie Co e g gaiile) loduzy Lams iz 50 20l
o] Cogatl Pl s 3 LI 00,57 Gty g AT o olS NP s oS5 s | alis 5 0398 JSike 5 oo sl qlie

SN sl 650 a5 WS e 0 8 e Condg edS b Billae 1) saiiley o1l il ceilie unile) o s8I S
Ol oS 5 e sl o (e oo b SLesST 0,550 S 4z j30 (ol ooy [0]asl conlin wilgie (aime iz o 47 50
e 5 Bisds Syl (T B 50 b S e (sileand |y 250 sE g L5, & Wil 550 RIS 5 Sialen (50 JF
5 48l parass ol 4 6t (59098 45 |y S el s Sy (9098 45 (S s Bz y30 Lasg 0l SR (gl s sl (19093
Pebies [Ren S Sl Ceow 4y alo oy al> g 00l QBN (s i Sl I b g U2 ie 5o

el oals b)) g Wl Slesle 0y )5 e o )5 saiile) aliess gl DBACA sl ax j50 Sl 0,63 S allie ol po
Sy i )o) Grizred B3 oa ES L (65 el 3 |y e 2 )l g el ilon Ol b sl Lulpt goleria oysN)
@, e o) golpiday w sl 55 D9l se W T e YL SLI Gge &5 WS oo s e Ol sk 1) (Slewlre b
290,85 &by 05 s 5l 00l E glie SLMB IS wislej e 39800 Jloyl 045 s 4 )5 G5k 5l 09h [l a8
sskar 4z j50 50 45 05,5 ol 4z j5e (g3las aAla e (nl I S (o0 dilime | 5058 mlie sl e 2 Wb by 5 SB3lon Ols el
Sl S oley Jhme alools arass mlie a4 azj5e 2 b 5l )5 kS aile; S e ol mlie 4 1) 5 asgaze Jaies
aisle; Gob was als L3 al> e 4 S 1) S5 ploj al> o ol (saiile) 0 e 45559050 5 meiS (o0 demle 42550 p2 (guiile;
lio 2 sk O3l 2 odle @l 5 oad (sl [VIGrIASim Laomo 1o (solgitig )98 AiS oo ks @lin (905, a5 )90 42530
a0 s [VJACA azj50 SolS 1 (e ops8)l 4 S | S ey 0095 Ly alS

5 Llye LT 51 plas 5o a8 DNV-Alwlosges (me (S3lpe (Slatmn s1n 1) (Sslite saisile; slapi o8l plifize 3] sledlo 5o
DY Y 8l eilosges 093 Cin 1) iz 51 ol slaws alius ol limes § Conas JolS gaiilo) w551 plaSons ¢ 0o ulre

o 7 9ree gl il Fae IS po st s Ssate |) s (2D A5 (paie RAS ogdle )5 0 1 saile; Bus ol 1 o
Pl Al mle sasle; leein o8l ST el Jalopinn ;0 ba)l5 gaasle; ;5 s SleeFlial 51 (S FIFO 3,050 ol
S b omie 1, )5 o5 ke Coogas Gull  wlie sl ok psS SNV o e lsiear woand aidly sy FIFO L FIFO
Min_Min ala> ) LS| oz 65 035k yaizman S o Jloy) FIFO o b 1, b5 a5 sl o @) oS o ol Sloslona 4l
oud Byme Y0 N4 N am 90 SIS (sloas, o5 g NA-VE V] Slwlons golatdl Jow VOl Sty oS0t [V F] o 0,02 Max_Min
]

abbor (shemme iz Plase o colin 4z )50 (FolS o)s80l Gl Pl el @l (58 Cunde bg b bae S0 0 5 e
b bs s Slewlre ©pa8 allie cal 1o g, cul 51lo0,S5 gy 2 Gloje ol [ @bia)l 0)l55 5 (2l 0l aslllas Sloay oSl (rizren
5 €I DBACA sl az 50 G5l o251 52 (5 Ligy 9 Ojlste LIS o )sfd So 5 oas 4857 5as o 12l oy Jobo 5o aibe (Slolons
el 00l b3

Al B Y sy (o el dis ol 5o ol bl G859, (59,0 anlllas SOV s icenl oads aibejle O jge (pa dlie Cpl sl
—a P Db it ;0 e el 00l 00ls 7 DBACA (solpicion (soiuile) pin ol ¥ idn 10 g odd gy 30,8 50 mlie guiils)
ol s il Alin (5 S amats g latalesl o) Anmlie c(s3ltnd lis 5



W Buxo 30 ilo sailo w5 =Y
2 ¥ P N . .. . s . e
anlyz IV Vs o ol mlie 4 sacile; winyoSl & g5 b 1y oad Jlol slayls e JYs 5 a8 oo Jlo)l 0,5 pies &

el oo ooy las (V) UK o (guisils;
L= ] ()

il
[— ey
- Raenurce
Ticalk List | L |_
| L i
T :
Z 7
o 3
g 1= T 2
i E "\ Depsiaar S| 2
4 E P
§ E G’;HMW\‘H——-
= \'u\. -
) N

M gsbio il Jlg o5 1) Jsoio
InElogs o Jloy) mlie J¥o @ w8 Laly Gk 5l aSatbics 15 5Ls 5 60,05 aslp Cirogs e )5 Sy Jols da)lS cod
OO ooy 53 ez 1) wlie Shigy Sl oS Egzr 5 DMLl ptas b @lie JY5 0285 )18 (s )3 )5 Ced e
15" olie J¥s saiile; Comliw 4 4295 b g ol pyl5 5L b Gollae LYY YYIiS o 0 jglns (o jaég (2510, £4 o ;o (sldoasjls  oloss
L)l ( By 12! bl )0 90 o0 @i abgrye plis 4 1) lo)l5 0o ploxil (garsle; & 4z b )5 0allS @38 (s WSS (o0 slej |,
sl ams o wlogrs ol )5 Gzl (o 50 45 (Ghso 50 4l 9o (591 mez IS 00 alossy Ol @l Wisd oo Jol
S S |y @55 5 soiile) U2 e 0)kgs b g oo 5 bL & JolS sk

42 390 S5 o 395! 39 S0 DBACA (53 lgiiont i 55531 —Y

Jsbys aolie sbgy (Slowlre 5b g gie y Lawgs ool (o3lo p 5 wox> g olaws caulie 4yl Slowlns 508 b sillae DBACA 4,65
@l b G3lg 5 b Sumdg 58,5 S5 0 L )5 sl U5 ey (siluaineS” w sl al Bam amd oo i ) (9098 J&s 2l Ol
o (5 3lozo 1V

DML i & )8 alanly 5l 0 le 6 loms ol hol aand o LVFlaanl ot ools (las (UKE 10 08 piteses (5 lons
a5 e Slasiio a4zl anS oo Jlojl 225 s &2 1) 355 lal5 05 alauly Gk 51 holS S glie o Boanile; T 5
3 saiile; alyd andl IVY VIasS o gaiile; 1) 5 )15 Go,b 5l oads Jigon slal5 Saiile) ecoml oo ol g )5 Sledlbl gt 5o
ol o sals T i oee p.';%”ill Y-F Lidu 0wl oals ools ylis (V) JSSo
l“:
Information ™ ReqiRes
Server k
| w3

i

.--".’H‘" -
1 RegiRes R ReqiRes |5 Req/Res
Y - ~ B - = 5 - -
Swepl I3 Siep? B Siep 4

I Portal Jobs Scheduler

Client

Resources

Step 3
[YFl )5 s (5 lomo ¥ JSC



DBACA &3 g i 39531 Y-V
oile; ) oaliiul Cga el I8 ormins JLos 4z )50 9 00D @55 s (S35 099958 &S (s3ly Sl ) Az j9e (SIS oSl
s Sz 2B sl )35 o0 b s S (55, )5S B poizr ((8l5 05T s S 5 S s b S e 0wl
Ol )8 s SIS 0 1) (pote i il 59, LI il S e saiiley 0 28 o ) baygSBl A Gl o
Blie 4 ©0gd 2558 jame (59 03092 SRl sl goloiiun (i8] 0 el e iy 8 @l g o)l Lol Cogas g S5 ble
ilwaizaS Sigy ol Bam e Gl L 1alS ol (gag 8 e pie 2 (B30 a4zl b2l oy Jsb 50 5wl oo olans
@B Jlae amil )0 05d o0 plmil lojen jolay alizie mlin (59, Silge jokar bo)l5 sl l 0o 5 baoe jo Sl Sl Ll JS ol
odls z b 325 50 DBACA (solgiiay oyl ol ye ailico )5 00,31 0Ll ooy B odl g9, ol 51 a8 ol 12l S (o Joles

] oo
—oi3ls ol alex 1 alie Cumdg Wy )T Sledbl piwn il Jlo)l )8 s 40 )5 B )b 51 IS cand S aSen o) Al o
(alaly dlewsgs ] ato sl (150958 03 o oy ) e 5 gio o sloools JUiil Wil sl gt j2 (Slaslme 0505 (o o glo
7(*) = m=*p+ Ratej (1)
52 adgl (yga9,8 Jlade il o] g Jawgs Waosls Jlanl wil by Rate) ¢ s Slowle g P g sloodisls  sloas M a8
ol Gy (e 3092 5 adsl (y9a9,8 Tl 0 S (oo S | e BLS ) 6180 (2155 5 ey sl Slewlne Uy 2o
o5k 4790 8 B nedd oo az 90 o 1) (b (9098 5 adsl (19098 da)lS Cncd Sl (oS S g oS (o0 Slml 4z 50 (g0las VAl 5
s Jom 1y 058 gaisilej vale 0 a5 (615 55 0550 JEDH 5 ale o3Il byl 50 Az 90 yo S Gaiile; 1y lale IS cacd Sl
S a5 Sl (g iy b oo JUESN Al e SG Az e G aSGiles Ngd e 00l I3 B milie (55, (Bolai ok ez jge lal jo oS
b oo parasS ate So a8
Mot 4y ke o 4y dgdse e (V) abaly 5 J ate (9098 Sz oy il Sleil gan JI5 41 ] e 4] Jlozo ¥ alo g
Ol sl abl il IS 0aijlo y corte 45 (Jyge )0 rizmen wedise Sladl IS JEie sk az 50 0 lag e ) slroaijlo
Ol & abg o az j90 B3k 5l g 5 weats IS ate o sloosslo 5l (S PBlas aSilej U g mes )] 3 acgins glie Condd (o) e
B ol
. [2;@)“<[n))" +[w; )" _ ,
pj (£) =1 Tu{lru®1%m)Pluu )Y} J, u€ online resource left (V)
. others

oloj 0] g Sligy sk osSre (1) w2eal T(+) Joloo o8 el j gio sl lls M el T lo) 50 e (13098 Ti(1) oSl
pos s3SIl AT WS oo ainie |y mte by b 5 e ol (Ul e lad il 55l A comal az s i VL B 0t
090958 oy 0L & az g0 50 gaisley ;o I (golael az glil el BllaensS oo mela 1) mlie G 5L O35 @ Slis Jb
S S e (B 0shiee azyse byl mlie QLS SVl o Sl (9098 S 9 WS (o e abgiye 4z 50 mlie
o e 23 Oy b ATy 5 el (5098 S cp5 PSSl B(1) = PEG(1-1)FAT SS o 535 Sjg0 n Ti(D) S pdy o0 4z e
209.{.':

e cers Gy 5 Slosle (Samn K a5 05800 AG=C5(h) 05500 ol e o 0 Jboji poka o IS (55 @
REN

il oo 3195y Co o5 05500 AT=Ck sy o0 DLl & Coiidsn b 5 glzl (235 @

20,556 Y > o b Sjgo ol 2 10 gy O Al e sl cud guiiile) dx 50 S sla IS den ST:F alo o

Cewiy ) Lzl o a8 ool il a5 ol ez 50 Wil (o 31 5 00,50 Comir 1y az 50 o (sl S oy (i Be @b i al>ye
Olye & az 90 bags adly i (9098 Sl (LS alye 2l IS 0loj 5l e OF ! U5 ooy 4S50 50 5 008 (alulis 1) o]
Jie sk 4z 50 5o lil & (LS Jolie 55 (9098 Slinss a5 Cenl S5 4 Y b e S S Al ge 6T eedl Sln Al 90958
s et gom Al o (6l Al (90958 WSl g (B Sloz on e 5l Sl (i 4S50 ) 5 09 s el

e ©ogo (nl s 5o Ceslond o Al wALS (S Al e 5l e alo e S0 baz s G Slsz e 45,50 50 F Al e
oS e S5 LB Y



Lys B dsle el daygish sl o o cooal 4 4z gl mulgiios cnlplo W3S (oo i Ly jok 05 oo 50 ol 5 a3l |
s 3k s GlSs ol az o Bl Sl el an e b ddlie cpl o S eudais

& bdenis b —F
ool 00 daslin ACA e o3,650l b o) ol g o0y (g3loaness [VIGridSim sjloaccs lme 0 DBACA (solgiig ni 595!
Josz 50 aisle; ;o oad oolaiwl g5l wl g (glawloee a8 daoassls y slasd dlez 5l mle Dlasiin a5 o)l ae O (g3lwacd (ol jo
S S S ialesT onl 58 wizmen el o oliial 5 [VY V] (LS Gloei oSl ool e lastine cpl a5 cdl sads (e (V)
5 LtialosT plosl 5o oas ooliiwl (glo el b sl Vo o« MB/S siile g golio < )87 s o0ls JUl wil (sligs 5 oo aid )5 L o 157 )|

ol 00 L§9fm (Y) Jy.\?

[Vas,5 sl wlaseine N Jgos
Gy a8 Alaad
Cu e g5 Gilbalaa 023 )13 )
Time-share Yoo A R-
Time-share VY'Y ¢ R)
Space-share o A RY
Time-share A A RY
Time-share Yoo ' R¢

o3l ploxil 3o b ialyly yolio ¥ Jgur

Dlaie T el
) trd (U5 Caea) o
3 leal (AUl 55 Cuaal B
) & slsy )b Cueal Y
Vo oSy pa 1-p
AR (sl pua Ce
<A Apl Cp
Yoo A ) ga Al N

[Veregde e Joslail oogase ;o ciless aoje b b, 1o a5 wiS oo Jlo,l aisloy as 1, 8 Ve )8 Jol inlesl 5o sl Gl
gACA 5 e piu,53l G iules] onl sl 1y Ll S oo (F) S b o Gilej] JL Yo nSiles ool sy gl .ol oo ilses]
Jade (F) IS oo ol aidly ialS 12l S lo) 0o ,0F0 sg0 a0 &5 jshilen ws co Lis DBACA (solgiing piy ;63!
ol qalie O 1y L O3l ol Ly (soloitin ot ys01 o5 amo e Lt o )5S0l 50y (sl GialeT S sk o 1) ke o osli
el 03gad oolawl LS sk  Slawlre 08 Gl 4y ax g5 b aolie das 5l g 00,5

<

150
& 100 <,
=
s 50

.

DBACO ACO

el S gl 80.31 146.282

DBACA §ACA 3 Gouo wiays5 oo 1y2! JS oyloy oSS



8 150 ¢ =

] =

2 100 =

g M., B e e 2w

< A e e e e —

@ 50 Bl Bm Bmd B B

e — = "IN I N

T = e —a= o g

[=]

- RO R1 R2 R3 R4

m DBACO | 75.738 | 64.776 | 80.307 | 68.709 | 75.029
ACO |71.213 |146.282| 75.625 | 72.609 | 37.834

DBACA gACA y S 1595951 oy oo 52 3l ooliiw! (yloj o :F JSCi

0dgaze ,0 CHlES mie mlb b se a5 aS e Jle) aiiley a1 8 Ve LIS pge iulej] o ipes iubesl

60%»...«.»4 ﬁ)?ﬁl 9 ACA » ;u.».a I"*:'l)ﬂ‘ O u“'ilA)T )Lv Y. u.:.f)L».a GLb (Q)JXM ol ooy G—Jl?L:)‘ [\“”3\

5o yl5 ol LS S55eal a4 axgi b solaiing v,65l meps Glis a5l ool Linlejl ol plasl 5 Goe aes e olis |, DBACA
3L osle sXenl slalS sauile) jo golpiian piu,eSl cad ooly plad (B)JSKE o a4 jshiles WS e Sl cenlss Jley Sls>
WS (o0 Jloel (293 1) %0l gl (Sllone

800 _
o 700 =
o v E
5 600 "
g 500 |7 -
“n — 1 —
o ey E _ P | J—
< 400 E 1 — a— E 3 —
2 300  w 1 2w 1 2E=w 1 == 1 == 2@
- . E 1 E 1 E 3 [
© 200 7 _mw E 3 E 1 E 1 — O I
o S E 3 [ E 1 1
100 © == E 3 E T E 3 E 3 _
0 P B O N O Vs
RO R1 R2 R3 R4
mDBACO| 403.515 348.934 348.86 380.1 369.4
ACO 435.588 708.656 361.972 415.371 216.385

b,l5 0L FsXoal )0 DBACA s ACA y Sivw niayeX! (s g y2 3l oolisuwl oy o 0 S

S5 4 —0

490 Sl pioNl Wlie Gl )3 el oad oolainl 850,95 oaidg b alex 5l Bl I gls U sl a0 S oyl
mad sldiales] ol oud dlgsig DBACA sl golio sbgy ledbl 51 ooliiwl b o ,¢3 g a3, 0,5 lasme ,0 5 sossile) g

DS oo Saatp | e 215 @l o b 5l5 6585 5 L2l IS Gl LhalS L (golaitnn o 56501 45wt e (L oads (5L



0]

Fodly

B. Tang, Y. Yin, Q. Liu, and Z. Zhou, "Research on the Application of Ant Colony Algorithm in Grid Resource
Scheduling," in Wireless Communications, Networking and Mobile Computing, Y++A. WiCOM '+A. tth International
Conference Dalian, Y+ +A, pp. )-£.

[ I. Foster and C. Kesselman, The grid: blueprint for a new computing infrastructure: Morgan Kaufmann, Y+ « £,

[¥] I. Foster, C. Kesselman, and S. Tuecke, "The Anatomy of the Grid: Enabling Scalable Virtual Organizations "
International Journal of High Performance Computing Applications, vol. Y©, pp. Y+ «-YYY Y+ u),

[£] V. Berstis, "Fundamentals of grid computing," IBM Redbooks, Y+ +°.

[°] M. Dorigo and L. M. Gambardella, "Ant colonies for the traveling salesman problem," BioSystems, vol. ¢¥, pp. YY-A),
V44

[ W. yue and T. Hongjiu, "Application in TSP Based on Ant Colony Optimization," Journal of Wuhan University of
Technology (Information and Managing Engineering Edition), vol. YA, pp. Y£-YT Y+ 7,

[V] R. Buyya and M. Murshed, "GridSim: a toolkit for the modelling and simulation of distributed resource management and
scheduling for Grid computing," Concurrency and Computation: Practice and Experience, vol. ) £, pp. Y)Vo-YYY. Y..¥,

[A] D. Kondo, D. P. Anderson, and J. M. VII, "Performance Evaluation of Scheduling Policies for Volunteer Computing," in
IEEE International Conference on e-Science and Grid Computing, Y+ +V, pp. £10-£YY,

[4] R.-S. Chang, J.-S. Chang, and S.-Y. Lin, "Job scheduling and data replication on data grids " Future Generation
Computer Systems, vol. YY, pp. A£1-AT+ August Y+ -V,

[Y+] Y. Gao, H. Rong, and J. Z. Huang, "Adaptive grid job scheduling with genetic algorithms," Future Generation Computer
Systems, vol. Y\, pp. Y)Y, January Y. +°.

['"Y] F. Dong and S. G. AKkl, "Scheduling Algorithms for Grid Computing: State of the Art and Open Problems," Kingston,
Ontario, Canada: School of Computing, Queen’s University Y+ 1.

['Y] S. E and E. K, "An ACO algorithm for graph coloring problem," in Computational Intelligence Methods and
Applications, Y+ +° ICSC Congress Y+ +°.

['¥] R. Mah, Chemical process structures and information flows: Butterworth-Heinemann, )44+,

[Ye] Z. Huifu, Z. Zude, and L. Fangmin, "Research on Interface Model of Manufacturing Resource Sharing Grid," China
Mechanical Engineering, vol. V1, pp. ¢Y£-£YY Y..o,

[Ye] V. D. Martino and M. Mililotti, "Scheduling in a Grid Computing Environment Using Genetic Algorithms," ¥+ Y, pp.
Yyo_Yva

[ R. Buyya, D. Abramson, J. Giddy, and H. Stockinger, "Economic Models for Resource Management and Scheduling in
Grid Computing," Concurrency and Computation: Practice and Experience, vol. Y&, pp. Y0 +Y-Y0£Y Y.. Y,

['V] R. Buyya, D. Abramson, and S. Venugopal, "The Grid Economy," in Proceedings of the IEEE, Y ++°, pp. 13A-V) £,

[YA] 0. O. Sonmez and A. Gursoy, "A Novel Economic-Based Scheduling Heuristic for Computational Grids " International
Journal of High Performance Computing Applications, vol. Y), pp. Y)-Y4, Y.V,

9] Z. Xu, X. Hou, and J. Sun, "Ant algorithm-based task scheduling in grid computing," in Electrical and Computer
Engineering, , Canadian, Y++¥, pp. YV V-2V,

[¥4] X. Zhihong and G. Junhua, "Research on Ant Algorithm Based Classfied Task Scheduling in Grid Computing," in
Journal of Hebei University of Technology, Y+ +1, pp.Y)-1A |

[\ L. Hao, "Implement of Computational Grid Application Scheduling Simulation with GridSim Toolkit," Journal of Jilin
Normal University (Nature Science Edition), vol. ¥, pp. 1V-1¢, Y+ ¥,

[¥Y] N. Muthuvelu, J. Liu, and N. L. Soe, "A dynamic job grouping-based scheduling for deploying applications with fine-
grained tasks on global grids," in Proceedings of the Yrd Australasian Workshop on Grid Computing and e-Research
(AusGridY « +©), Newcastle, New South Wales, Australia, Y++©, pp. £)-£A,

Y7 C. Wei, Y. Shoubao, and S. Kai, "Grouped task scheduling design for coarse-grained grid application," Journal of
Huazhong University of Science & Technology (Nature Science Edition), vol. Y£, pp. Y€A-Y0) Yu.q,

[¥¢] R.-S. Chang, J.-S. Chang, and P.-S. Lin, "An ant algorithm for balanced job scheduling in grids," Future Generation
Computer Systems, vol. Yo, pp. Y+-YY Y4 June Y+ -4,

' Heterogeneous

" Workstations
" Grid Information System(GIS)
* Resource Broker(RB)

° portal

" Information Server
¥ Jobs Scheduler



