Table of Contents

QLI 0] L T U = PP vi
ADSEFACT ... e e e e e e e X
DT = = L 1o xi
ACKNOWIEAGEIMENTS. .. .. ettt e et et e e et et e et et e et e et e re et et e e eet e neeenas Xii
Chapter 1 INEFOAUCTION ....cuiiiiiitiiteiite ettt b et b e bbb bbb bt et e b e sbe e eseebe e 1
11 Inspiration for Computational GridS...........ccevveiiieiieiesierees e e 1
1.2  Economic-based Grid Resource Management and SCheduling .........cccovevvevveievciesieseece e, 2
121 ASSESSING WaNtS an0 NEEUS........c.eeiiieiieie ettt ste ettt et e et te st s e e e sreesreeneenns 3
122 The Nimrod-G Grid RESOUICE BIOKEN..........cciieeieiereresiesese et seeie e se et eeneenee e 3
123 GridSim Toolkit and Economic Grid Broker SImUIator ..........cccvvveeeierene e eeeeereene e 5

B N @ o 11 ] o 1U o g 5
IO @ (=g T4 (o] LSOOV 7
15  ACKNOWIEAGEMENES.......eoiiieieeie ettt ettt te et e s e s ae e sreesaeeaeeensesneense e seenteensesnnesanas 7
Chapter 2 Grid Technologies and Resource Management SYStemMS..........ccccvveiriniinieneiese s 9
2% R 1 0o o [Uox i o] OSSP PPN 9
2.2 Magjor Technological Milestones: Enabling Grid and P2P COMPULING........c.ccoverienerenerinenienene 10
2.3 Grid Computing ENVIFONMENES. ......c.ciirieiiiirieirienieesesee sttt st 12
231 Resource Management ChallENgES ..ot 12
232 GFid COMPONENES......civieeiirtiieiert ettt b bbbt b et b e ae st e 13
233 Grid COMPULING PrOJECES .....eeieeeiicie ettt sttt e st te e teeaesnnesneesneenneenes 14

24 Resource Management SyStemS TaXONOMY ........veiveirieeiieeniiesreesieesreesseessaeessaesssessssessssesssens 16
2.5  Mapping Taxonomy to Some Grid Resource Management SyStems..........cccvveeeveeveeieeneeseennens 17
251 AppLeS: A Network Enabled SCheduler ..o 18
252 Condor: Cycle Stealing Technology for High Throughput Computing...........ccccveveeereneene 18
253 D= ] o USSR 19
254 Globus: A ToolKit for Grid COMPULING ......ccverreeerririeeriinieeriereeesieeesie e seenes 19
255 = Y T o RS SP 20
25.6 Legion: A Grid Operating SYSLEIM ......cc.vcuveieriesees e sre st te et ee et e e e e e eae e 20
257 MOL: Metacomputing Onling KEIMEL..........cocieiieiiee et 21
258 NetSolve: A Network Enabled Computational Kernel .........coccooeeveeiviceceseceeceee e, 22
259 Ninf: A Network Enabled SEIVE .........ooo i 22
2510 PUNCH: The Purdue University Network Computing HUDS ............cccovinneninnenenncnieens 22
2511  Nimrod-G Grid RESOUICE BIOKEN .........coviiiiieieieeeeiesiesiese st stese e see s ste st sne e seeseesee e 22

26 SUMMArY aN0 COMIMENES. ......cctitirieiertirteerierieeeie ettt e et st e et st e et st e s st st e s sesbe e e st sbeneene 23
Chapter 3 Service-Oriented Grid Architecture for Distributed Computational Economies.......... 24
T80 R 1 0o o [Uex o] o IO USRS TSR PP 24
3.2  Computational EConomy and itS BENEFILS.......cccccviiciiiieiiciice et 26
3.3  Requirements for Economic-based Grid SYSIEMS.........cccveiieiiiierieeseese e 27
3.4  Grid Architecture for Computational ECONOMY (GRACE)........cccccveieeieeieiee e seesie e e see e 28
341 Grid ResoUrce BroKer (GRB) ........oouciiiriciiirieisieseeesie ettt 29
34.2 GRACE Framework—Leveraging GIobuS TOOIS .........cccoiiiiiiiiiiecrec e 29
3.4.3 Grid Open Trading Protocols and Deal Template..........c.coeviiriiineieneseeseceee 31



344 Pricing, Accounting, and Payment MeChaniSIMS...........coeieririrenieieriese e e 33

T = L= = (=0 MYV g SRS 35
3.6  Economic Modelsin the Context of GRACE Framework..........ccocoveirerrieneneiesenese e 38
3.6.1 Commodity Market (Flat or Supply-and-Demand Driven Pricing) Modél ...........ccccceeernnee. 38
3.6.2 POStEA PriCE IMOE ..ottt s sre e ene e e e enee e 40
3.6.3 BargaiNiNg MOGE .........oouiiiiieeeee bbb et sb e e 40
364 Tender/ContraCt-NEt MO ..........ccooiiii e e b 41
3.65 AUCLION IMOOE ...t ettt e bbb e e e e e b e 42
3.6.6 Bid-based Proportional Resource Sharing Model ... 44
3.6.7 Cooperative Bartering MOGEL...........c.ooi i e 45
3.6.8 M ONOPOIY/OITIGOPONY ..ottt sttt sttt s b e st se et e b e sbeseeneas 45
3.6.9 Other INflueNCES 0N MarKEt PriCES.......ciiieieceieesese sttt s 46
3.7 SUMMArY aNd CONCIUSION .......cuiiiiieiiriiieriee ettt bbb 46
Chapter 4 TheNimrod-G Grid Resour ce Broker and Economic Scheduling Algorithms.............. 47
4.1 111 0o [§ex 1o IO TSRO PSRt a7
4.2  The Nimrod-G Resource Broker: An Economic based Grid Scheduler.............ccoovviniinnncnns 48
42.1 (@11 e 1AY== 10 o (o= | £ 48
4.2.2 SErVICES AN ENA USEIS......oouiiiieie ettt st e n e s 49
423 N o 11 1= ox U = S 50
424 NIMIOO-G ClIENES ...ttt e ae st e teseeseesneeneeneeneeeeneens 51
425 The Nimrod-G Grid RESOUICE BIOKEN..........cceeieieerese st 52
4.3  Scheduling and Computational ECONOMY ..........ccuiireirierieirieriee ettt 54
4.4 Scheduling AlQOTMS ........ouiee ettt e e e e teennesanas 54
45  Implementation Issues and TechnologieS USEd .........ocveiieieiieiiee e 56
4.6  Scheduling Evaluation on Nimrod-G Simulated Test QUEUES..........cceevueevieeieeiesiiesieesee e see e 58
4.7  Scheduling Experiments on the World-Wide Grid...........cccceevviieiee e 60
4.7.1 The World-Wide Grid (WWG) Testhed ..o 61
4.7.2 Cost Optimisation Scheduling — Australian Peak and Off-peak Times ..........cccoovcvveiien. 62
4.7.3 Cost and Time Optimisation Scheduling using Local and Remote Resources ..................... 67
4.7.4 Large Scale Scheduling with Cost and Time OptimiSation ............c.ccoceoieneiieneineneee, 70
4.8 SUMMArY aNd COMIMENTS......eeiiieieeieiiesee st e ste et e et e e e s e e te e teaee s e e sseesaeeseesseessesneesreesteeeenseeas 79
Chapter 5  GridSim: A Toolkit for Modeling and Simulation of Grid Resour ce M anagement and
S e 1 1= o (1] 11T OSSPSR U TSR U ST 81
51 IMEFOAUCTION. ...t bbb bbb bbbt bt b e e et e b e b b ebe s 81
5.2 R C] Fo LT IR Lo T o TSR 82
53  GridSim: Grid Modeling and Simulation TOOIKIt..........c.ccoeoiiiriiiniinie e 83
531 FBATUIES ...ttt e e bbbt b e b b enr e nnes 83
5.3.2 SYSEM AFCRITECTUIE ...ttt 83
533 SimJava Discrete EVENt MOGEL ..........cccooiiiiiiii s 84
534 GIIASIM ENTITIES ..ottt ettt ne e bbb b 85
5.35 F A o] o] FTor= Vi T TN 1Y, o Lo < S 86
5.3.6 Interaction ProtoCOIS MOGEL.........cciiiiiiieee e 87
53.7 Resource Model — Simulating Multitasking and Multiprocessing..........c.coeeevreneiinenicenne. 89
5.3.8 GridSim Java Package DESIGN .......cceiviiiiriiiiiieisie ettt 94
5.4 Building Simulations With GridSim..........c.coiiiiiiiiiie e 97
55  SUMMAIY AN COMMENTS ... vttt sb et b bbbt b et b et b e 99
Chapter 6 Scheduling SIMUIBLIONS .......cciiiiiiiee bbb 101
6.1  Economic Grid Resource Broker SImulation............cocooeiiiiiiiieninciescseseee e 101
6.1.1 BroKer AFCRITECTUNE ..o 101
6.1.2 Determining the Deadline and BUAGEL...........cccueiveiiiienie e 103
6.1.3 Scheduling AIGOTTTNMS ........ciiiiiie e 104
6.2 Simulation EXPEriMENT SELUD ......cviiiiiiirieiie ettt 105
6.2.1 RESOUICE MOTEIING ...t 105
6.2.2 APPLCAtioN MOEIING ..o e 106



6.3  Deadline and Budget Constrained Cost Optimisation Scheduling..........ccccooevvrieieninieeieienenn, 107

6.3.1 Scheduling Experiments with @ SINGIE USES .........oiiiiiiniieneeee e 107
6.3.2 Scheduling Experiments with Multiple Competing USErs........coooevinenenenienecneenes 113

6.4  Deadline and Budget Constrained Time Optimisation Scheduling...........c.cooevineinineinenne 116
6.5  Comparing the Cost and Time Optimisation SCheduling...........cooeerireeninereeeseeeseees 121
6.6 DBC Cost-Time Optimisation SChedUliNg .........ccceiiieiiiereeree s 123
6.6.1 EXPEITMENE SELUD. ..ottt ettt s bbb e e e e 123
6.6.2 Scheduling Experiments with Cost and Cost-Time Optimisation Strategies............ccoeeen. 124

6.7  SUMMAry and CONCIUSION .......ccuiiiiiiecie et ettt et e eesaee s ae e sreenreenneenns 131
Chapter 7 TheVirtual Laboratory: Enabling Drug Design on the Grid.........cccccccvvevvininnccnienen 132
7.1 g 0o (1 1 o o P 132
7.2 OPErationNal MOUE .......ocooiiiiieiiee bbbttt 133
7.3 Architecture — The SOftWAre STACK .........cccvvviviiieiere s s eneas 134
7.3.1 DOCKING COUE ...ttt bbbttt 135
7.3.2 NIMEOG-G TOOIS......eitiiii i b ettt b e bbbt 136
7.3.3 Chemical Database Management and Intelligent Access TOOIS ........ccceoevvevieiievierieiesnns 137

7.4 Application COMPOSITION .......civiiiieii ettt ta e te e eesrae e e sreesreeaeas 138
7.5  Scheduling EXPerimentations ...........cccviieiieiieiie et se e ste et e sttt ae e sreesre e 142
7.6 L C 1T IR AY Lo 5 P 147
7.7 SUMMATY AN CONCIUSION ..ottt bbbttt ene e 147
Chapter 8 Conclusionsand FULUre Dir €CLIONS.........c.eceeiieieeie ettt 149
8.1 SUIMIMIBIY ..ttt ettt et e st e bt e et se e s he e she e ebeeneeem e e eseeete e be e be e s teeseesmeenaeesbeeeeanseeneennee e 149
8.2 (O70] 1 1od 1T 1S o] 1T 149
8.3 FULUIE DIFECLIONS ...ttt bbbkttt b b bbbt b et e b et b sbesbeeneas 151
8.3.1 Supporting Different Application MOdelS ...........cccooviiieiiiie e 151
8.3.2 Supporting Different ECONOMIC MOUEIS .........ccoviiiiiiciiece e 151
8.3.3 ACCOUNTING ...ttt bbb bbbttt b bbb bbb 152
8.34 Enhancing GridSim to Support QoS based Resource Entities..........ccoovevverererenvrvinnennne. 152
8.3.5 Wide-Area Data-Intensive Programming and Scheduling Framework...........c.ccccocvreenene. 152
Appendix A Tools automate COmMpPUter SNArING  ....oooiii i e e e e e 153
Appendix B Toolset teams computers to design drugs  .......ocveeie it iii i e e e 156
B g PNy e e e e 159



Tableof Figures

Figure 1.1: Volta demonstrates the battery for Napoleon | at the French National Institute, Paris, in 1801.
The painting (by N. Cianfanelli, 1841) is from the Zoological Section of “La Specula” at the National

History Museum, Florence University, ITaly. ... 1
Figure 1.2: Nimrod-G Grid reSOUICE DIOKET. .......ccviiiiiiicie ettt et e st e sbe e naennee s 4
Figure 2.1: Towards Grid computing: A CONCEPLUAL VIEW. ........ccoiiriiiiiniiiiiee e 10
Figure 2.2: Major milestones in networking and computing technologies from the year 1960 onwards. .... 11
Figure 2.3: A high-level view of the Grid and interaction between its entities. ..........ccccccevvvevvevecceiiesnnnn, 12
Figure 2.4: A layered Grid architecture and COMPONENTS. .........coviiriiiiinieireiee e 14
Figure 3.1: A generic Grid architecture for computational €CONOMY. .........cccecvvieiieiiie i 28
Figure 3.2: GRACE framework realization within GIobUS CONEXL. .........covviiiiininiiree e 30
Figure 3.3: GRACE Open Trading ProtOCOIS. .........coiuiiiiiieese ettt 31
Figure 3.4: A finite state representation of resource trading (for bargain model)...........c.ccooooniiiininnenn. 32
Figure 3.5: An Interaction between GSP resource management COMPONENLS. ........ccccvveveereerieeriesieseesneenns 33
Figure 3.6: Interaction between GSPs and users in a commaodity market Grid for resource trading. ........... 39
Figure 3.7: Posted price model and resource trading in a computational market environment. ................... 40
Figure 3.8: Brokers bargaining for lower access price for minimizing computational cost. ........................ 41
Figure 3.9: Tender/ContractNet model for resource trading. ........c.ccvvvevieiieiicie e 42
Figure 3.10: Auctions using external QUCTIONEET. .........ccouiiiiriiieriee e 43
Figure 3.11: Auctions using their OWN AUCLIONEET. ........ccueiiiiiiiiiese e 44
Figure 3.12: Market-based proportional reSource SNAriNg. ........cccceeveiierieerieeiesie e see s e sre e 45
Figure 4.1: QoS based resource management: intersection of economic, scheduling, and Grid worlds....... 49
Figure 4.2: A layered architecture 0f NiMrod-G SYStEM.........cccveviiieiiiriesieceee e 50
Figure 4.3: A Snapshot of Nimrod-G Execution Monitoring and Steering Client..........c.ccoooovveniienennennen. 51
Figure 4.4: Active Sheet — Spreadsheet processing on the Grid using the Nimrod-G broker....................... 52
Figure 4.5: The Flow actions in the Nimrod-G runtime environment. ...........ccccoverernienennienensesesee e 52
Figure 4.6: High level steps for adaptive scheduling used in the Nimrod-G broker........c.ccccccvevviceivennnnne, 55
Figure 4.7: DBC Cost-optimisation scheduling algorithm behaviour for various budgets. ............c.ccceue..... 59
Figure 4.8: Time optimisation scheduling algorithm behaviour for various budgets. .........ccccceeveveiiennnnne 60
Figure 4.9: Conservative time optimisation scheduling algorithm behavior for different budgets............... 60
Figure 4.10: The World Wide Grid (WWG) teStDEM. .......cceevveiieii e 61
Figure 4.11: Nimrod-G parameter sweep processing Specification. ...........ccccocvvvveiieiiisiee s 63
Figure 4.12: Computational scheduling during Australian peak time (US off-peak time). ...........ccoceeeenen. 64
Figure 4.13: Computational scheduling during Australian off-peak time (US peak time). ............cccccveneee. 64
Figure 4.14: Number of resources in use during Australian peak time scheduling experiment.................... 65

vi



Figure 4.15: Cost of resources in use at Australian peak time scheduling experiment..........ccoceoverrenieenn 66

Figure 4.16: Number of resources in use at Australian off-peak time scheduling experiment. .................... 66
Figure 4.17: Cost of resources in use at Australian off-peak time scheduling experiment.............ccccccevuenee. 67
Figure 4.18: Resource selection in deadline and budget constrained time optimization scheduling. ........... 69
Figure 4.19: Resource selection in deadline and budget constrained cost optimization scheduling.............. 69
Figure 4.20: Nimrod-G parameter sweep processing SPECIfiCation. .........ccoevererieerene e 70

Figure 4.21: A snapshot of the Nimrod-G monitor during “optimize for time” scheduling experiment. ..... 72
Figure 4.22: A snapshot of the Nimrod-G monitor during “optimize for cost” scheduling experiment........ 72

Figure 4.23: No. of jobs in execution on different Grid resources during DBC time optimization scheduling.
.............................................................................................................................................................. 73

Figure 4.24: Total No. of jobs in execution on Grid during DBC time optimization scheduling. ................ 74
Figure 4.25: No. of jobs processed on different Grid resources during DBC time optimization scheduling.74
Figure 4.26: Total no. of jobs processed on Grid resources during DBC time optimization scheduling...... 75
Figure 4.27: The amount spent on different Grid resources during DBC time optimization scheduling...... 75

Figure 4.28: The total amount spent on Grid during DBC time optimization scheduling. ............cc.cccee..... 76
Figure 4.29: No. of jobs in execution on different Grid resources during DBC cost optimization scheduling.

.............................................................................................................................................................. 77
Figure 4.30: Total No. of jobs in execution on Grid during DBC cost optimization scheduling.................. 77
Figure 4.31: No. of jobs processed on different Grid resources during DBC cost optimization scheduling. 78
Figure 4.32: Total No. of jobs processed on Grid during DBC cost optimization scheduling...................... 78
Figure 4.33: The amount spent on different Grid resources during DBC cost optimization scheduling. ..... 79
Figure 4.34: The total amount spent on Grid during DBC cost optimization scheduling.............c.cccceevvuennen. 79
Figure 5.1: A modular architecture for GridSim platform and components. ...........cccocevveeveeve e 84
Figure 5.2: A flow diagram in GridSim based SIMUIAtioNS. ..........ccoeoiiriiiinie e 85
Figure 5.3: Entity communication model via its Input and OQutput entities. ...........cccoceviveveevecve e, 87
Figure 5.4: An event diagram for interaction between a time-shared resource and other entities. ............... 88
Figure 5.5: An event diagram for interaction between a space-shared resource and other entities. ............. 89
Figure 5.6: An event handler for simulating time-shared resource scheduling............cccooeevivevvevecceiiecnnnn, 90
Figure 5.7: PE share allocation to Gridlet in time-shared GridSim resource. ...........ccccvvvivnieinieinneneenn, 91
Figure 5.8: Modeling time-shared multitasking and multiprocessing based on an event scheme. ............... 91
Figure 5.9: An event handler for simulating space-shared resource scheduling. ...........ccoceovvieniienennennen. 92
Figure 5.10: PE allocation to the Gridlets in space-shared GridSim reSOUrCe. ........cccccvvveeveeveeirescvesiesieenns 93
Figure 5.11: Modeling space-shared multiprocessing based on an event scheme. .........c.ccocooeveiiienennennen. 93
Figure 5.12: A class hierarchy diagram of GridSim Package. ........ccvvvevieiieeiieie s 95
Figure 5.13: Global tags in GridSim PACKAgE. ........coueirtiriiiriirieisesie e 96
Figure 5.14: A sample code segment for creating Grid resource and user entities in GridSim. ................... 98
Figure 5.15: The Gridlet method in GriAdSIM. ........cccooiiiiiic e 98
Figure 5.16: A sample code segment for creating a Grid resource broker in GridSim. ...........ccccceeevvvennnnne 99
Figure 6.1: Economic Grid resource broker architecture and its interaction with other entities................. 102
Figure 6.2: A class hierarchy diagram of Grid broker using the gridsim package..........c.cccoorvenininnenn. 103
Figure 6.3: Deadline and budget constrained (DBC) scheduling with cost-optimization...........c...ccccceev... 106
Figure 6.4: No. of Gridlets processed for different budget limits with a fixed deadline for each............... 107

vii



Figure 6.5: No. of Gridlets processed for different deadline limits with a fixed budget for each............... 108
Figure 6.6: Deadline time utilized for processing Gridlets for different values of deadline and budget. ... 108

Figure 6.7: Budget spent for processing Gridlets for different values of deadline and budget................... 109
Figure 6.8: Gridlets processed on resources for different budget values with short deadline..................... 109
Figure 6.9: Gridlets processed on resources for different budget values with medium deadline................ 110
Figure 6.10: Gridlets processed on resources for different budget values with long deadline.................... 110
Figure 6.11: Trace of No. of Gridlets processed for a short deadline and high budget constraints. ........... 111
Figure 6.12: Trace of budget spent for short deadline and high budget constraints. ...........ccccccvereerennne. 111
Figure 6.13: Trace of No. of Gridlets processed for a medium deadline and low budget constraints. ....... 112
Figure 6.14: Trace of No. of Gridlets processed for along deadline and low budget congtraints. ............. 112

Figure 6.15: Trace of the no. of Gridlets committed for a short deadline and high budget constraints. ..... 113
Figure 6.16: Trace of the no. of Gridlets committed for a medium deadline and high budget constraints. 113
Figure 6.17: No. of Gridlets processed for each user when a varying number of users competing for

TESOUICES. ... veeteeteeuteeueeaseesseebe e beeaeesaeesaeesheeaae e et 2ae e eaeeeb e e b e e a b e eaE e e o e e eRe e SRe e sRe e et eaneeaneeheeeb e e b e enbeenrennnennnas 114
Figure 6.18: The average time at which the user experiment is terminated when a number of users are
COMPELING FOF FESOUITES. ....cveeeieete ettt sttt ettt et b et b e st s b e b e bt be b st e bt s be st b b e 115
Figure 6.19: The average budget spent by each user for processing Gridlets. ........cccccevveeveeveecieciiesieniens 115
Figure 6.20: No. of Gridlets processed for each user with varying number of users competing for resources.
............................................................................................................................................................ 116
Figure 6.21: The average time at which the user experiment is terminated with varying number of users
COMPELING FOF FESOUITES. ...ttt ettt sttt sttt b et b e be bbb et s be e e b b 117
Figure 6.22: The average budget spent by each user for processing Gridlets.........ccccccevvvevieeveeciecciesieniens 117
Figure 6.23: Deadline and budget constrained (DBC) time optimisation scheduling algorithm. ............... 118
Figure 6.24: No. of Gridlets processed for different budget and deadline [imits...........ccccovreerinccnennnn, 119
Figure 6.25: The time spent in processing Gridlets using the DBC time optimisation..............cccecueeienienns 119
Figure 6.26: The budget spent in processing Gridlets using the DBC time optimisation. ............c.cccceeee.e. 120
Figure 6.27: Selection of different resources for processing Gridlets for different budget limits............... 120
Figure 6.28: The budget spent in processing Gridlets on different resources for different budgets. .......... 121
Figure 6.29: The time spent in processing application jobs using time cost and time optimisation scheduling
algorithms given different budget IMItS. .......ccveiieiiiie e e 122
Figure 6.30: The budget spent in processing application jobs using time cost and time optimisation
scheduling algorithms given different budget lImits..........ccoooiiriiiiis s 122
Figure 6.31: Deadline and budget constrained (DBC) scheduling with cost-time optimisation.................. 123
Figure 6.32: The number of Gridlets processed, time, and budget spent for different deadline and time
limits when scheduled using the cost and cost-time optimisation algorithms. ..........c.cccccevievcecceenen. 125
Figure 6.33: The number of Gridlets processed and resources selected for different budget values with a
long deadline value when scheduled using the cost and cost-time optimisation algorithms. ............. 126
Figure 6.34: The number of Gridlets processed and resources selected for different deadline values with a
large budget when scheduled using the cost and cost-time optimisation algorithms............c.cccc.e...... 127
Figure 6.35: The time spent for processing application jobs for different deadline constraints with alarge
budget when scheduled using the cost and cost-time optimisation algorithms............ccccccveerinenne 127
Figure 6.36: The budget spent for processing application jobs for different deadline constraints with alarge
budget when scheduled using the cost and cost-time optimisation algorithms............cccccevvevvinenen, 128
Figure 6.37: Trace of No. of Gridlets processed on resources for a medium deadline and high budget
constraints when scheduled using the cost optimiSation SIrategy. .......ccoeeveereerenecieneree e 129

viii



Figure 6.38: Trace of No. of Gridlets processed on resources for a medium deadline and high budget

constraints when scheduling using the cost-time optimisation Strategy..........ccovvererenerrienereiesenens 129
Figure 6.39: Trace of the number of Gridlets committed to resources for a medium deadline and high

budget constraints when scheduled using the cost optimisation Strategy. .........ccccverererenieeieeieneenen. 130
Figure 6.40: Trace of the number of Gridlets committed to resources for a medium deadline and high

budget constraints when scheduled using the cost-time optimisation strategy. .........ccooevereeeieeieneene. 130
Figure 7.1: X-ray crystal structure of atarget protein receptor and small molecules to be docked. ........... 133
Figure 7.2: Resource brokering architecture for screening molecules on distributed resources.................. 134
Figure 7.3: Layered architecture of Virtual Laboratory for drug design.........ccceceevvevieeieeveeve e 135
Figure 7.4: Relation between key programsin the dock SUItE. .........coooeeririeinincnieseece s 136
Figure 7.5: Deployment of Virtual Laboratory components at runtime and their interaction..................... 137
Figure 7.6: Protocols for Interaction between the CDB clients and the Server. ........cocoevineeninccncnne, 138
Figure 7.7: A configuration input file for docking appliCation. ...........ccccveieeieeciesie e 139
Figure 7.8: Parameterisation of aconfiguration inPUt file...........cceviinicnee s 140
Figure 7.9: A plan file defining parameters type and their VAlUES. .........cccocveieiie e e 140
Figure 7.10: Task definition of dOCKiNg JODS. .......c.cviiiiiiii s 141
Figure 7.11: Parameterisation of script for extracting molecule from CDB. .........ccccccevieeveevieeciecieseeniens 141
Figure 7.12: Static and Dynamic Input Files of DOCKING Program. ..........c.coeereneeneneeseneeseseeseeseens 143
Figure 7.13: A snapshot of the Nimrod-G monitor during “Optimize for Time” scheduling..................... 143
Figure 7.14: A snapshot of the Nimrod-G monitor during “Optimize for Cost” scheduling. ..................... 143
Figure 7.15: No. of jobs processed on Grid resources during DBC time optimization scheduling. ........... 144
Figure 7.16: The amount spent on resources during DBC time optimization scheduling. .............c.cceev... 145
Figure 7.17: No. of jobs in execution on Grid resources during DBC time optimization scheduling. ....... 145
Figure 7.18: No. of jobs processed on Grid resources during DBC Cost optimization scheduling. ........... 146
Figure 7.19: The amount spent on resources during DBC Cost optimization scheduling. ..........c.ccoceenene. 146
Figure 7.20: No. of jobs in execution on Grid resources during DBC Cost optimization scheduling. ....... 147



