Social Grid Agents

GabrielePierarnoni

A Thesissubmitted to
The University of Dublin
for the degreeof

Doctor of Philosophy

Departmert of Computer Science,
University of Dublin,
Trinity College

Septenber, 2008



Declaration

This thesishasnot beensubmitted asan exercis€for a degreeat any other University.
Except where otherwise stated, the work descrited herein has been carried out by
the author alone. This thesis may be borrowed or copied upon requestwith the
permission of the Librarian, University of Dublin, Trinity College. The copyright
belongsjointly to the University of Dublin and Gabriele Pierartoni.

Signature of Author

Gabriele Pierantoni Septenter,2008



Abstract

The complexity of resourceallocation in Grid computing is in meeting the expecta-
tions of di erent actorswith di erent conceptsof optimality within an environment
divided into geographicallydispersedand di erent administrative domainsand thus
unsuitedto supporting certralized managemehsystems.The complexity of the prob-
lem is further increasedby the fact that the scieric community produceddi erent
Grids with di erent standards, focusesand technologies.

This problem closely resenbles that of an econony and has consequetty been
investigated with economicparadigms, leading to models that are often tailored to
oneor more speci ¢ situation.

This thesis speculatesthat an approad re ecting the sccial structures that sup-
port economicmodels could allow di erent modelsto co-existasthey do in the real
world; this thesisalso speculatesthat a successfukolution should be able to encom-
passdi erent Grids both presen and future. In order to adcieve this, the modelling
of the di erent actorsis inspired by somebehaviours that are commonin sccieties;to
encompasgli erent grids, the ervironmen of the actors is modelled as a metagrid:
a conceptualspacedivided into three regions:the di erent existing middlewares,the
metagrid region and border regionsat the intersection of the two where interoper-
ability issuesare tackled by a combination of abstiaction and translation.

This thesis proposesthat resourceallocation be modelled as the intersection of
di erent topologieswhere actors (modelled with agers termed Sacial Grid Agents)
interact with ead other to enforcedi erent allocation philosophies. The proposed
model is basedon four di erent kinds of topologies:a Production Topology, a Scial

Topology, a Control Topology and a Value and Price Topology (partially deweloped



in collaboration with a fellow Ph.D. studert: Dr. Keith Rochford). The needfor an
e cient and expressiblenative languagewith which the agens expresspoliciesand
messagesed to the decisionto usea functional languageas a basefor the agent's
native language.

This allowedfor aresourceallocation systemcapableof beingagnosticon both the
technology of the di erent middlewaresand the economic-philosopf of the allocation
medanism; the proposed architecture allows the implemertation of ageris whose

behaviour can be de ned and modi ed by writing behavioural instructions.



Ac knowledgemen ts
| would like to dedicatethis thesisto "no frills" ying which allowed me to pursue

this researt in Trinity College Dublin while still being able to bask (at times)
under the plentiful light of my native sky becomingwhat, for long, | longedfor: a
Europeancitizen. But, much moreimportantly and much more gratefully, | dedicate
this work to Gaia that, in theseyears, ew "without frills" over and over and over
with the loving and rocky stubbornnessof her peopleto join me and gazeat the
stars under Dobbblin's cloudlesssky.

The person | own more for this researb is Dr.Brian Coghlan, my supervisor,
whom | thank most sincerelynot only for being always of help and guidancein the
often hazy routes of this researb but especially for demonstrating me that truly
admirable work ethics are not just abstract ideasbut can be found in real people.
His support and help, always generouslyo ered ewen at the latest hours and from
the remotest cornersof this little, blue planet, has beena balsm for a cynical and
mildly disillusioned Italian sud as myself.

| would like to thank sincerely John Walsh who desperately tried (unfortu-
nately often failing) to teach methe very basicsof systemadministration and always
volunteered his time to help me in both practical and theoretical matters. But |
especially want to thank John for two more things: for being a friend in theseyears
and for his most peculiar musical inclinations which strengthenedmy toleranceand
acceptanceof diversity.

| want to thank Dr.Eamonn Kenny, the researb manager, for his help in
mathematics and for the unpredictable paths of our cornversationsthat, oscillating
between graph theory to theology rendered much less boring waiting at airport
gates. | want to thank Dr.Stephen Childs, Dr.David O Callaghan, Dr.John Ryan
and Dr.Geo rey Quigley for their help in setting up the experimertal testbed. |
want to thank Dr.Keith Rochford for the time, always pro table and erntertaining,
in which we carried out the joint part of this researb. | want to thank all the
presem and past people of the Computer Architecture Group: Kathryn Cassidy
Dr. SohaMaad, Peter Lavin, Simon O'Neil, Dr. Stuart Kenny, StephanDudzinky,
Ronan Watson and Oliver Lyttleton who wherealways kind to me, helped wheneer
was possibleand even wert through the pains of throwing me a heartening surprise

party.

| want to thank my family that had the wiseness(or madness)to support
me practically and emotionally in going badk to be a studert when| had a stable
job.

| want to thank HEA, ISF and the Irish Governmert for funding this re-
seart. | nally want to thank Trinity CollegeDublin and all the peoplethat made
it alive for theseyearsthat, despitethe despicableweather and the soaring price of
a pint, have beensomeof the most pleasarn of my life.



Contents

1

2

Intro duction 1
1.1 Foreword. . . . . . . . 2
1.2 Grids, Stakeholdersand Sccieties . . . . . ... ... L. 2
1.3 Structureofthe Thesis . . . . . . . . . .. ... . ... ... ..... 6
1.4 Main Contributions . . . . . . . .. ... .. .. 7
1.5 Main Papers. . . . . . . . e 9
A look at the landscap e 10
2.1 Introduction . . . . . . . 11
2.2 ResourceAllocation Mechanisms . . . . ... ... ... ....... 11
2.2.1 ClassicalResourceAllocation Mechanisms . . . . . .. .. .. 12
2.2.2 Scaially and Economically Inspired ResourceAllo cation Systems 18
2.3 Interoperability . . .. ... ... ... .. 28
2.3.1 Major currernt interoperability approaces . . .. ... .. .. 29
2.4 Sccial Grid Agens . . . . .. 31
2.4.1 Optimization . .. .. ... .. . ... . e 32
2.4.2 Diversity andInteractions . . . ... ... ... .. ... ... 33
243 Complexity . . . . . . . . e 34
25 Motivations . . . . . . . 34
Metho ds 36
3.1 Introduction . . . . . .. 37
3.2 VocabularyandKey Concepts. . . . ... .. ... ... ....... 37
3.2.1 Production . .. . ... ... 37



3.2.2 OwnershipandControl . . . . . ... ... ........... 41

3.2.3 Sccial Topologies . . . . . . . . . . . e 44
3.24 Exchange . . .. . . . . . . .. 44
3.25 ValueandPrice . . . .. ... ... 48
3.2.6 Policiesand Modalities . . . . . .. ... ... ... ... ... 50
3.2.7 Further Sccial Dimensions . . . . . . . .. ... ... ..... 54
3.2.8 Limitations . . . . . ... . ... 56
3.3 Topologies. . . . . . . . 56
3.3.1 Production Topologies . . . . . ... .. ... .. ....... 57
3.3.2 Sccial Topologies . . . . . . . . .. 60
3.3.3 Control and OwnershipTopologies . . . . .. .. ... .... 62
3.3.4 Valueand Price Topologies. . . . . ... ... .. ....... 63
3.3.5 Further Sccial Dimensions . . . . . . ... ... ... ..... 66
3.3.6 ComplexTopologies . . . .. .. ... ... ... ....... 69
3.4 A Metagrid Paradigm. . . . . . . .. ... ... ... 71
3.4.1 Anabstractview . . . .. ... ... ... 72
342 Aconcreteview . . . . . ... 75
3.5 Sccial Grid AgensandMetagrids . . . . . .. ... ... .. ..... 77
3.6 Architecture . . . . . . ... 79
3.6.1 Typesofagens . .. ... ... . . .. ... 81
3.6.2 Agert anatomy . . . . ... 82
3.6.3 Topologies. . . . . . . . ... 94
3.7 Sccial Grid Agents: Tedhnologies . . . . . .. ... ... .. ..... 97
3.7.1 Behaviour Policies . . . . .. ... ... ... ... ... ... 97
3.8 Conclusions . . . . . . ... 115
Implemen tation and Exp erimen ts 116
4.1 Introduction . . . . . . . . . 117
4.1.1 First Implemertation . . . . . ... ... ... ... ...... 117
4.1.2 Secondimplemertation . . . . ... ... ... ... .. ..., 118
4.1.3 Third Implemertation . . ... .. ... ............ 118



4.1.4 Fourth Implemertation . . . . ... ... .. .......... 119

4.2 The current prototype . . . . . . . . . . . 119
4.2.1 A metagrid implemenrtation . . .. ... ... .. ....... 120
4.2.2 Implemerted Prototypesof Sccial Grid Agents . . . . . . . .. 122
4.2.3 Anillustrativetopology . ... .. ... ... ......... 142
4.2.4 An illustration of Policy Enforcemen . . . . . .. ... .. .. 146

4.3 Experimerts . . . . . ... e e 157
4.3.1 ReliabilityandEciency . .. ... ... ... .. ....... 157
432 Scalability . . .. ... ... ... 161
4.3.3 Agent behaviour . ... ... ... oo 168
4.3.4 First behaviour experimert . . . . ... ... ... ... 168
4.3.5 Secondbehaviour experimert . . . ... ... .. ... ... 176
4.3.6 Conclusion. . . . . . .. ... 184

5 Conclusions 185

5.1 Evaluation versuscorecriteria . . . . . . . . . ... ... 186

5.2 Evaluation of the technologiesused . . . . .. ... ... ....... 186
5.2.1 Jar"Wars" . ... .. 187

5.3 Evaluation of the architecture . . . . . . ... ... ... ... .... 188
5.3.1 Flexiblepolicies. . . . .. .. ... ... ... ... . ..., 189
5.3.2 Support for multiple middlewares . . . . ... .. ... .... 189
5.3.3 Awarenessf selfand surroundings . . . . .. ... ... ... 189

5.4 Evaluation of the Prototype . . . . . ... .. ... ... ....... 190
5.4.1 Do SGAsdegradethe performanceof the resourceghey cortrol 2190
5.4.2 How scalableare SGAS? . . ... ... . ... ... ..... 191
543 HowdoSGAsbehae?. . .. ... ... ... ... ... ... 191
5.4.4 Other questionsabout the prototype . . . .. .. ... .. .. 192
5.4.5 How do SGAs t into the surveyed Taxonomies? . .. .. .. 193
5.4.6 Relation with otherwork . . . . . .. ... ... ... ..... 194

5.5 Cortributions . . . . . ... 195

56 Future Work. . . . . . .. . . ... 196



5.6.1 Deployment on a Production Infrastructure . . . ... .. .. 196
5.6.2 Additional Services. . . . . .. ... oo 197
5.6.3 Negotiation Protocolsand ServiceLevel Agreemens . . . . . . 197
5.6.4 Advanceddecisionsystems. . . . .. .. ... ... ... 198
5.6.5 Largescaleindexes. . .. ... ... ... ... ........ 198
5.6.6 AdvancedSccial, Economicand Financial Models . . . . . . . 198
5.6.7 Trust. . . . . . . . 199
5.6.8 ServiceLevel Agreemertss . . . ... ... L 200
57 Conclusions . . . . . . ... 201
Detailed Metrics of the Reliabilit y Exp eriment 202
Detailed Metrics of the Scalabilit y Exp eriment (Concrete Testbed)205
Detailed Metrics of the Scalabilit y Exp eriment (Synthetic Testbed)208
Detailed Metrics of the First Behavioural Exp eriment 213
Detailed Metrics of the Second Behavioural Exp eriment 217



List of Figures

1-1 In the beginning,It's hard to seeall the bumps. . . . . . . ... ... 1
2-1 Hoy, hoy, hoy ! Digital land ahead! . . . . ... ... ......... 10
2-2 A simplied view of the resourceallocation architecture in the gLite
middleware. . . . . . .. 14
2-3 Simple ResourceAllo cation architecture in the Condor middleware. . 18

2-4 Multiple ResourceAllocation architecture in the Condor middleware. 19

3-1 Sccial Non-Grid Agents exdhanginginformation. . . . . . . . ... .. 36
3-2 Represetation of a grid serviceasa micro-economicsupply chain . . 38
3-3 Detall of a grid serviceproductionchain . . . ... .......... 38
3-4 Example of the production paradigm . . . .. .. ... ........ 39
3-5 Example of the production paradigm . . . .. .. ... ... ..... 40
3-6 Demandsand Supplies.. . . . . . . . .. 45
3-7 Demandsand Suppliesaredisjoint sets . . . . .. ... ... ..... 46
3-8 Abundance,Needsare completelycovered . . . .. ... .. ..... 46
3-9 Scarcity, Needscannotbecovered . . . . . .. ... ... ... ..., 47
3-10 Agert's topologies. . . . . . . . . .. 48
3-11Valueandprice . . . . . . . . . . e 50
3-12 Information OWS . . . . . . . ... 51
3-13 Policiesand modalities . . . . . . . . . ... ... 53
3-14 SimpleProducer. . . . . . . . ... 57
3-15ServiceRental. . . . . . ... 58
3-16 A simplecompary. . . . . . . ... 58



3-17 A compary with outsourcedservices. . . . . . . .. ... ... .... 59

3-18 A Market. . . . ... 59
3-19 A complexproduction topology. . . . . . . .. ... ... ... 60
3-20 SimpleRelationships.. . . . . . . . . ... 61
3-21Tribe. . . . e 61
3-22A pubmodel. . ... ... 62
3-23 KeynesianScenario.. . . . . . . ... e e e e 63
3-24 Example of cortrol topology: simpleuse. . . . . .. ... ... .... 64
3-25 Example of cortrol topology: rent and simpleuse.. . . . .. ... .. 64
3-26 Metrics, Value and Price in the dierent layers. . . .. ... ... .. 65
3-27 Di erent approadesto the computation of value and price.. . . . . . 66
3-28 A banking extensionof anexdhange. . . . ... .. ... .. ... .. 67
3-29 An indexing extensionof anexdhange. . . . . . .. ... ... ... 68
3-30 Di erent approadesto the computation of value and price.. . . . . . 69
3-31 Openand closedeconomies. . . . . . . . . . . . v v i i, 70
3-32 A closed,syrthetic econony. . . . . . ... ... ... ... 71
3-33 Connectionbetweena syrthetic andrealeconony. . . . . . . ... .. 72
3-34 Abstract viewof ametagrid. . . . . . ... ... L. 73
3-35 A concreteview ofthemetagrid . . . . .. ... ... ......... 75
3-36 Abstract architecture oftheagents. . . . . .. .. ... ... ..... 81
3-37 Taxonony ofgridagents. . . . . . . . . . ... ... .. ........ 82
3-38 Sccial and production agents. . . . . ... .o 83
3-39 Agernt Architecture. . . . . . . . .. 84
3-40 Architecture of the outsourcingmedanism. . . . . ... .. ... .. 85
3-41 Di erent messageexdiangedby agents. . . . . ... ... L 86
3-42 Di erent messageexdiangedby agerts. . . . . .. ... ... 87
3-43 Agent Behaviour Engine Architecture. . . . . . . ... ... ... .. 88
3-44 Mapping a messageo a proCessor. . . . . . v . v v v v e e 89
3-45 Example of stepsperformedby a syndironousprocessor. . . . . . . . 90
3-46 Behaviour of a syndironousprocessor. . . . . . . . ... ... ... 91

Vi



3-47 Behaviour of an asyndironousprocessor. . . . . . . . . ... ... .. 92

3-48Themanager. . . . . . . . . . 93
3-49A Pub Topology. . . . . . . . . . 95
3-50 A KeynesianTopology. . . . . . . . . . . . 96
3-51 Policiesand modalities. . . . . . . . . ... ... L 108
3-52 Policiesand modalities abstraction. . . . . . ... ... ... ... .. 110
3-53 Policiesand modalities enforcemen . . . . . .. ... ... ... .. 113
4-1 It's adirty job but someonenhasto doit. . .. .. .. ... ...... 116
4-2 Architecture of the secondprototype. . . . . . .. ... .. ... ... 118
4-3 Architecture oftheexample.. . . . . . . ... .. ... ... ... 120
4-4 Topologyoftheexample.. . . . . . . .. ... ... ... ....... 121
4-5 Architecture of the gLite-wms-pgaagert. . . . .. ... .. ... ... 124

4-6 Actions performedby the AsyndironousJob SubmissionProcessor. . 126
4-7 Actions performedby the PoliciesProcessor.. . . . . ... ... ... 127
4-8 Architecture of the gt4-gram-pgaagen. The di erenceswith the ager
of Figure 4-5 residesin the external servicesusedby the JS Provider
(GRAM instead of WMS) and the fact that Value Expert and Billing

providersto not useexternalservices.. . . . . . . .. ... ... ... 129
4-9 Interaction architecture among SGA and Grid4C agerts. . . . . . .. 132
4-10 Architecture of the gLite-wms-sgaagent. . . . . . . . ... ... ... 135
4-11 Actions performedby the Asynchronous Job PurchaseProcessor. . . 137

4-12 Actions performedby the Policies Processornn the gLite Wms Sccial

Agert. . .. 138
4-13 Architecture ofabankagert. . . .. .. ... ... ... ... .... 140
4-14 Architecture of an indexing ageri. This agen diers to that of Fig-

ure 4-13in its ServiceManagerprovider that is connectto the external

providersit indexes. . . . . . . . . . ... 141
4-15 Architecture of the exampletopology. . . . . . .. ... .. ... ... 143
4-16 Agert's interaction under conditions of light workload. . . . .. ... 144
4-17 Agert's interactionsin apubtopology. . . .. .. .. ... ... ... 145

vii



4-18 Agert's interactions during the outsourcingprocess.. . . . . ... .. 145
4-19 Policiesand modalities enforcemen . . . . . .. .. ... ... L. 146
4-20 Subspacede ned by the modalities requestedby the Client. . . . . . 147
4-21 ClassAd Expressionde ning the modalities requestedby the Client.

The ovals highlight the parts of the code that de ne the subspaces.. 150

4-22 ClassAd expressionafter the sacial policies mapping.The ovals high-

light the parts of the code that de ne the subspaces. . . . . .. ... 151
4-23 Subspacede ned by the scacial policies. . . . . .. .. ... ... ... 152
4-24 ClassAd expressionafter the social policies enforcemeh The ovals

highlight the parts of the code that de ne the subspaces.. . . . . . . 153
4-25 ClassAd expressionafter the production policies mapping. The ovals

highlight the parts of the code that de ne the subspaces.. . . . . . . 154
4-26 ClassAd expressionafter the production policies enforcemeh The

ovals highlight the parts of the code that de ne the subspaces.. . . . 155
4-27 Subspacede ned by the production policies. . . . . . ... ... ... 155
4-28 Subspacede ned by the executionpolicies. . . . . .. ... ... ... 156
4-29 Abstract view of the reliability and e ciency experimerts. . . . . .. 158
4-30 Abstract view of the reliability and e ciency experimerts. . . . . .. 160
4-31 Testbed for the scalability experimert. . . . . .. ... .. ...... 161
4-32 Creation Times for a Large ScaleClassAdMap. . . . . ... ... .. 166
4-33 Query Times for a Large ScaleClassAdMap. . . . .. ... .. ... 167
4-34 Testbed for the behaviour experimert. . . . . .. ... ... ..... 168
4-35 Relationsamongthe di erent metrics of the rst behaviour experimen. 174
4-36 Main metrics of the rst behaviour experimert. . . . ... ... ... 175
4-37 Testbed for the secondbehaviour experimert. . . . . ... ... ... 176
4-38 Relationsamongthe di erent metrics of the secondexperimert. . . . 182
4-39 Main metrics of the behaviour experimert. . . . . .. ... ... ... 183
5-1 It's timeto takealookbad. . . . .. .. ... .. ... ... ..... 185
A-1 Submissionreliability of the gLite border. . . . . ... ... ..... 202

viii



A-2
A-3
A-4

B-1
B-2
B-3
B-4

C-1

C-5

C-6

C-7

C-8

D-1
D-2
D-3
D-4

E-1
E-2

Submissiontime of the gLite border. . . . . .. ... .. ....... 203

Submissione ciency of the gLite border. . . . . . ... ... ... .. 203
Execution reliability of the gLite border. . . . . . ... ... ... .. 204
Dispatch time of the scalability experimert. . . . . .. ... ... .. 205
Execution time of the scalability experimert. . . . . .. ... ... .. 206
Return time of the scalability experimert. . . . .. ... .. ..... 206
Total time of the scalability experimert. . . . . . ... ... ..... 207

Dispatch time of the small-scalescalability experimert onthe syrthetic
testbed. . . . . .. 208
Execution time of the small-scalescalability experimert on the syn-
thetictestbed. . . . . . . ... ... L 209
Return time of the small-scalescalability experimert on the syrthetic
testbed. . . . ... 209
Total time of the small-scalescalability experimert on the syrthetic
testbed. . . . ... 210
Dispatch time of the large-scalescalability experimert onthe syrthetic
testbed. . . . ... 210
Execution time of the large-scalescalability experimert on the syn-
thetictestbed. . . . . . . . . . ... 211
Return time of the large-scalescalability experimert on the syrthetic
testbed. . . . ... 211

Total time of the large-scalescalability experimert on the syrnthetic

testbed. . . . . ... 212
Workload. . . . . . . . .. 213
Endowmert of SGAL.. . . . . . . . ... 214
Endovmert of SGA3.. . . . . . . ... 215
Execution tokensgranted by PGA2to SGAL1. . . .. .. ... .. .. 216
Workload. . . . . . .. 217
Endowmert of SGAL.. . . . . . . . ... 218



E-3 Endowmernt of SGA3
E-4 Endowmen of SGA4

E-5 Executiontokensgranted by PGA2to SGAL1. . . .. ... ... ...



List of Tables

3.1 ClassAdextensionof the BooleanAND function. . ... ... .. .. 114
4.1 Action to Provider map in the Job AsyndchronousProcessor. . . . . . 126
4.2 Actions to Providers map for the PoliciesProcessor. . . . ... ... 127
4.3 Metrics for gLite Workload Managemen System. . . . .. ... ... 133
4.4 Action to Provider map in the Job PurchaseAsyndcironous Processor. 138
4.5 Actions to Providers map for the Policies Processolin the gLite Wms
Sacial Agernt. . . . L 139
4.6 Degradation of serviceon the gLite border (10 consecutie jobs re-
peated5times). . . . . . . ... 159
4.7 Degradation of serviceon the gLite border (50 consecutie jobs re-
peated5times). . . . . . . ... 159
4.8 Degradation of serviceon the gLite border (100 consecutie jobs re-
peated5times). . . . . . . ... 159
4.9 Parametersof the scalability experimert. . . . . ... ... ..... 162
4.10 Resultsof the scalability experimert. . . . . . .. .. ... ...... 163

4.11 Parametersof the large scalability experimert on the syrthetic testbed. 164

4.12 Parametersof the scalability experimert on the ClassAd Mapper. . . 166

Xi



List of Acron yms

CE Computing Elemert

CPU Certral ProcessorUnit

EERM EconomicEnhancedResourceManager
GA Grid Agent

GMD Grid Market Directory

GRAM Grid ResourceAllo cation Manager
GT4 Globus Toolkit 4

JVM Java Virtual Machine

OGSA OpenGrid ServiceArchitecture
OGSl  OpenGrid Servicelnfrastructure
o]e) Object Oriented

OO0A Object Oriented Architecture
JVM Java Virtual Machine

PGA Production Grid Agert

RB ResourceBroker

RMS ResourceManagemen System
RUS ResourcelUsageService

SE StorageElemern

SGA Sccial Grid Agent

SLA ServicelLevel Agreeemenh

SOAP  Simple Object AccessProtocol
SOA ServiceOriented Architecture
WMS  Workload Managemeh System

Xii



Chapter 1

In tro duction

Figure 1-1: In the beginning, It's hard to seeall the bumps.



The secret of a gaod sermonis to havea good beginning and a gaod ending, then
having the two as closetogetheras possible.

GeorgeBurns

1.1 Foreword

Oneofthe rst scieric essgs| have read descrikesin its foreword the senseof awe
and, at times, even despairthat the author felt in discovering the limitless vastitude
of its eld of enquiry: a cubic millimeter of a turtle's retina, a truly minuscule
ertity. Newerthelessthe investigation of that microscopiccube unravelled a universe
of unforeseencomplexity, a treacherousford that the author managedat the very
endto cross,but just.

Only now canl really understandthosewords. This enquiry doesnot even have a
cubic millimeter of wonderful, menacingmatter to stand upon, newertheless travers-
ing its mazewas di cult.

This voyage starts from the simple wish to improve resourceallocation in Grid
infrastructures, setssail to the distant shoresof social and economicbehaviour and
returns at last to the concreteimplementation with a still slightly blurred idea of
how to make things a bit better.

Is this not, after all, the purposeof ewery journey ?

1.2 Grids, Stakeholders and Societies

Grid Computing [39, 3§ is arapidly dewloping eld of researt both in the academia
and the industry. Although there are many di erent de nitions of Grid Computing
ranging from very technical to more descriptive, asa rst approximation, we can say
that Grids are a way to decouplethe administrative domains of the resourceand
the jobs, or, more precisely: Grids are a solution that allows resourceowners and
job ownersto belongto dierent administrative domains. This apparenly simple
decoupling opens opportunities and challenges. The processis similar in nature to

the ewlution of sccietiesfrom isolated self-su cient structuresto more complexand



interconnectedones.

If usersand resourcesare under the sameadministrative domain, security require-
merts and allocation medanismscan, in principle, be de ned and enforceddirectly
by the administrator. This arrangemen has its strengths in its simplicity but its
weaknesdies in the fact that the resourcesof the group must su ce for all possible
demandsof its menbers. Using a sacial exampleagain, we canmodel a departmert of
a university (or a compary) under a single administrative domain as a self-su cient
unit which hasto provide all the neededresources;these are shared among their
menbers under the rule of a leader. The leader of the unit is analogousto the sys-
tem administrator (or whoewer the systemadministrator takesordersfrom) and the
resourcesare not food or shelter but digital resourcesud ascomputational time or
storagespace.

A self-su cient systemcan either acquire vast amourts of resourceqif it can at
all) to cope with all foreseerpeaksin demandor elseacceptthat somerequiremens
may not be ful lled, possiblyewenthreatening survival. An obvious way to overcome
sud limitations is to shareresourcesamongdi erent groupsallowing a more stable
distribution. One way to do this is by trading resources.If actors can trade, they
neednot bother any more to provide themsehesall the possiblegoods and services
becausethey can be found elsewhere.Trading actors can now concetrate at doing
what they are best at and trade for all the rest.

We can argue that a Grid is a trading and sharing platform amongunits. As
a matter of fact, Grids de ne "Virtual Organizations" (that encompassdi erent
administrative domains) where resourcescan be shared under a common security
framework. Within a Virtual Organization (often referredto asa VO for the sake
of brevity), resourcesare usually distributed following arrangemems amongthe ad-
ministrators of the various domains. This might be modelled asa form of certralized
trade basedon the negotiation of the administrators of the di erent sccieties,i.e. an
alliance of sacietieswherethe various leadersagreeon sharing medanismsunder the
aegisof a trade organization. This form of trade allows more exibilit y, resilience

and specialization.



In a Grid there arethreetypical kind of stakeholders:thosewho own the resources,
thosewho want to usethem and thosewho are in cortrol of the Virtual Organization
that comprisesthe rst two. The stakeholdersowning resourcesare usually named
Resoure Owners the stakeholdersthat usethe resourcesare usually named Clients
or Users while the last are usually namedVO Managers All thesestakeholders(or
actors) have di erent and, at times, con icting goals. In most casesand in absence
of other constrairts, the clients will be mainly interested in having their jobs run
in the fastest possibletime, the resourceownerswill try to have their resourceddle
for the least possibletime and the VO Managerswill try to satisfy the requiremens
of both the resourceand job ownersthat belongto the Virtual Organization. This
considerationleadsto a rst important distinction betweenthe functionalities that
are performed and the policies with which they are executed. A request of the
executionof a job on a grid speci es asfunctionalities the executable,inputs, outputs
and other parameterswhile it may specify aspoliciesadditional constrairts to de ne
time and/or budget for the execution.

Grids traditionally support three di erent topologiesfor the steduling systems
that arein chargefor the distribution of computational resources.There are central-
ized, decentralized and hierarchical shedulers. Each of these solutions are particu-
larly suited to fulll the requiremerts of usersor resourceowners. In a certralized
stheduling system, all execution requestsare submitted to a single servicethat, in
turn, forwardsthe jobsto the resourcethat suits bestits selectionalgorithm. In this
case,the preferencesf the usersto have their jobs ful lled are easyto meet. In a
de-certralized sdeduling system, the execution requestsare submitted to di erent
services,eat cortrolled by a resourceowner, thesesystemsare best suited to ful I
the preferencesof the resource'susers. By comnbining di erent systemsin multi-
layered architectures, it is possibleto create hierarchical structures that allow the
resourceownersto de ne local allocation policies and the usersto avail themsehes
of the advantagesof a certralized system.

The di erent sdeduling approadesre ect the fact that having multiple actors

negotiating the allocation and sharing of resourcesposesa major problem: any one



of theseactors will have its own (quite often sel sh) idea of "how" resourcesshould
be shared,a conceptof "optimality" that is frequerily clashingwith that of others.

This is the very heart of an econony: "The administration of the concerns and
resouresof any community or establishmentwith a viewto orderly conductand pro-
ductiveness®. Specialistsdescribe economicsas: "The scien@ which studieshuman
behaviour as a relationship between ends and sarce means which have alternative
uses" 2,

This economics-baseuiew of the resourceallocation problemin Grid Computing
is nothing new. The scieni ¢ comrmnunity already investigatedand still investigates
marny ways in which economicscould be usedto optimize and regulate the way
actors with di erent ideasof "optimalit y" sharetheir resources.Economicscan be
usedto descrike the theoretical basis of sharing medanismsand can also be used
to investigate how e ective a sharing medanism is. In recen yearsthe scieri c
comnunity producedboth theoretical investigationson the best modelsfor the Grid
problemand alsoreal systemsthat useeconomicprinciplesfor resourceallocation [28,
29].

In this thesisl will attempt to arguethat this economicapproad, while pro table
and invaluable, has a shortcoming. Most of theseeconomicallyinspired systemsare
tailored to a particular economicperspective: somehave certralized planners,others
rely ertirely on free markets, othersuseeconomicallydriven optimization for schedul-
ing. | beliewe that, asit is in the real world, there is no "optimal” economicmodel
able to encompasse ciently all the bewildering variety of relations and allocation
sthemesof a Grid. It is my beliefthat a high-lewvel allocation systemin Grid comput-
ing shouldallow a variety of allocation philosophiesto co-existand allow transactions
that rangefrom competitive to cooperative, from sel sh to empathic.

As a matter of fact, the exchangeand sharing of computational resourcesalready
encompassmary di erent economicphilosophies. From charitable empathy-based
computation platforms to business-orieted distributed computing, often referredto

asCloud Computing; onemay arguethat the full spectrum and complexity of scciety

LOxford English Dictionary - http://dictionary .oed.com/cgi/entry/50071 9957
2Lionel Robbins, An Essayon the Nature and Signi ¢ ance of Economic Sciene



and economicss already presett in Grid Computing.

In this thesis| will arguethat economiesare a product of sccietiesand that they
could not exist at all without all the other characteristics of a scciety. | speculate
that economics-basedolutions will evertually have to face this truth and "open”
themseles both to a larger variety of allocation philosophiesand build stronger
links to all the other aspects of Grid computing sud as user, provider, charitable
and miscrean behaviours that constitute the "other tiles" of the Grid sccial carnvas.
In fact, a systemcapableof encompassingli erent allocation philosophiesmust be
capableof selectingthe type of allocation philosopty dependingto its scocial relations.

For thesereasonsl de ne a Saial Paradigm to analyzethe problem of resource
allocation and as an abstract theoretical ground to design prototypical solutions
capableof testing, in the experimertal sensedi erent sharingphilosophiesn di erent
Grid ernvironments.

To tackle the problem posedby the existenceof di erent middlewaresl de ne the
ervironmen asa metagrid, a conceptualspaceencompassingli erent middlewares.

A metagrid spaceis divided into three di erent regions.

Grid and Work ow regions that host di erent existing middlewares
The metagrid region where sccial and economicinteractions take place

Border regions at the intersection of the two where interoperability issuesare

tackled by a combination of abstraction and translation.

1.3 Structure of the Thesis

The structure of this thesisre ects the path from theseabstract conceptsto a pro-
posedprototypical implemertation and the experimerts thereon.

Chapter 1, Intr oduction , introducesthe basic conceptsand the aims of this
researb. It alsodescrikesthe architecture of the thesisand summarizesits achieve-
merts and cortributions.

Chapter 2, A look at the landsc ape, briey overviewsthe work of the scien-

tic community relevant to this researt: the conceptof resourceallocation in Grid



computing from an abstract and concrete perspective and the di erent approades
to the problem of interoperability. The chapter introducesthe concept of Scial
Grid Agents an ageri-based systemfor high-level brokeragein Grid computing and
it explains how this paradigm relatesto economicconceptssud as production and
exchangeand to sccial conceptssud as sel shnessand emgathy.

Chapter 3, Metho ds, is dewted to the description of the methods followed in
this thesis. First, it details the sccial and economicparadigm, then it describesthe
di erent topologiesin which the agers can be arrangedand how di erent sccial and
economicmodels can be descriked in sud a way. The problem of interoperability is
tackled in a sectiondewted to the conceptof metagrid a candidate environmernt for
SGAs. The architecture of the agens is described in a dedicatedsectionand, nally ,
a sectionexplainsthe information o wsthat regulatethe behaviour of the agens and
how a functional language,ClassAd, is usedfor this purpose.

Chapter 4, Implementation and Experiments , details the implemertation
of the Sccial Grid Agerts prototype from di erent perspectives: the implemenred
topologies,the implemerted ageris and an exampleof policies. The chapter is con-
cluded with a section dewted to experimerts that were performed to assesshe
reliability, scalability and correctnessof the agert's behaviour.

Chapter 5, Conclusions and Futur e Work , concludesthis enquiry and
briey explorespossiblefuture researt directions.

Chapters 3 and 4 are divided into sectionsthat cover the topologiesin which the
agerns are arranged, the architecture of the ageris and the nature of the language
usedby the agerts both internally and externally. The two chaptersdescrike ead of
thesetopics with an increasinglevel of detail starting from an abstract perspective

to implemertation examples.

1.4 Main Contributions

The main aim of this researt is a resourceallocation systemfor Grid computing ca-
pable of encompassingli erent allocation philosophiesacrossdi erent middlewares.

To designa system capableof encompassingli erent allocation philosophiesl used



a sacial paradigmto try to mimic, in the Grid, someof the sacial behaviours that, in
the real world, allow to humansto act accordingto di erent economicphilosophies
that depend on their sacial cortext.

To designa systemcapableof harnessingdi erent middlewares| useda conceptof
a metagrid that embracesthree di erent domains: the existing middlewares, border
regionswhereageris act asintermediatorsand a native metagrid regionwhereageris
that belongto di erent topologies,engagen sccial and economicrelations. The need
to deal with both functionalities and policiesin a distinct albeit closelyintertwined
fashion, the impossibility to know at designtime which agen will be making a nal
decision, and the infeasibility of the assumptionthat all the information will be
available to all actors, suggestedto basethe native languageof the agens on a
functional languageto allow delayed evaluation. A functional languagewidely used
in Grid computing called ClassAd was selectedas a basisto de ne a native language
that agerts useboth internally andto commnunicate amongead other. The prototype
allowed to test this solution in an ervironmerts encompassinghree middlewares
and to experimert with ageris capableof enforcing di erent, co-existingallocation
medanisms.

The main cortribution of Sacial Grid Agents can be summarizedin three broad,

di erent areas

Sacial Grid Agerts can be seenas economics-agnostic[71, 77, 72] (and this, in
fact, hasbeenoneof my strongestbeliefsin theseyears)and o er a systemcapa-
ble of implemerting di erent, and possibly co-existing, allocation medanisms
that can range from cooperation to competition, from unregulated economic-
basedsystemsto certralized planning. This agnostic view of the allocation
problem allows Sacial Grid Agerts to o ers the possibility to instruct ageris to

exposedi erent behaviours depending on their sccial context.

Due mainly to the metagrid approad), Sccial Grid Agens, are capableof har-
nessingdi erent middlewares[74, 75]. The de nition of border regionswhere
interoperability issues,that involve both functionalities and policies, are tack-

led by a conbination of translation and abstraction performedby border agens



allows for the designof stable and exible interoperability infrastructure

The useof a functional languagesud asClassAd[73] asa basisfor the agen's
languageallows the de nition of functionalities and policiesthat can be ewalu-
ated in di erent, potentially unknown a priori, stepsand this is a usefulfeature
asit allowsthe de nition of policiesthat canbe enforcedin a structure that is

not known a priori.

Finally, the architecture allows the implemertation of agens whosebehaviour
can be easily de ned and modi ed by writing behavioural instructions based

on the samefunctional approad and language.

1.5 Main Papers

The main papers produced during this researt can be roughly divided into three
di erent areas. Three papers[71, 77,72] detail the socio-economigaradigm and the
economics-agnosticesourceallocations medanism. Two papers [74, 75] detail the
technology-agnostidnteroperability architecture, the metagrid. A paper[76] descrile
medanismsfor the de nition of value and price that comprise Sccial Grid Agerts

and another agen-based system: Grid4C.



Chapter 2

A look at the landscap e

Figure 2-1: Hoy, hoy, hoy ! Digital land ahead!
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It is not from the benevolene of the butcher, the brewer, or the baker that we expect
our dinner, but from their regard to their self-love,and nevertalk to them of our
own necessitiesbut of their advantages

Adam Smith

If you knewwhat | know atout the power of giving, you would not let a single meal
passwithout sharing it in someway

Siddhartha Gautama (also known as Buddha)

The reasonthat the invisible hand often seemsinvisible is that it is often not there

JosephE. Stiglitz

The real voyageof disaovery consistsnot in seeking new lands@pes but in having
new eyes.

Marcel Proust

2.1 Intro duction

This chapter overviewsthe related work on the topics investigatedin this thesis: the
problem of resourceallocation (in section 2.2) and interoperability (in section 2.3)
in Grid computing followed by the motivations and the beliefs that underline this

researd.

2.2 Resource Allo cation Mec hanisms

The problem of resourceallocation in Grid computing hasbeenactively investigated
by the scieric community and consequetly the literature regarding this issueis
both extremely vast and rich in cortent.

In its simplest form, this problem can be descriked as the dilemma faced by
an actor looking for the resourcest needsin an environment under a given set of
constraints. In a Grid ernvironmen the agen looking for resources(often referred
to asa Client, User, or Requestel usesdi erent services(either directly o ered by
oneor more Grid middlewares)to discover the available resourcegth us exploring its

ervironmert), connectto them and ewertually usethem. The resourcesencompass
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hardware resourcesaccesgo simple Grid services(such asjob submissionand data
storage), software services(optionally accessedhrough licenses)and more complex
servicessud as work ow engines. The ernvironment comprisesone or more Grid
middlewares and in future might be expected to include a plethora of additional
services(indexes, markets and banks) that should evertually connectthe userto the
resourcest needs.

This problem is further complicated by the scarcity of resourceqand the conse-
quert needof their optimal use)and by the needto meetthe user'ssatisfaction. This
leadsto di erent and often clashing optimization conceptsthat have to co-existin
the sameernvironmert.

Although the various solutions[29],[40}ervisagedby the scieriic comnmnunity to
tackle the complexities of resourcebrokerageand allocation in Grids encompasge-
netic algorithms, simulated annealingand hybrid solutions[2(Q, we focusthis survey
on classicaresourceallocation approadhesaswell asonthosethat areeconony-based,
ranging from competitiv e lib eralismto cooperation, from uncortrolled markets[29[89]
to certralized cortrolled economies[4]235].

The rst part of this literature survey encompassesome "classic" allocation

systemsand the secondcomprisesothers basedon economic paradigms

2.2.1 Classical Resource Allo cation Mechanisms

A proposal for a taxonomy of resourceallocation systemsin Grid Computing is
descrited in [49]. This paper concisely descriles issues,cortext and functions of
resourceallocation systemsand o ers a taxonony basedon the conceptsof grid
type, namespaceorganization, resourcedissemination protocols, resourcediscovery,
stheduling model, state estimation and sdeduling policy.

Another taxonomy is proposedin [52]. This analysisis basedon the de nition of
an abstract model for a Resouce ManagementSystem (RMS) and also usesactors
that cover the rolesof resourcerequestersresourceproviders and resourcecortrollers.

RMSs are categorizedalong di erent dimensions:

Machine Organization: the topology in which the various actors are arranged.

12



The following categoriesare proposed: at, cellsand hierarcical

Resoures. how the RMS is related to the resourcest manages.This dimension

is further decommsedin the following sub-dimensions:

{ Resoure Model: that can be either basedon Schemas(where the de-
scription of the resourceis expressedn a description language)or Object
Models (where the description of the resourcealso comprisesthe actions
that can be performedon the resource),both of which can be either xed

or extensible.

{ Organization of the Resoure's namespce: that can be relational, hierar-

chical or graph-based.

{ Quality of Servie: that canbe either be absen, soft (where attributes of
the requestcan be expressedout not enforceddirectly by the RMS) and

hard (where the attributes of the requestare guararteedto be met).

{ Organization of the store for the resoure information : that can either be
implemerted through Network Directories (such as LDAP [18]) or Dis-
tributed Objects (such as CORBA [6]).

{ Resoure dismvery: that is performed either through queriesor agens.

{ Resoure dissemination: that can be either periodic or on demand.
Scheluling philosophy that can be certralized, hierarchical or distributed.

State estimation: that can be either predictive or non predictive.

gLite

In the gLite middleware, the action of matching jobs and resourceds performed by
the Workload ManagementSystem (WMS) [23, 27] where the information on the
available resourceds matched againstthe job description.

The gLite middleware encompasseswo main types of resources:Computational
Elements(CEs) [27]and StorageElements(SEs)[27]. The middleware allows a form

of combined matching whereit is possiblefor a userto specify a preferencefor the
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StorageElemernt that is most closeto a de ned Computational Elemen. In gLite the
ClassAd language[84, 83, 85, 56] is usedto de ne a Job Description Languagenamed
JDL [68, 69]that is employed to specify both the requiremens of the job ownersand
the preferencesof the resourceowners. The description of the jobs and those of the
resourcesare matched in a componert of the Workload Managemeh Systemcalled
the Resoure Broker [27, 43).

While the description of the jobs is directly determined by the user, the de-
scription of the resourcesand their status is the result of a gathering and Itering
processperformedby a multi-layered hierarchical architecture of elemeits known as
BDII [27]. Mutual trust medanismsbetweenthoseresponsiblefor the resourcesand
those responsible for the various BDI | seners minimize the likelihood of malicious

tampering with the information.

a

W

MS
MatchMaker

Resource

“

Sharing and Allocation System

Figure 2-2: A simplied view of the resourceallocation architecture in the gLite

middleware.

To accessresourcesusers must possessa valid User Certi ¢ ate [27] issued by
a Certi c ate Authority [27] that is acceptedby the resourceproviders. With this
certi cate a user can issue a Proxy Certi c ate [27] that will be acceptedby the
resourceshat are enabledto do so.

The usercan de ne the requiremens of its job as a Booleanfunction (known as
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Requirementg that must evaluate to true for the resourceallocation to be successful.
The user can also specify a Rank function to rate di erent resources. The same
can be done by the resource'sowners. HenceglLite can chooseresourcesand jobs
that respect the requiremers (expressedwith the Requirements function) and the
preferencegexpressedvith the Rank functions) of both the resourceand job owners.

The user can query the gLite servicesfor a list of available resourcesthrough a
matchmakingoperation and then target speci cally that resourceby specifying it in
the requiremerts eld or it can askthe WMS systemto nd and usean "optimal”
resourceby invoking a one-stepsubmit operation.

It is worth noting that the Requiremens function de nes a sub-sj@ce in the space
of the parameterswherethe requiremens of both the userand the resourcesare met
while the Rank function de nes an ordering in the parameterspace.

gLite also allows a certain degreeof a site-lewel, VO-basedfair-share scheluling
as those responsible for the sthedulerscan implemert fair-share policies on systems
sud asMAUI [15].

Fair-share sdheduling [35, 42] ertails that all usersbelongingto the VOs encom-
passedn a Grid canreceiwe the serviceshat wereagreedupon whenthey joined the
Grid. Although simple in principle this conceptis di cult to implemert becauseof
the unpredictable and volatile nature of the workloads submitted by the users.An a
priori allocation will fail in presenceof heary concurrernt requestsof resources.Let's
imaginean allocation systemwhereall usersare granted the right to consumea given
amourt of computation over a period of time, if all usersconcetrate their requestsin
the sametime frame, then it is possible,if not probableat all, that a systemwill not
be able to cope with the demandpeak and, consequetty, the userswill not be able
to avail themsehesof the shareof resourceghey were granted. The implemertation
of fair-sharepoliciesis further complicatedin Grids by the autonomy of the resource
ownersin the de nition and enforcemen of local allocation policies.

In gLite, MAUI implemerts a fair-share policy by setting the amourt of waiting
time that is then propagatedthrough the BDI I hierarchy to the WMS.

gLite's approad to resourceallocation givesthe user a signi cant latitude: on
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one hand, the description of the job may be minimal, omitting any resourcespec-
i cation (thus leaving the WMS to take into accourt only the requiremerts of the
resourceowners). On the other hand the job description may cortain very detailed
requiremens and even target a speci ¢ resource.

The taxonomy of [52] describes the gLite middleware with the following char-
acteristics: a hierarchical architecture, a hierarchical namespacewith an extensible
sdhemamodel, a network directory store, no explicit QoS support, discovery via dis-
tributed queries,periodical push disseminationof the information, and a hierardical

sthedulerwith extensiblepolicies.

Globus

The Globus GRAM [95] (part of the Globus Toolkit [96]) hasa di erent approad to
resourceallocation: it o ers a sophisticatedlevel of abstraction capableof harnessing
di erent sdedulerswith an integrated staging systemfor the job sandboxes' but it
o ers no direct brokeragefacility.

Jobsaredescribed with the RSL language[97]wherethe requiremens are directly
expressedas key-value pairs for parameters. This is a signi cant di erence from the
gLite approad wherethe parametersare indirectly de ned asthe sub-spacewhere
the requiremerns function evaluatesto true.

The Globus approad explicitly de nes a point in the spaceof the parameters:

Pr = w1 (2.1)
Ph = Vn (2.2)
Pn = W (2.3)

The gLite approad is to de ne a subspace:

Requir ements = f (py;Pn;Pn) (2.4)

lWhile the gLite system requires that all the sandbox les be present on the User Interface
machine, the Globus GRAM allows for the les to be staged automatically. The locations of the

sourceand destination are directly speci ed in the job description.
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The two solutionscoincideif the gLite Requiremers is composedof equivalences,

sud as:

Requirements = (p; == V1)&&( pn == Vn)&&(pny == W) (2.5)

The taxonomy of [52] descritesthe Globus middleware with the following char-
acteristics: a cell architecture, a hierarchical namespacewith an extensible shema
model, a network directory store, soft QoS support, periodical push disseminationof
the information and a decettralized sdeduling infrastructure where the scdedulers

are provided externally.

Condor

The Condor middleware hasan approad that is similar to that of gLite. In fact the
ClassAdlanguageusedby gLite was originally deweloped for Condor. One di erence
betweenthe Condor and gLite middleware is the way in which the information is
gatheredand published by the resourcesand the users. While the gLite middleware
delegatesboth the stepsof matching and binding the requesterand the provider to
the WMS componen, the Condorarchitecture is more exible, allowing the two steps
to be separated. This is achieved by specifying di erent protocols.

A simpleallocation scenarioin a Condor systemis describedin Figure 2-3. Firstly
the Provider and the Requestoradvertisethe description of requestsand resourcedo
the Matchmaker This communication is regulated by a speci ¢ advertisementpro-
tocol. Oncethe matchmaker hasfound a compatible pair of ClassAdadvertisemens
it comnunicatesthe match to the requestorand the provider with the noti c ation
protocol. Finally, the requestorand the provider may engagen the nal binding step
through a third protocol known asthe binding protocol.

Becauseof this exible architecture and the functional nature of the ClassAd
languagethat allows partial evaluations, this solution can be extendedto cope with
situations whererequestscan only be satis ed by bundlesof resourcesud asCPUs
and licenses.This extensionto the match-making architecture, called gang-matching

is represeted in Figure 2-4 and is the focus of a Ph.D thesis[85].
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Figure 2-3: Simple ResourceAllo cation architecture in the Condor middleware.

The taxonomy of [52] descrikesthe Condor middleware with the following charac-
teristics: a at architecture, a hybrid namespaceavith an extensiblesthemamodel, a
network directory store, no QoS support, discovery via distributed queries,periodic

push disseminationof the information and a certralized sceduler.

2.2.2 Socially and Economically Inspired Resource Allo ca-

tion Systems

Chapter 1 introduced the conceptthat the problem of resourceallocation in Grid
computing closelyresenbles the de nition of an econony. In fact economic-inspired
solutionsboth at theoretical and practical level are actively investigatesand proposed
by the Grid comrmunity.

Although not speci cally focusedon Grids, Sharpe's The Economics of Comput-
ers [88 o ers a comprehensie application of the Geneial Equilibrium Theory [61]
to the domain of computers. The book was written in 1972 and, consequetty, it

dealswith a scenariothat has somesigni cant di erences from that of these days;
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Figure 2-4: Multiple ResourceAllo cation architecture in the Condor middleware.

newerthelessit o ers a theoretical and practical approad to understandingthe eco-
nomics of computers and, although written in a period in which computers were
large mainframes,the discussionon pricing modelscould be extendedto the modern
scenarios.

In [10Q and [107]] there is an attempt to analyzethe problem of economic-based
resourcegonly cpu and disk spacearetakenin accoun) allocation in Grid computing
(at timesreferredto asComputational Economies) both at a theoretical and practical
level through simulations. A set of assumptionsto use Computational Economics
are de ned and two main pricing medanisms: Commality Market and Auctions
are analyzedin di erent market conditions. The conclusionof the authors is that,
although auction-basedsystemsare widely used (the authors suggestthat this is
due to the relative simplicity of the implemertation of auction-basedsystems),the
commality market models performsbetter in most market conditions.

Although most of the economic-basedolutionsand analysis[28],[29], [33]and [36]
of the problem of resourceallocation in Grid computing rely, implicitly or explicitly
to the beliewesthat the General Equilibrium Theory is useful to descrite real life

economicsand that, by extension,it is usefulto tackle similar problemsin Grid com-
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puting, the study conductedin [63] cortradicts these believes on di erent courts.
The main problemsraised by the authors are of di erent kinds: rst General Equi-
librium Theory doesnot o er any explanation for casesin which the markets fail,
secondlythey highlight the di erences betweenreal and computational markets that
may result in an even higher probability of failure, lastly the authors point out that
General Equilibrium Theory doesnot take into accournt aspects sud as the role of
governmert policies, the necessi of trust betweenthe agerts that are relevant in
Grid computing.

[28 and [29]survey the market modelsthat could be possiblybe appliedto Grid

computing. Theseare deemedto be:

Commality Market Model: In sud a model the price of aresources setdirectly
and solely by the owner of the resource. This model encompassesli erent
strategies and algorithms for the de nition of the price that can re ect the
amourt of resourcesused (that can be frequertly adjusted in time to re ect
demandand supply or that canbe at and thus remain constart for a period

of time).

Postal Price Model: This model is similar to the Commadity Market with the
extension of special o ers that a resourceprovider can post to attract new
costumers. Both models are characterizedby the fact that the price is set by
only one party: the resourceowner. In the real world this model is found in
supermarkets wherethe price of ead item is de ned by the managemen of the

supermarket and remainsconstarn over a reasonableength of time.

Bargaining Model: In this model the price is de ned by a negotiation of two
parties: the resourceowner and the party requiring the resource(e.g. a user
or a broker). The two parties engagein a negotiation basedon their object
functions. If the negotiation protocol is e ective then the resulting price is a
compromiseof the expectationsof both parties. In the real world sucd a model
can be found in a bazaarwherethe price is de ned on a per purchasebasisby

the sellerand the client.
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Tendering/Contract-Net Model: In this model the party requestinga resource
publishesits requiremerts and collectso ers from the resourceowners. It can
then rank the o ers and choosethe one that is most suitable. This model is

usedin the real world asa way to nd and choosecortractors.

Auction Model: The auction model de nes a one-to-mary negotiation where
a party o ers resourceso many possiblebuyers. The price that is set during
the auction dependson the utilit y functions of the di erent actorsinvolved but
also depends heavily on the auction rules that are de ned and enforcedby a
third party: the auctioneer. The rulesde ne the auction protocols. Among the

most commonauction models are:

{ English Auction: where all buyers can out-bid ead other until only one

0 ers remains.

{ First price saaled bid: whereall buyerssubmit their o er just once,without

knowing those of the others, and the highesto er is selected.

{ Vickery: where all buyers submit their o er just oncewithout knowing
those of the others; the winner is the bidder who o ered the highestprice

but the price is the one o ered by the secondhighestbidder.
{ Dutch Auction: wherea high starting price is set by the auctioneer,who

lowersthe price until one of the bidders acceptsit.

Community and Caalition Models In sud models the resourcesare shared

amongthe menbers of a community from a commonpool.

Bid-baseal proportional sharing models In sud models the percenage of a
resourcethat ead requestercan get is a proportion of the price it o ered

during the bidding process.

Monopoly, Oligopoly: Wherethe price is setby oneor few resourceownersthat

can de ne priceswithout competition.
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DGAS

gLite includesa distributed accouring systemcalled DGAS [2]] that is basedon a
network of accourting units that keepinformation on groupsof usersand resources.
Classicrecords (CPU time and memory) are managedby the system, which also
supports a limited form of economicaccourting for economicbrokering.

DGAS implemerts ResourceUsageService(RUS) [78, 98], which is an OGF [17]
initiativ e to de ne an accouning system capableof encompassingli erent middle-
wares(gLite using DGAS, SweGrid using SGAS|[35, 42], and Unicore[81])to achieve
accourting interoperability.

An extensiwe survey of accourting in Grid Computing can be found in [70].

SweGrid and SGAS

Globuscanbe extendedwith econony-basedresourcesllocation usingthe SGAS [35,
42] systemdeweloped at the Department of Computing Scienceand HPC2N of Umea
University. The SGAS systemfocuseson interoperability and fair-share allocation.
Interoperability is achieved by o ering plugin-points for adaptersspeci c to di erent
ervironmerts.

SGAS is somehav inspired by a scrialist perspective where great importance is
attributed to the fairnessof the allocation. To achiewve this, SGAS implemerts a
centralized economicmodel where a certral authority grants di erent amourts of
credits to the various usersof the system.

This solution allows a fair allocation of resourcegprovided that the certral au-
thority is fair) in the sensethat all usersmay be given a fair amourt of credits;
unfortunately, in the absenceof a correcting medanism, there is no guarartee that
the credits can be really corverted into services.

SGAS successfullytackles this problem by time-stamping the allocation credits
and by reducingtheir validity to a certain time-frame. This discourage<lients from
hoarding credits and the possibility that they are usedall at once.

A key componert of SGASis a highly-scalablebanking system. This is achieved

by virtualizing the bank and by partitioning it acrossdi erent seners(namedbranch
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seners).

SORMA

The SORMA project [19, 64, 65| attempts to adopt self-organization.First it postu-
lates three di erent reasonsthat prevent e ective implemenation of market med-
anisms[19]: insu ciencies in the designof Grid markets, poor client support and
inadequateconnectionwith existing middleware. The project proposesan economic
model called Decentralized Local Greedy Mechanisminspired by the neo-liberist belief
that a population of agens acting in the pursuit of their exclusiwe self-interest will
ewertually read an equilibrium of economice ciency that no single agert planned
for at the beginning.

The model is further enriched in [82) to take SLA agreemets into accoun. An
Economic Enhaned Resouce Manager (EERM) usesa predictive model to foresee
the impacts on the resourcedt managesof acceptinga certain task. The model uses
the conceptsof Revenue(the amourt of credits that areto be paid if SLA terms are
met), Penalty (the amourt of credits that are to be paid if SLA terms are not met)
and Gain (the di erence between Rewerue and Penalty). The EERM will decide
whether to violate or not SLA terms, basingits decisionson the foreseene ects on
resourcesand the nancial outcome.

SORMA proposesan architecture where a Grid application will connectto a
set of intelligent tools. Thesetools will usethe economicknowledge provided by
the Open Grid Market (contracts managemet) billing, security and monitoring) to
optimize the Grid resourceso ered by an Economic Grid Middleware that connects
the intelligent tools with the existing resourcesand enriches the information with
economic-spci ¢ data.

SORMA implements an economicmodel that adjusts the amourt to be paid
accordingto the e ective Quality of Servicereceiwed by the user. In fact, eat time
ajob is resheduled,an amourt of credits is paid to compensatefor the jobs that are
delayed.

The connectionsof SORMA's approad with the conceptsof Servie Oriented
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Architecture and Autonomic Computing link this project philosopty with that of
CATNETS discussedn 2.2.2.

ASSESS Grid

The ASSESSGrid project also focuseson solving the issuesthat arise in the im-
plemertation of SLAs in Grids. In [2] the shortcomingsof SLAs (unwillingness of
providers to agreeon SLAs knowing that a penalty will have to be paid in caseof
violation and the uncertainty of userson the real enforcemen of SLAS) is mitigated
and taken into accourt in the decisionmedanism with the concept of the Prola-
bility of Failure (PoF) that descrikesthe likelihood of a SLA to be violated. This
information is published with the SLAs and allows for more complex and e ective
decision-makingmedanismsby all the parties involved: users,resourceownersand

resourcebrokers.

CATNETS

CATNETS [4, 37]0 ers atheoretical analysisand simulation experimerts of a market
model basedon the conceptof a self-organizingpopulation of agerts. This approadh
is tightly linked to the conceptof ServiceOriented Architectures (SOA).

The ageris usedin the simulation are:

Resoure Agentsthat act as proxies for aggregationof Grid resources.

Basic Servie Agentsthat provide the ComplexServie Agentswith the basic

servicethey need.

ComplexServie Agentsthat provide unspecializedertry points to Grids (they
acceptany requestfor a Complex Service)that composethe basicservicesinto

onesof higher complexity.

CATNETS implemerts a two-step economicmodel wherely a call-for-proposals

is followed by a negotiation.
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The simulation alsoencompassesno di erent typesof markets for resourcesand
services. This approad allows the ewaluation of a free market allocation topology

whereno certral broker exists.

GESA

The book "A Networkingapproachto Grid Computing" [57] dewotesa chapter to the
description of an OGSA-basedarchitecture that supports Grid economicservices:
the Grid Economic ServicesArchitecture (GESA). The proposalis not tailored to
any speci ¢ economicmodel but o ers an OGSA-compliant architecture to support
di erent economicmodelsand to build e ective, standardizedeconomic-basea@ppli-
cationsin Grids. The architecture is harmonizedwith the architectural proposalsof
seweral OGF [8] working groups on ResourceUsageServices,Grid ResourceAllo ca-
tion Agreemen Protocol and UsageRecord.

GESA proposesa set of standardized metadata built on top of the OGSA Grid
Serviceinterface that describe Servie Data Elements (service-sgci ¢ advertising
elemens) that enrich the description of a Grid servicewith economicinformation
sud as pricing, currency and payment methods.

GESA architecture is exible and comprehensie, it describesresourcesaswell as
complex paymert issuessud as compensation, refunding and support for multiple

currencies.

The GridBus Pro ject

The GridBus [12] project is the cortinuation of the Grid Economy Project [9] that
producedan economic-avare infrastructure sitting on top of existing middlewares.

The overall architecture is composedof v e di erent layers

A Grid application layer that hoststhe software applicationsthat are executed

on the GridBus middleware.

A User-levelmiddlewar layer that hoststools sud as work ow enginesand
econony-aware brokers usedby the applications to discover, negotiate, select

and manageresources.
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A Core Grid middlewar layer that hosts existing Grid middlewares suc as
Globus or Unicore alongside econony-speci ¢ servicessud as markets and

banks.

A Grid-Fabric Software layer that hosts Operating Systems(OSs), schedulers
sudh asCondor [5] and the native Libra [14], and other technologiessud asthe
Java Virtual Machine (JVM).

A Grid-Fabric Hardware layer that hosts physical resources.

Native, econony-aware componerts are preset in all layers exceptthe bottom

(Grid-Fabric Hardware) and top (Grid application layer). Theseare:

Nimrod-G[16] that allows the econony-aware managemen of the execution of

parameter-sveepapplications acrossdistributed computational resources.

An economy-awae broker[1]] that allows the discovery and selection of re-

sourceson the basisof budgetconstraint and time-constraint policies.

A Grid Market Directory (GMD) [10] that allows the providersto publish their
servicesand the related coststo the public. It permits the retrieval of informa-

tion through its portal, a SOAP interface or speci ¢ APIs.
A Grid bank that allows accourting, paymerts and authertication.

Libra[14] that allows quality-of-service-avare and economic-avare sdeduling,
execution and monitoring of sequetial and parallel jobs on a homogeneous
Linux cluster. The job description is enriched by information regarding the
allocated budget and the deadlinerequired. This additional information allows
the Libra schedulerto implemen econony-driventime and budgetoptimization

algorithms whilst respecting the QoSrequestedby the user.

The architecture of GridBus allows for the implementation of economicmodels
that are mainly QoS,budgetand time driven at ewery level from low-level scheduling

with Libra to high level interactions with markets, banks and work ow engines.
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It is worth noticing that, although the currernt implemertation highlights time and
budget constrainedallocation modalities, its paradigmand the philosopty underlying
its architecture is inspired by a broader analysisof many di erent economicmodels,
see[28] and [29].

ArguGRID

Although it relieson Peerto Peercomputing-orierted resourcesather that Grid mid-
dleware, the ArguGrid [1, 94] (funded by the EuropeanCommissionunder Framework
Programme6) proposesan interesting ager-basedapproad. Its designis inspired by
ServiceOriented Architecture and is basedon a setof ageris capableof argumentation
to cope with incomplete knowledgeand con icting information for decision-making.

The proposedarchitecture cortains v e layers: the topmost consistsof userappli-
cationsthat connectwith dynamically formed Virtual Organizationsof agers hosted
in the fourth level. The third level cortains middleware and web-servicego connect
to the secondlevel, which cortains the P2P computing networks. The level at the
bottom hoststhe network.

The most innovative aspect of ArguGrid is in the fourth level where intelligent
agerns use argumenation to negotiate with ead other to produce contracts that

descrike task allocations and work o w descriptions.

A Trust-a ware Economic-based Scheduling Mo del

The relation betweentrust and economicmodelsis analyzedin [109 in the domain of
economicmodelsfor scheduling. The relevanceof the problem of trust in the sharing
of resourcess highlighted and a formal model is proposedto allow trust issuesto be
takeninto accour in economianodels. A mathematicalabstraction of trust is de ned
asa function of the relation betweentwo parties and the reputation that the party has
amongits peers. This mathematical gure istakeninto accoun in a costoptimization
algorithm that considersconstrairts in time and budget. Theoretical analysisand

simulations shov how the additional information regardingtrust improvese ciency.
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Price Elasticit y

[55] speculatesthat time-division based pricing medanisms, where resourcesare
priced depending on the averageusethrough the day, are not usedby the Grid users
to their full advantage. To overcomethis an economicmodel is proposedthat a ects
both the behaviour of the userand the provider by introducing a function basedon
the price-elasticity conceptthat is usedto adjust resourceprices. An architecture
basedon OGSA is then proposed, where componerts hosted on the user and on
the provider adjust pricing medanismsand object-functions to maximize the user's

satisfaction.

2.3 Interop erabilit y

The sciertic community haslong sough ways to cope with the challengesof using
heterogeneoufardware, operating systemsand application-speci ¢ software. One of
the solutionswasthe conceptof Metacomputing, ultimately leadingto Grid Comput-
ing.

In this chapter | have detailed how the Grid concepthas given rise to many dif-
ferert implemertations. Ead of thesedi erent approateshas particular strengths
and weaknessesilt is becomingincreasinglyimportant in the Grid commnunity to nd
solutionscapableof harnessinghe di erent capabilities of multiple implemenations.
Ead Grid middleware o ers solutions basedon di erent philosophiesfor basiccom-
mon servicessud as job submission, le storage,information systemsand security
whilst someo er extendedservicessud as sophisticatedresourcebrokeragesystems
or innovative work ow execution systemscapable of executing complex work o ws
basedon di erent computational models. There are a number of work o w engines
that are being deweloped independertly of Grid middlewares and are already able
to interoperate with one or more Grid middlewares. In addition ead Grid and/or
work o w engineis managedwith di erent policiesand rulesthat must be respected.

Ironically the proliferation of di ering Grid middlewaresis nowadays posingthe

sameset of problemsand challengest intendedto solwe, just at a higherlevel. In the
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newer-endinggameof coping with the complexitiesgeneratedby previous solutions,
the Grid comnunity is trying to addressthese new issueswith a eld of researd,
known as Grid Interoperability, that focuseson enablingdi erent Grid middlewares
to inter-operate with ead other, and enabling conbined usageof heterogeneougrid
middleware.

For one Grid middleware to be able to usethe capabilities of another, it must be
extendedto interface either directly with the other middleware, or with third-party
middleware. While it is easierto just support the commonservices,it may actually

be those very Grid-speci ¢ extendedservicesthat make interoperability desirable.

2.3.1 Major current interop erabilit y approac hes
P-Grade

The Hungarian P-GRADE (Parallel Grid Run-time and Application Developmen
Environment) [54, 22, 26] o ers an extensiwe toolset for creating work ows, and
with the assaiated PROVE [79 provides for debuggingand monitoring the execu-
tion and performanceof applications. P-GRADE is basedon GridSphere, a grid-
enabledportal construction framework from Poznan. In recen times the support of
P-GRADE for di erent Grid technologieshas extendedto include Condor, Globus
and LCG/EGEE. One of the designgoalsherewasto make it possiblefor a userto
dewelop a work ow for the Grid without knowing the particulars of the underlying
Grid technology and to be ableto move the work to other Grids without altering the
work ow. The focusis on allowing a userto work at a work o w level and interoperate

with multiple middlewares.

GridLab

A Europeanproject led by PoznanproducedGridLab [87], a spiritual descendan of
Cactus, a set of application-orierted Grid servicesand toolkits providing capabilities
sudh as dynamic resourcebrokering, monitoring, data managemen security, infor-
mation, adaptive servicesand more. Servicesare accessedisingthe Grid Application

Toolkit (GAT). The GAT provides applications with accesgo various services,re-
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sourcesspeci ¢ libraries, tools, etc. Applications usethe GAT through a xed GAT
API. The GAT is designedin a modular plug-and-play manner, sudh that tools de-
veloped anywhere which conform to the GAT API will be inter-operable. In this
cortext, GAT is a third-party middleware through which other middlewares may

interoperate.

WLCG

For eat pair of Grids, the worldwide WLCG [93] identi es common elemerts in
the software stadks, and dewelopsextra glue componenrs to connectcompatible ele-
merts. Currently, interoperability between EGEE and OSG is the most deweloped:
bi-directional job submissionis possible,OSG sitesappearin the EGEE information
systemand are tested using EGEE test suites. It should be noted that many of the
issuesinvolved in providing ongoinginteroperation betweenGrids are administrative
rather than technical.

While pragmatic, WLCG's approad is not scalable,sincefor N Grids it leadsto

N2 extra glue componerts, i.e. N 2 interoperability solutions.

Grid Interop erabilit y Now (GIN)

OGF's Grid Interoperability Now (GIN) [90] hasiderti ed four interoperability ser-
vicesthat they would like to realisein the short term: authertication/authorization,

a resourceschema, job submission,and data managemet In the longerterm, work-
o w, co-stieduling and accourting are alsoervisaged. The GIN group aimsto tackle
interoperation, which they de ne as ‘what needsto be done to get grids working
together’, using existing software only. In cortrast they considerinteroperability to
be the more generalability of software and hardware from various vendorsto com-

municate.
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2.4 Social Grid Agents

Chapter 1 postulated similarities betweenGrids and sccieties, in this thesis| explore
a high level resourceallocation system basedon sacial behaviour and | do so by
proposing a sccial and economicparadigm as an abstract platform upon which an
experimertal implemenation can be constructed.

Grids allow computational resourceso be sharedin a relatively secureerviron-
mert. In this respect Grids allow usersand resourceownersto belongto di erent
administrative domains. The separation of these domains posesmany challenges:
rstly , there must be a security infrastructure that connectsthe domains;secondly
(and more importantly for this researb) there must be a way to nd suitable re-
sourcesacrossdomains. Better still, there ought to be a way to nd "optimal”
resourcesand, corversely an "optimal" way to useresources.When resourcesand
usersare in the sameadministrative domain it is relatively easyto de ne allocation
algorithms aiming at the optimization of somemetrics but in a systemwherethese
domains are disjoint it is even di cult to de ne what optimal means. Thesedi -
culties stem from di erent reasons: rstly , if the preferencesf all the actors are to
be taken into accourt by one or more actors when they make their decisions,there
must be a homogeneousvay of de ning them, secondlyall the information to be
available to all the relevant decisionmakers and this is hard to acieve on a both
practical and theoretical accourts. Information can be outdated whenit readhesthe
relevant decisionmaker, the amourt of information can result far too conspicuougo
be handlesand, nally, it cannot be assumedhat all the involved actorswill always
be willing to shareall their preferencego all the other actors.

Sacieties and economiesare the solutions that mankind devisedto solve similar
problems: the allocation of limited resourcesamongactors with incomplete knowl-
edge,di erent aims and goalsand the needof a relatively stable structure. Sccieties
allow groups of individuals to co-existin relative stability and provide groundsto
implemert di erent allocation philosophiesfor scarceresources.l hope that, by re-
ecting sacial behavioursin a Grid, | will be ableto provide similar levelsof exibilit y

in the allocation of resources.In fact, both allocation problemshave many points
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in commonand it is reasonableto assumethat solutions devisedfor one might also
prove pro table for the other. This considerationis at the very baseof the desired
paradigm.

This thesis speculatesthat Grids might be seenas "societies in a digital envi-
ronment" where goods and servicesare exchangedand where actors, either directly
cortrolled by humansor of ertirely automatic behaviour, exposesacial behaviours.

| seethe potential similarities betweenhuman and grid sccietiesas multi-faceted:

optimization, diversity and complexity.

2.4.1 Optimization

Mankind has deweloped sacieties supporting a variety of philosophiesof sharing and
allocation. How the di erent actors concurin the de nition of the allocation meda-
nism appearsto depend on the nature of the scciety itself: in someall the menbers
cortribute almost equally to decisionson allocation parameters,while in more "auto-
cratic" onesonly few or even only one of the menberswill decide(sometimesto their
own advantage). The author cannot claim any special expertise in the subject, but
to cite John Kenneth Galbraith in his "History of Economics"[50]and "The A uen t
Saciety" [41], the allocation medanismsappearto be basedon the current "common
wisdom" of that saciety. Although the researt of important pundits (asfor example
Stiglitz [91, 92]) points out many failures and shortcomings,in one "common wis-
dom" it is believed that "fr ee market" economicscan approad optimal allocations
in many (if not most or even all) scenarios.

The debateon the validity and shortcomingsof di erent economicmodelsis also
presen in Grids aspresetted in Section2.2.2,thereis no strong consensusn the best
model for resourceallocation. The theory of General Equilibrium Analysis fails to
explainfailure in the market systemand ignoresaspectssud astrust and governmen
intervertion that are particularly important in Grids.

While competitiv e, free-marlet allocation medanismsappear to be able to reath
allocations that are a reasonablecompromiseamong many menbers of a scciety

it also appearsthat co-operative behaviours are best suited for others. Finally, in
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marny scenariosjt seemghat free-marlet allocation cannoteven approad optimality
without the intervertion of a regulatory enity often referredto asthe government
Governmerts are alsokey playersfor their capacity in investingin infrastructure that
are of commonbene t for the ertire saciety. This behaviour of governmerts, often
referred to as Keynesian Investments will inspire one sccial topology investigated
in this thesis. Investmen in public infrastructures is a particularly important topic
becausemany Grid infrastructures are publicly funded.

Human sccietiesappearto have the capability of simultaneously encompassingl-
location behaviours basedon di erent (and possiblyeven cortradictory) philosophies
and being relatively stable and resiliert at the sametime.

For the time being, Grids are, fortunately, much simpler than human sccieties;
they newerthelessfacea very similar problem: the needto nd a resourceallocation
philosoply that takesinto accourt the di erent criteria of optimality of the various
menbers. A job owner'sideaof "optimal execution"will probably di er from that of
a resourceowner and a Grid that consistetly ignoresthe needsof usersor resource
owners would soon be desertedby one of the two parties and collapse. As it is in
human scenarios,"free market" economicsmight approad optimal allocations in
somescenarioswhile co-operative behaviours might be best suited for others. For
thesereasond beliewe that in a Grid actorsshouldbe ableto concurrerly implemert

a large variety of allocation philosophiesin a stable ervironmert.

2.4.2 Diversity and Interactions

The sccial paradigm can also help us in understandingyet another grid characteris-
tics: diversity. Human sccietiesdi er from ead other in many aspects: behaviours,
philosophies,valuesand consequetty priorities. History is both nursery and grave-
yard to a myriad of conceptsand implemertations of the abstract conceptof scciety.
Although with much lessbeauty and complexity, the di erent grids that have been
proposedand implemerted shav the sametendencyto variety and originality. All
thesemarny di erent solutionsto the sameproblem are in competition but also co-

exist and could potentially interact with eat other as human sccieties do.
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2.4.3 Complexit y

There are casesof human sacieties where the emergenceof a stable environment
for a signi cant time coincidedwith an explosiwe increasein the complexity of the
saciety itself and its products. In its beautiful book Jared Diamond, Arms, Germs
and Steel [34], postulates causality: that whenewer humans can rely on su cient
resourcesand sccial stability, they have the potertial to engagein a momernous
increasein the complexity of their sccial structure and of the complexity of their
products.

An analogouscoincidenceis now happening in Grids: stable Grid environmens
have emerged,and now they are o ering servicesof ever-increasingcomplexity. The
rst Grid middlewareso ered limited servicedor job executionand data storage,then
work ow enginesfollowed, and currertly highly sophisticated serviceseven include
semaittic descriptionsof themsehesand complex metadata managemenh

Moreover, the possibility of harnessingmultiple di erent middlewares (e.g. us-
ing P-Grade) allows the creation of even more complex tasks or work ows. The
CrossGrid[46] o oding managemenh system|[47] is just one enlightening exampleof
a complex and sophisticatedsystemin Grid computing. Examplessud asthis en-
compassand orchestrate many di erent servicesthat can be arrangedin hierarchies
of di erent complexities.

A saciety-based approad to grid interoperability that yields the concept of a

metagrid is detailed in Section3.4.

2.5 Motiv ations

In Grid computing, the economicperspectives and beliefs used to investigate the
resourceallocation problem are as vast and diverseas those usedto interpret real
life. This considerationsuggestsan economic-agnosticapproad basedon a sccial
paradigm capableof encompassingli erent economicphilosophiesto give allocation
systemsthe exibilit y to changeits behaviour depending on the sccial corntext.

The fact that many di erent implemertations of the conceptof Grid are already
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presen and the belief that full interoperability de ned through standardization will
not achieved in a short time conbined with the increasingcomplexity of the Grids
suggestsan technolaical-agnosticapproat basedon a metagrid, a conceptualview
of interoperability basedon the conceptof border agerts that act astranslators and
mediators at a technological and logical level.

| proposea solution (detailed in Chapter 3 and Chapter 4 capableof enforcing

di erent allocation philosophiesacrossdi erent Grid middlewares).
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Chapter 3

Metho ds

Figure 3-1: Sccial Non-Grid Agerts exdianging information.
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Geometry is not true, it is advantageus
JulesH. Poincare
| prefer drawing to talking. Drawing is faster, and leaveslessroom for lies.

Charles-douardJeanneret-Grisdit "Le Corbusier"

3.1 Intro duction

This chapter beginswith the explanation of the main conceptson which Sccial Grid
Agerts are based, it then descriles the architecture at three di erent lewvels: the
topologies! usedto model the di erent allocation philosophies,the architecture of

the agens and the agent's native language.

3.2 Vocabulary and Key Concepts

3.2.1 Pro duction

Production in grids can be descriked using the conceptof a production chain that
goesfrom the basicgoods, or factors, to intermediate commalities and, in the end, to
the nal service,or producd commadity. This conceptionof grid jobs and work o ws
as supply chainsis illustrated in Fig. 3-2 while Fig. 3-3 shavs a more detailed view

in which the factors are divided into three main categories:

37



=

Primary Service Intermediate Service Produced Service
Y

=

=

< > < ) < > Q >

_g <

3 —

S

A

. A
Production
e

Figure 3-2: Represetation of a grid serviceas a micro-economicsupply chain
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Figure 3-3: Detalil of a grid serviceproduction chain

primary factors with no semanticvalue CPU time, memory storageand net-

work connectiono ered directly (e.g. through a scheduler);
primary factors having semanticvalue data;

existing grid resouces. sud as job submission,information systemsand le
managemen services. These are, in reality, produced commalities but are
modelled as factors becausetheir internal production chain is not explicitly
consideredeven though the price at which they are sold may re ect the depen-

dencieson primary factors.
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Primary Factors

Figure 3-4: Example of the production paradigm

The distinction betweendata and primary factors, although not directly usedin
this rst approad to the problem, may turn out to be quite important asthe real
economicvalue of a data set can be represeted by its meaningor sematic.

At ead step of the production chain servicesare combined into higher level ones
by one or more actors. Let us call theseactors Grid Production Agents or, as an
abbreviation, Production Agents re ecting scciety's conceptionof an agen, viz afree
agern (theseagers are de ned without implying any senseof Agert Tednology [25]
as understood in Computer Science). In this way we can represeh grid services
ranging from simple to complex. For example, a job spavning multiple grids and
necessitatingdi erent grid servicescan be decompsedand descriked into lower level
factors, that canbefurther decompseduntil a serviceprovider capableof performing

them is found.
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Figure 3-5: Example of the production paradigm

Considerfor examplea job encompassingli erent middlewaresfor executionand
storage (Fig. 3-4). The nal serviceconsistsof a job that needsdi erent services
orchestratedin a work ow. As a rst step we can seethat the only serviceneeded
to executethe job J is a work ow engineW able to understand the languagein
which the work ow is descriked. The work ow engine,in turn, will needto execute
jobs and save and retrieve data using the executionservicesEl and E2 and the data
storageserviceS1 When unfolding the production chain of the job in an abstract
fashionthere is thus far no considerationof which real servicesin the grid would be
capableof ful lling the requiremens or whether they are available on the market.

The next step consistsof nding real and available Grid servicescapable of ex-
ecuting the neededservices. In the example, the work ow can be executedby a
WebCommiddleware [60], the job executionsare compatible with the gLite [27] and
GT4 [96] middlewares while the storage needscan be ful lled both by the gLite
and GT4 middlewares. Evertually, all thesereal Grid serviceswill consumeprimary
factors sut as CPU time, storagespaceand bandwidth.

This paradigm considersthe composition of the various grid servicesas a supply
chain. Not all scenarioscan be dealt with in sud a reductionist fashion. It does
not deal with problemssud as ownership of the servicesor their compatibility with
ead other; thereforeit can only be usefuland implemertable in the real grid world
if the job's owner can accessll the neededservicesand if all the neededservicescan
interoperate with ead other. As this is very often not the case,the paradigm needs

to be further expanded.
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3.2.2 Ownership and Control

To descrike the conceptsof ownershipand cortrol let us add a new layer: the sccial
layer. Now the paradigmis composedof two interacting layers,onewhereproduction
takesplace and another that hostsagerns owning and/or cortrolling the production
ertities. Eacd layer can be complex or even hierarchical, but the production layer
doesnot have sccial properties, whereasthe sccial layer does. Henceforthlet us call
the agernts that residein the social layer Sacial Grid Agentsor, for the sake of brevity,
Scial Agents (This is shawvn in Fig. 3-5).

Agerts in the sacial layer can own or cortrol or usenone,one or more production
ageris. A sccial agent should also be able to exdiange and trade the use of, or
the servicesproduced by, the production agerts it cortrols. This allows our scocio-
economicparadigmto exhibit behaviour sud asthe purchaseof servies the rent of
production agentsand the exchangeof ownership of one or more related production
ageris. Let usproposethat theserelations betweensacial and production agens can

be of ownership control or usage

Ownership whensccial agerts own production agerts they have completecon-
trol over them; they can sell, rent or donate them; they can set accessights
for cortrollers and usersand they can set policiesto regulate the production

process.

Control: whensccial agerts cortrol production agens, they have partial cortrol
over them (that may have beendelegatedby an owner); they can set access

rights for usersand set (possibly a sub-set)of production policies.
Usage when sccial agents use production ageris they can accessonly the
servicesthat they were granted by a cortroller or an owner.

Multi-mo dal relations

To better understand, designand implemern transactionssud asrent, purchaseand
donationsit is usefulto proposedi erent modalities in which the above menrtioned

relations can relate both to time and the spaceof the resources.
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Relations might have di erent time modalities sud as:

Absolute Either true or false especially as a logical attribute of ownership

relationships.

Token-lasal: to allow the submissionof a certain number of requeststo a pro-
duction agen, especially for simple servicerental scenariosvherea sccial agert
buys (or receies) a given amourt of serviceexecutionrights on a production

agern that it doesnot cortrol or own.

Deadline-baseal: to allow the cortrol of a production agen for a given amourt
of time, especially for more complex service rental scenarioswhere a sccial
agen acquirestemporary cortrol of other production ertities to engagen the

executionof a complexservice.

Time slot-lasal: to allow the use of the servicesof another agert until the
allowed amourt of time has beenused, esgecially for reservingprocessingand

storageservices.

Combinal: to allow modalities to be combined together: e.g. token-basedand
deadline-basednodality might be combined to obtain a modality wheretokens
have expiry dateswhile time slot-basedand deadline-basedmodalities might
be combined to obtain a "p erishable"resenation on computational and storage

services.

Relations might also be allowed with regard of the cortrolled resources. These
conceptsrelate to the allocation modalities examinedfurther in section3.2.6. They

can be roughly divided into:

Complete give ownershipand cortrol over all resource<ortrolled by the agen

over the speci ed period of time.
Partial : give ownership and cortrol over a part of all the resources.

It is clearthat someform of constrairt hasto be provided over the modalities with

which ead of the actors setsthe rights of the others. If no sud cortrol is provided
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there may be casesin which agens gain cortrol of other ageris in an unforeseen
way. As an example,let us supposethat an owner O grants cortrol to an agen C
to one of his production agens P, with a deadline modality that expiresat a date
T. As the cortroller can set any kind of accesgights for the userit is possiblefor
the cortroller to set absoluterights to a userU. Theserights, being absolute, will
outlive the rangeof time in which C is allowed to cortrol P. To avoid sud problems

onemight constrain the setting of the accesgights as follows.

For owners: ownersmight be allowed to setany kind of accesgights and they

might be enforceddirectly.

For cortrollers: the accesgights that cortrollers enforcemight depend on the

accesgights they have, for example:

{ Absolute modality: enforceddirectly.

{ Deadline modality: If the cortroller has Deadline modality accessights,
its commandschangein the following way.
Absolute modality ! Deadline modality.

Deadline modality ! Deadline modality with an expiry date that is

the minimum betweenthe cortroller's and the target's settings.
TimeSlot modality ! TimeSlot and Deadline modality.
Token modality ! Deadline and Token modality.
{ Tokenmodality: token modality is a way for cortrollers to grant execution
rights to users,and thus is usually granted to usersand not cortrollers.

Shouldthe caseariseof tokensbeinggranted to cortrollers they aretreated

asif they are users.

For users:usersmight not be able to setany accesgights.

The above simple modalities are powerful enoughto descrike someinteresting

basictopologiesof ownership and cortrol.
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3.2.3 Social Topologies

In Production Topologies Sccial Agerts cortrol Production Agerts. A similar process
is possibleamong Sccial Agerts, thereby forming Sacial Topologies seeFigure 3-10.
Both topologiesare explored further in Chapter 3.3. Although more complex, the
possiblecortrol topologiesamongstthe scocial agens are similar in nature to those
between sccial and production agents. Owners can set policies and accessrights
for cortrollers, cortrollers can set policiesfor clients. Sud policies can encompass,
among other information, the nature of the sacial behaviour of the agens sud as
the type of purchaseto which an agen is ertitled, e.g. purchasefor free, special
prices, full price or the maximum credit/debt it is ertitled to. Theseforms of sccial
cortrol, along with the concept of exdhange modalities explained in the following

section(3.2.4) descrile the scocial behaviour of the agents.

3.2.4 Exchange

At eadt production stepsan actor (either human or program) asserblesfactors and,
possibly intermediate commalities to createa producedcommality. If at any given
time an actor has not enoughfactors to produce the commaities he or shewarts,
he may engagein sccial or economictransactions so asto obtain the commaities
he needs.To model this behaviour conceptsand terminology may be borrowed from
microeconomicgo de ne Endowmentsasthe set of commalities owned by the actor,
Needs as the set of commalities neededby the actor, Suppliesas the set of com-
modities that the actor hasin abundanceand can be traded or donated, Demandsas
the set of commadities that the actor cannot cover with its endavmert and Satis ed
Neads as the set of commalities that the actor can cover with its endovmert. An
actor owns an Endovmert setof commalities and facesa Needsset of commalities.
(Demandsand Suppliesare obtained from Endowmernt and Needsas illustrated in
Fig. 3-6).

In this case,the Endowvmernt and the Needssets partially overlap. Where they
overlap, that part of the Needshasbeensatis ed by the Endowmert. The actor will

be able to trade or donate the remaining part of its Endowmernt, and will alsoneed
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Satisfied
Needs

Figure 3-6: Demandsand Supplies.

to trade for the unsatis ed part of the set of its Needs:

Supplies = Endowment\ Needs (3.1)
Demands= Needs\ Endowvmert (3.2)
Satisf iedNeeds= Endowment\ N eeds (3.3)

Besidesthis generalcasethere are somepatrticular con gurations worthy of inter-

est:

Disjoint sets: In this con guration, illustrated in Fig. 3-7 the Needsand En-

dowmert setsare completely disjoint:

Endowment\ Needs= fg (3.4)
Supplies = Endowment (3.5)
Demands= Needs (3.6)

Satisf iedN eeds= fg (3.7)

Abundance: In this con guration, illustrated in Fig. 3-8 the Needsare com-

pletely satis ed by the Endowmert:

Needs Endowment (3.8)
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A

Figure 3-7: Demandsand Suppliesare disjoint sets

A

Satisfied
Needs

Figure 3-8: Abundance,Needsare completely covered

Supplies = Endowment\ Needs (3.9)
Demands= fg (3.10)
Satisf iedNeeds= Needs (3.12)

Scarcity : In this con guration, illustrated in Fig. 3-9 the Needscannot be

satis ed by the Endowmert:

Endowment Needs (3.12)

Supplies = fg (3.13)

Demands= Needs\ Endovmert (3.14)
Satisf iedN eeds= Endowment (3.15)

If an actor ownsan Endowmert setof resourcesind facesa Needsset of resources,

the result is two disjoint sets: Demandsand Supplies,that will be traded, donatedor
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Satisfied
Needs

Demands

Figure 3-9: Scarcity, Needscannot be covered

acquiredin the sccietiesthat the actor is joining. In order to do this, actors engage
in relations, both competitive and empathic, to ful Il their Needssets. Thesetypes

of relations could be:

Co-operative relations: sud relations involve accesso resourceswithout the
needof a balancing transaction represeting a paymert. Theserelations can
be of the following nature:

{ donations

{ lending and borrowing,

{ Keynesianinvestments

{ common gaods
Self-inerested non-monetary economicrelations sud as bartering.

Monetary economicrelationsthat involve paymerts and monetary transactions.

lWe term Keynesian investment, in honour of the economistJohn Maynard Keynes, a relation-
ship where an Institution investsin Grid resourcesbinding their use, partially or fully, to a certain

useror usage
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Figure 3-10: Agert's topologies

3.2.5 Value and Price

As yet there hasbeenno de nition of what kind of information the agens exctange
with ead other or on the basisof their behaviour. Two basic conceptsin the sacial
and economicparadigm are value and price. These conceptscan be very loosely
borrowed from economicsand usedin a similar fashion but without the strictness
and formality of economics.

Price is amathematical entit y expressedn a unit (a currencythat hasto berecog-
nized by all parties involved) on which two parties agreeon an economictransaction.
It is easyto de ne the conceptof price for digital goods. One hour of computation at
a given time on that CPU at certain conditions will have a certain cost. One morth
of 1 megalyte of spaceaccessibleat given conditions will have another cost. As a
matter of fact, digital servicessud as computation and storageare already sold in
real markets againstreal currencies.

Unfortunately, it is dicult to de ne strategiessolely basedon price when not
ertirely economidbehaviours arise. In grid computingthere are sacial behaviours that
cannot be easily descrited within an economics-basegaradigm. Cooperation may
require decisionsentailing nancial lossesto maintain sccial relations. It is di cult

to give a monetary price to a sccial relation. O ering a pint to a friend in a pub is an
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action with a very clear nancial outcome (loosingthe price of a pint) but involves
reasoningthat is not easyto model in mere monetary terms. Giving a Euro away in
charity, again,hasa nancial outcome(the amourt of moneygiven away) that canbe
clearly measuredin a currencybut a bene t (the moral well-being, or the temporary
easingof the senseof guilt, depending on how inclined you are to cynicism) that
can hardly be measuredin nancial terms. As informal cooperation and \c harity"
medanisms are presen in Grid computing it is necessaryto nd another, more
private, metric to descrike how an individual agen perceivesthe \w orthiness" of a
resource,a serviceor an action. Let us call this valug an ertity to be usedboth to
de ne pricesand to help the decision-makingprocess.

Oneusefulsimpli cation isto say that the production layer is only aware of value.
The value of servicesand resourcesould be either inferred or directly setby the sccial
layer. In the paradigm a production agen could be constrainedto make decisions
only onvalue. It would be possible,asan example,for a production agert to perform
a serviceup to a certain value or to report to its ownersor cortrollers the value of
a performed service. The value of a servicecould be de ned or it could be inferred
from metrics through a de ned function.

On the other hand, the sacial layer might not only de ne the value of the services
it cortrols but might alsoinfer a price from it. A sccial agent may map valuesinto
priceswithout consideringthe buyer's identit y asdonein super-markets or instead it
might de ne a price dependingon the value and the identit y like a sellerwho decides
to o er adiscourt to a good costumeror, nally, it might decideto donate services
up to a given value becausethe sccial relation is deemedworthy of sud nancial
sacri ce.

Fig. 3-11lillustrates this conceptin more detail. Here the production ageris P1,
P2 and P3 de ne avaluefor their servicesbasedon metrics or on the cortrol decisions
made by their controllers S1and S2. On the sccial layer, S1and S2 engagen sccial
exdanges. The sccial decisionsmade by S1and S2 are made on the basisof both
value and price. The economictransactions betweenS1 and S2 are de ned only in

pricesasthe unit must be recognizedby both parties. Valueis a private ertity, price
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‘ PRI = Price(V1) ‘ PR2 = Price(V2, V3) ‘

Value and Price

A
0
N

4
0
w

Value

P1

‘ V1 = Value (P1) ‘ ‘ V2 = Value (P2) | ‘ V3 = Value (P3) ‘

Figure 3-11: Value and price

on the contrary is shared.

3.2.6 Policies and Mo dalities

Sofar, the sccio-economigaradigmis capableof describingproduction systemscom-
posedof various agens. This systemis exible becausethe production processcan
be re-arrangedand it should be able to cope with disjoint administrative domainsas
the production agerts can be owned and cortrolled by di erent agers. Finally, it
shouldbe ableto cope with the social complexity of the grid asit allowsfor a reason-
able variety of topologies. The paradigm descritesa two-layered environmert where
agers act and de ne topologiesof di erent kinds: production, cortrol/o wnership,
sacial and value/price, as described in Fig. 3-12. The information must also be able
to expressboth the functionalities required and the policies with which the func-
tionalities must be performed. Functionalities and policiesare closelyintertwined as
policies can constrain functionalities and di erent policies can be applied to di er-
ent functionalities. Thus far there has beenno considerationof the nature of these
information ows.

Agents exdange information in the form of messages.The way in which the
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messagings conducteddoesnot needto be consideredyet. The important point is
that these messageshould be able to expressconceptssud as: \Execute this task
with thesemaodalities” or \Is it possibleto exeute this job with thesemaodalities in
that environment ?" or \What would be the cost of exeuting this task with these
modalities ?". An analysisof thesemessagegnablesoneto seethat the information

of a messagemust at least cortain:

A subject that often is the senderof the message.

An action describingwhat must be done. An action might be an execution,a
requestfor information, the de nition of behavioural patterns of the agert or

the cancellation of someaction.

An object: describingthe object of the action. An object could be an action

itself in the caseof complexactions.
A set of modalities: describinghow the action hasto be carried out.

Optionally The identity of the bene ciary (i.e. the ultimate requester) de-
scribesthe identity of the agen that initially requestedthe action.

The ageris that processthese messagesnust take decisionsbasedon their rela-
tionship with the subject of the messageA requestof the type \Execute job j with
modalities m" should be acceptedor rejected on the basis of the compatibility of
the actions and their modalities with the status of the agens and espgecially how it

wishesto handle sud requests,i.e. its policies.

Generic Policies and Mo dalities

The \common wisdom" of a scciety often is embeddedwith a genericset of beliefs
that govern policy, and an analogousprovision would bene t the proposedparadigm.
Hence generic policies and modalities could de ne behavioral parametersthat are
commonboth to the production andto the sccial layer and are de ned by the relation
that links two agents. An exampleis illustrated in Figure 3-13. Every agen supports

a set of policies, the set SP which encompasseall the possiblepoliciesthat can be
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Relation (R) Supported Policies (SP)

Granted Policies (GP)
Production Modalities (M)

Enforced Policies (EP)

Figure 3-13: Policiesand modalities

enforcedduring the executionof a certain action. The nature of the relation between
the agernts de nes a subsetGP of policiesthat canbe granted. Finally, the modalities
with which the action is to be executedde ne a nal subsetEP of policiesthat will

be enforced. If the subsetof enforcedpoliciesis empty the action cannot and will

not be executedby the agert.

The policiescould consistof:
Authentication policies: that de ne how authertication is to be executed.

Authorization policies: that de ne if and how the actionsspeci ed in a message
are to be executed. It would not be unusual for authorization policiesto be

de ned in terms of other policies.

Pro duction Policies and Mo dalities

For the individual production agen, production policiesand modalities could de ne

di erent aspectsof how a serviceis to be executed. They might cover:

Allocation policies that descrike allocation parametersthat de ne the execution

of a certain task.
Execution policies that descrile speci ¢ executionparameterssud astimeouts.

Value policies that descrike what is the value of the serviceso ered by the

production agens.
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Accounting policies that descrike if and how an action is to be accoured for.

Social Policies and Mo dalities

Similarly, for the individual sccial agen, sccial policies could de ne parametersof

the sacial behaviour of the agers. They might cover.

Pricing policies that descrike how resourcesand servicesare priced with regard

of the relationshipswith the other social agerts.
Seletion policies that descrilke how resourcesand servicesmust be selected.

Billing policies that descrilke how credit transactionsare to be performedand
if they must be performed through a bank or a simple transfer of credit is

su cient.

3.2.7 Further Social Dimensions

In paragraph 1.2 we have stressedour belief of a closeintegration of the conceptof
economiesand sccieties. We have descriked how sccial interactions can encompass
many di erent economicmodels and how economicmodels can be in uenced by
sccial relations. We now proposeto descrite this asthe di erent Sccial Dimensions
of a relation; this conceptis tightly bound to those of Optimization, Diversity and
Interactions. In fact, a Sccial Dimension is the equivalert of nding in the sacial layer
a set of Sccial Servies capableof ful lling needsthat an agernt cannot meet alone.
Evenif in real life the complexity of the analogousconceptsis far beyond the read of
this investigation, we can newerthelesstry to isolate someof thesedimensionswithin
the paradigm proposedby this thesis. Let us consideran actor that has complete
knowledge,perfectmemory, perfect"honesty" and full mutual trust with other actors
with the samecharacteristics. Then this actor will not needany market asit will
know with absolute precisionwhereand how to nd all the neededservices. It will
not needany legal systemor law for the protection of the consumerasit will be able
to rely on the perfect honesy of all its sacial parties. Finally it will not needany

bank as all transactions may be basedon complete trust; having perfect memory,
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eat ager will remenber how many credits it will own and will simply subtract or
add it at ewvery transaction?.

Sadly, this is unlikely to be practical. Agent behaviours will be de ned by their
human programmers. Among humansmischievous behaviour is socommonthat even
the tiniest of sccieties do not last long without rules and laws to cortrol "wrong"
behaviours (as an example,spamand hading). Knowledgeis limited at best, trust
is a wonderfully rare (and lavishly squandered)sccial commadity and even the most
gifted in memory will fail to keeptrack of all the economictransactionsthat happen
evenin a singleday.

Facedwith its own shortcomingsan agert must seekin its social layer whatewver it
lacks. We try hereto de ne three social dimensionsthat compensatefor incomplete
memory, incomplete knowledgeand incomplete trust.

A Banking Dimension is a sccial dimensionwhere actors delegatea secondparty
(a Bank) to keeptrack of their endavmert and economictransactions. This dimen-
sion is also where, in future, more sophisticated scenarios,the computation of the
overll amount of weaalth and thereforethe overall amount of credits of a saciety will
be computed either through the connectionto the real econony or through a mint
authority that issuescredits depending on the amourt of resourcesavailable.

An Indexing Dimension is a sacial dimensionwhereactorsrely to a secondparty
(an Index, or a Market) to discover previously unknown parts of the scciety, the
actors therein and the servicesthey o er.

A Trusting Dimension is a sccial dimension where actors rely to other parties
to determine how much and if at all a third party hasto be trusted. Trust can be
basedon a combination of three di erent factors: experience,authority or shared
knowledge. The rst is basedon the recognition of behavioural patterns through
time, the secondis basedon the authority of a party and the third is basedon the
opinion of other other parties, whomwe trust. Currently only the approad basedon
the authority hasbeenexploredto de ne trust-basedtopologies(for the de nition of

prices)in this thesis.

2Wedo not considerherethe servicesthat a bank o ers regarding security, investmert or interests
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3.2.8 Limitations

The paradigm descriked in this chapter should be exible and powerful enoughto
allow the Sacial Grid Agerts to mimic in the Grid world somebehaviours that con-
stitute the bare basis of sccial and economicinteractions. Agents can arrange in
arbitrarily complex structures to engagein the production of services. These pro-
duction structures are de ned depending on the sccial interactions amongthe sccial
agents. This will allow for the de nition of allocation philosophiesof di erent na-
ture. This paradigm allows the implemenation of testbeds for the evaluation of
di erent allocation strategies. The paradigm also o ers an initial support for the
implemenation of the conceptof value and price and their usefor decisionmaking.
This paradigm allows the description and implemertation of a broad range of sim-
ple sccial and economicmodelsand it also allows their coexistencefor experimertal
purposes.

Although the paradigm is exible enoughto descrite a large variety of social
and economicbehaviours, the current architecture and implemertation of the agens
(detailed in Chapters 3.6 and 4) is not rich enoughto allow the description of very
complex sccial and economicsystems. In particular, behaviours that needcomplex
self-avare actions sud as stock and futures markets cannot be modelled with the
current architecture and implemertation. The exibilit y of the paradigm, on the
other hand, should allow encapsulationof sud advanced behaviours in new but
badkwardly compatible ageris that can be interfaced with the current onesin a

relatively seamlesgashion. We will return to this subject in Chapter 10.

3.3 Topologies

In Section 2.4 we have descriked the Sacial Grid Agents paradigm intended as the
basis of exible allocation systemsin Grid Computing. These ageris can be seen
as having four types of topologies: production, control/ownership, sccial and val-

ue/price. The following sectionis dewted to the description of thesetopologies
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3.3.1 Production Topologies
Simple Pro ducer

The simplestof thesetopologiesis the Simple Producer shown in Figure 3-14,where
a client cortacts a Sccial Agent and negotiatesthe acquisition of a grid service.
When the sccial or economictransaction is acceptedby the two parties the Sccial
Agen givesinstructions to the Production Agert it cortrols to executethe required
service. Then the serviceis performed and the results are sert badk to the cliert.
Even sudh a simple example can be implemerted in many di erent ways. From a
sacial and economicperspective there may be or not a payment required for the
service, depending on the relationship betweenthe agens. There can be di erent
paymert policiessud as pay beforehand,pay after the serviceis executed,pay only
if the serviceis successfullyexecuted,etc. All thesedierent ways are de ned by
the policiesthat control the agers behavior and by the modalities that de ne how

servicesare to be executed.

Legend
®< <<- — = Social Information Flow

e————» Control Information Flow

P1

Figure 3-14: Simple Producer.

Service Rental

A slightly more complexcortrol topologyis the Serviee Rental asshown in Figure 3-
15. Heretwo Sccial Agens exdiangethe servicesof oneor more Production Agerts.
After the sccial or economicagreemeh the grantor Sccial Agert S1 instructs the
Production Agent P1 to acceptrequestsfrom the grantee agent S2 with a certain
modality (e.g. token modality, time slot modality, deadline modality or combined

modalities). The grantee is now capableof directly usingthe Production Agert.
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< - Legend

<<— — = Social Information Flow

P1 e ———» Control Information Flow

Figure 3-15: ServiceRenal.

The Company

We call a Company the cortrol topology wherea Sccial Agent cortrols one or more
Production Agents. The cortrol exertedby the Sccial Agen letsit de ne the topology
of the production ow, asillustrated in Figure 3-16. As the ownershipand the cortrol
of the Production Agerts can be absolute (if descriked by the absolute modality) or
relative to tokensor time (if descriked by other modalities), a compary can avail
itself of the servicesof Production Agerts it doesnot cortrol directly, provided that
it caneither obtain partial cortrol of them or be ableto purchasetheir servicesfrom

their Sccial Agens. This secondscenario,which we term outsourcing is descriked in

Figure 3-17.

Legend
Pl
<<— — = Social Information Flow
e————» Control Information Flow P3

-«+——» Production Information Flow P2

Figure 3-16: A simple compaty.

The Mark et

When the Production Agerts are cortrolled by di erent Sccial Agerts, their services
and/or partial cortrol can be excdhangedin a market. In this case,already partially

illustrated in Figure 3-17,a Sccial Agert engagesn exchangewith other Sacial Agerts
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Legend

<<— — = Social Information Flow

e————» Control Information Flow

-«——p Production Information Flow

Figure 3-17: A compary with outsourcedservices.

to createthe production topology it needsfor the servicest wishesto produce. This

control topology is illustrated in Fig. 3-18.

—

GO "D GO GO

<<—- — = Social Information Flow

e » Control Information Flow P3

P2

-«—p» Production Information Flow

Figure 3-18: A Market.

Complex pro duction top ologies

Finally, the two cortrol capabilities, absoluteand relative, describedin sections3.3.1,
3.3.1,3.3.1and 3.3.1can be combined in topologiesof a higher complexity. In Fig 3-
19 a client S1 asksfor a complex service,the execution of which requiresdi erent
grid resources(P1, P2, P3 and P4). Theseresourcescan represet di erent job
submissionsystemsand a work- ow engineor, in other cases,storage devicesand
computational power. The Sccial Agent interacting with the client directly cortrols

only grid resourceP1 through oneof its Production Agerts. When the Sccial Agent
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receiesthe requestfrom the client it cheds if the other Sccial Agerts, with which
it hasa relation, are able to ful ll the neededservices. If so, a sacial arrangemen
is madeto allow the Sacial Agent to gain cortrol of the Production Agerts for the
necessaryime. The Sccial Agert then instructs its Production Agernt about the other
di erent Production Agerts it canusefor the completionof the complexservice. The
serviceis then executedand the result is sert bad to the cliert.

Market

Market ) Company

Pl

<<— — = Social Information Flow \ Y \
P2 P3 - P4

A

e————» Control Information Flow

-«——» Production Information Flow

Figure 3-19: A complexproduction topology.

3.3.2 Social Topologies

In production topologiesSccial Agents cortrol Production Agerts. A similar process
happens between Sacial Agerts. We term these Sacial Topologies Whereasin the
production topologiesabove the issueof pricing doesnot arise,in social topologiesit

does.

Simple Relationship

In this sccial topology (alsotermed as Simple Purchasg, seeFigure 3-20,an owner or
cortroller setsthe pricing policiesof a Sccial Agert. The Sacial Agert then responds
to the requestsof its clients accordingly

This topology can be extendedalong the three additional dimensionsdescriked
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Owner or
Controller
Legend
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Figure 3-20: Simple Relationships.

in 3.2.7. Paymens betweenthe two sacial agens can be performedthrough a bank,
the requestermay nd the provider through an indexing agert and, nally, trust
betweenthe two can be achieved through the delegationof the price's de nition to a

third party, the arbitrator that is trusted by both asdetailedin 3.3.4.

Trib e

In a tribe, shavn in Figure 3-21, the Sccial Agerts acceptthe pricing and access
policies of the trib e (usually free or discourted prices for all the members of the
trib €). Then all Sccial Agerts canusepart of the resourcef the trib eto ful Il their
needs.| call this topology a Tribe asits allocation medanismis similar to that of a
Tribe whereall active menmbersto the scciety sharepart of their resourceswith the

other menbersin complianceof the rules dictated by an authority.

Legend

<<— — = Social Information Flow

e———» Control Information Flow

-«—»  Production Information Flow

Figure 3-21: Tribe.
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Pub

In a pub sccial topology, seeFigure 3-22,two or more Sccial Agerts agreeto share
part of their resources.This topology is similar to the trib e but it is not certralized
asthe ageris can de ne private sharing modalities that do not needto be approved
or de ned by the other menbers. | call this topology a Pub Topology asits allocation
medanism is similar to that of the behaviour of friends that go regularly to a Pub.
If one of the friends lacks the money the others will gladly pay for his consumption
under the assumptionthat the samewould be done for them. If one of the parties
consistetly fails to help the othersfor a certain period it is usually not granted help

any more.

Legend
TN

<<— — > Social Information Flow
e———» Control Information Flow

-«+—p Production Information Flow

Figure 3-22: A pub model.

Keynesian Scenario

In a Keynesianscenario,sud asthat in Figure 3-23,the Sacial Agernts acceptpricing
and accesgoliciesfrom an authority; thesepricing and accesgoliciesusually refer
to a subsetof all the clients of the Sacial Agens. | call this topology a Keynesian
scenarioin aloosefashionwithout implying any direct link with the work or theory of
John Maynard Keynesto describe a scenariowhereoneof the actors (The Keynesian

Authorit y)

3.3.3 Control and Ownership Topologies

Figures 3-24 and 3-25descrile two of the most commonexamplesof ownership and
cortrol topologies.In Figure 3-24sccial agert S; owns production agen Ps; following

a scacial transaction with sacial agent S;, certain usagerights are transferredto sccial
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Figure 3-23: KeynesianScenario.

agernt S; that is now capable of using P3. Figure 3-25 descrikes a slightly more
complexexamplewhereagen S; grants cortrol rights on Pz to S,. Now S, cangrant
usagerights to S;.

In the exampleof Figure 3-24,the owner S; will be able to setany modality to
the usagerelation granted to S; while in the example of Figure 3-25the owner S;
will be able to set any modality to the cortrol relation granted to S,. S, will, in
turn, be ableto grant usagemodalities to S; that are compatible to its own cortrol

modalities.

3.3.4 Value and Price Topologies

The information o ws required for price and value determination follow their own
topology. Figure 3-26 illustrates where the conceptsof value and price are used:
price is usedin the sccial layer, value is usedboth in the sccial and production layer
while metrics encompassall layers. The value and price topologiesde ne which agert
determinesthose gures (and how). Figure 3-26 also descrikesthe simplest of those
topologieswhere all valuesand prices are determined by agens that belongto the
sameownership and cortrol topology.

This simple, \vertic al topology" canbe further divided into top-downand bottom-
up depending on the main direction of the o w of information. Figure 3-27 descrikes
thesetwo di erent approadies. In the top-down approad descriked in the left part
of the gure, the Sccial Grid Agent determinesarbitrarily the value of the production

resourcedt cortrols and their price. This can be formalized as:
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Figure 3-24: Example of cortrol topology: simple use.

Social
Layer

R 9%

., n."\gjontrol 1
T - Ownership

Layer

Production

Figure 3-25: Example of cortrol topology: rent and simple use.

64



Value

Metrics

Figure 3-26: Metrics, Value and Price in the di erent layers.

value = v (3.16)
price = pg (3.17)

wherevy and py are xed parametersdeterminedby the Sacial Grid Agent.
The bottom-up approad is morecomplexand exible. In it the Scacial Grid Agernt
determinesthe function to computethe price from the value and the metrics and the
function to computethe value from the metrics in a top-down fashionbut there then

occursan opposite bottom-up o w of information that providesthe parametersof the

functions. This is descrited in the right part of the gure and can be formalized as:

value = v; (fmg) (3.18)
price = pr (v (fmg); f mg) (3.19)

wherefmg is a set of metrics originated by the existing Grid resourceand func-

tions pr and v; are determinedby the Sacial Agent.
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Figure 3-27: Di erent approadesto the computation of value and price.

A more exible way to computethe value of a serviceis to de ne it asa function

of two di erent setsof metrics:

ServiceMetrics - Thesemetrics provide information on the abstract service.

ResourceMetrics - These metrics provide information on the resourcesthat

have beenusedby a speci ¢ executionof a service.

Chapter 4 discusseshow metrics can be conbined to determine the value of a
gLite job submissionsystem.

In the simplest case,when trusted direct messagingexists between ageris and
resourcesthe functions are determineddirectly by the cortrolling agerts, but more
complex topologiesarise when there is no trusted direct messagingoetween agens

and resourcessee3.3.5below.

3.3.5 Further Social Dimensions

In section3.2.7we intro ducedthe Sccial Dimensions of Banking, Indexing and Trust-
ing. The following sectionsdescribe possible expansionsin dimensionality to the

topologieswe have already introducedin this chapter.
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Banking Dimensions

An excangetopology can be extendedalong the banking dimension if the involved
parties delegateto a Bank agentthe managemen of the nancial part of their trans-

action. This extensionis represeted in Figure 3-28.

/ /\ \
/

A\
Manage Account / \ Request Transaction
/ \
Exchange
Requester < — — — — = Provider
PGA

Figure 3-28: A banking extensionof an exdiange.

A bank extends a transaction between two agers by o ering two main set of

simple operations:

Account managementthat allows agens to createaccouns, and to de ne sets

of ageris that have the right to lodge and/or retrieve credits.

Transactionmanagementthat allows ageris (if they have the proper rights) to

lodge and/or retrieve credits from an accoun.

This is a brutal simpli cation but it allows for the extensionof exdhangethrough

simple steps:

The Requestersetsup an accourt and allows the provider to retrieve a certain

sum of credits.

The Provider retrievesthe credits through a transaction.
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Indexing Dimensions

A sccial topology can be extendedalong the indexing dimension if a party usesan
indexing agentto discover which provider is capableof o ering the neededservices.

This extensionis represeted in Figure 3-29.

//\\
/

A\
Query / \ Publish
! |
PGA

Figure 3-29: An indexing extensionof an excdange.

An index can extend a relation betweentwo agens by o ering two main set of

simple operations:

Publish in which the Provider publishes part or all of its description (how
providers descrike themsehesand their servicesis detailed in Section3.7.1) in

an index.

Query that allows a Requesterto nd a suitable Provider.

Trusting Dimensions

A sccial topology can also be extendedalong the trusting dimension to supply trust
whereit is lacking. For example,in the speci ¢ caseof value and price let us consider
agens betweenwhich there is no direct trust link, then problemssud as the per-

ception of the \fair price" of a serviceor the needof arbitration in caseof disputes
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arise. Clients may not be willing to pay for the executionof failed jobs while service
providers may require that the resourceseing usedare to be paid for in any case.
If athird party calledthe arbitrator, shovn in Figure 3-30is trusted by both the
client and the serviceprovider, then it can conduct an independernt analysis(e.qg. it
cande ne value and pricesand enquireinto the status of jobs) to resol\e the dispute.
In this case,we sa that there is an implicit trust link betweenthe clients and the

serviceproviders through the arbitrator.

_®{_ Arbitrator @

S
A

jsniy,

-
Implicit Trust

_<

Figure 3-30: Di erent approadesto the computation of value and price.

3.3.6 Complex Topologies

By introducing the additional sccial dimensionsdetailed in 3.2.7we allow the imple-
mertation of more ComplexPolicies. The rst problem we must try to solwe with
these complex policies concernshow to "close" the loop of a Grid econony shavn
in Figure 3-31. Someexamplesproposedso far are (excluding co-operative relation-
ships), in fact, open economic systemswheretwo di erent o wscrossead other: that
of servicesand that of credits. If in sud an open econony the ageris that provide

servicesalso consumeservicesand thus providers are also consumersthe original
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credits keep circulating in the topology. But if there are pure providers and pure
consumerghe credits will accumulate somewhereand, evertually, the ertire system
will ceaseo function.

Let usconsidertwo possiblesolutionsto this: a SyntheticMacroeconomic Topology
(illustrated in Figure 3-32) and a Connection Topology (illustrated in Figure 3-33)

that connectsthe Grid econony with the real one.

Payment

. Economic
Requester <~ — — — — 3 Provider < . . =
Transaction

Services

\/

Figure 3-31: Open and closedeconomies.

In a syrthetic econony the circulation of credits can be ensuredby three sccial
actors: an index, a mint and a bank All production agers sign to an index and
publish information on the resourceshey control. This information is usedby the
mint agert that issuesand distributes credits in the di erent bank accours. Finally,
theseaccourts may be usedfor the micro-economictransactions.

Another possibility (as yet just a theoretical approad) to redistribute credits
amongthe di erent agers is to link the Grid bank with the real econony, allowing
exchangeof real currency and Grid credits. In this casethe resourceownerswill be
able to exchangethe Grid credits into real currency that will be in turn be granted
to the requestersfor exdhangeinto Grid credits.

Of the two, this thesisfocuseson the rst asthe rami cations, the feasibility and
even desirability of directly® connectinga Grid econony to a real econony (and, if

the scalebecomesigni cant, even the reverse)are yet to be investigated.

3Grid economiesand real economiesare already indir ectly but strongly connectedas hardware,

electricity, wagesand rents have to be paid for in real currencies.
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Figure 3-32: A closed,syrthetic econony.
3.4 A Metagrid Paradigm

Although the concept of interoperability could have di erent interpretation in the
Grid Community, | usethe term interoperability in two di erent sensesThe rst and
morestrict oneis the capability of a systemto interfaceand usedi erent middlewares,
in this sensethe metagrid prototype implemerts this view of interoperability. A
broader acception of interoperability as the possibility of di erent middlewares to
useead other seamlesslys at the basisof the metagrid abstraction but is not fully
implemerted as of now.

This thesis exploresa metagrid abstraction for interoperability, and exploits this
as an exampleernvironmen for SGAs.

If we imagine that the di erent Grids occupy segmets of a space,then the re-
maining spacecan be conceied of as a genericinteroperability space. Since some
work ow enginesare users of Grids, not an intrinsic elemen of any one Grid, it
is useful to conceie of these as distinctly dierent ertities, yielding three distinct

spaces:Grids, work o w enginesand an interoperability space.This chapter proposes
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Figure 3-33: Connectionbetweena synthetic and real econony.

a metagrid paradigm that is an attempt to put the user at the certre of sud an
interoperability space,the metagrid space. This meansthat ead user should have

accesdo all available Grids and work o w engines.

3.4.1 An abstract view

A metagrid may be simply represeted as a Venn diagram as in Figure 3-34. Let
us de ne aregion as a set of resourcesavailable to the user. Let S be the set of all
the possibleresourcesavailable to the userwhereR,, S is the metagrid region.
Ry is the family of work o w regions. R, is the family of ancillary regionscortaining
servicessud asbanking or accouring that, although not necessarilydirectly linked
to a speci ¢ grid middleware, might be neededby the metagrid services.And, nally,
Ry is the family of Grid regions. Of course,unlessso provided, none of theseregions
are capable of interoperation. One insight is that eath Grid or work ow region
may be extendedwith dual-mandateresourceghat interfaceto the metagrid region.

Resourceghat sere one mandate only are within internal regions. Resourceghat
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Figure 3-34: Abstract view of a metagrid.

sene two or more mandatesare within border regions. While they neednot be, it
is helpful to think of theseresourcesas macdines. Thus an internal region might be
a set of madiinesthat host a homogeneouset of either metagrid, work ow or Grid
technologies. Ry, is a pure metagrid region where only metagrid technology exists.
Rw is a pure work ow region (WebCom, for example), Rq is a pure Grid region
(gLite, for example). Border regionsnot only separatetechnology domainsbut also
policy domains;therefore border regionsmust also cope with policy compatibility in
addition to technology compatibility.

Comnunication betweenthe metagrid and a Grid or work o w middleware o ws
through the border regions,wheretwo or more technologiescoexist. Where only two
technologiescoexist theseare calledsimpleborders Wherethree or moretechnologies
coexist theseare called complexborders

The abstraction of border regionsis very useful. For instance,when comnunicat-
ing betweentwo technologies,ead of which hassimple bordersto the metagrid, the
communication is said to traversean extende border, e.g. extendedborder supports
traversal from the work ow region via a simple border to the metagrid region and
thencevia anothersimpleborderto the Grid region. On the other hand, with complex

borders,comnunication betweenany two of the technologieshostedby one complex
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border is said to traversea collapseal border, e.g. collapsedborder supports traversal
directly from the work ow region via a complex border to the metagrid region and
to the Grid region. The advantage of the former is simplicity, while the advantage of
the latter is traversalvia only one complexborder rather than two simple borders.

The metagrid region R, could, in the rst place, o er a friendly and exible
interfacetowards the user,and could allow relatively uniform accesgo di erent Grid
and work o w middlewaresand services.If the userl/O is moved from other spacego
the metagrid space then the Grids could be enabledto focuson their strengthsin pure
computation and storage,and likewisethe work o w enginesto focuson their speci c
strengths. Ead interface to a user could conceiably sene all Grids and work ow
engines.The net e ect would be that for N Grids, any particular 1/O model would
needjust one implemertation within a metagrid, rather than N implemertations,
one per Grid.

A setof viewscanencapsulateghe underlying ideasand assumptionsof a metagrid.
The rst of theseis of the metagrid asa \Grid of Grids and Servies". This view is
implicit to the discussionabove.

A secondview is that of a metagrid supporting di erent computational models.
While it is not possiblefor the metagrid to changethe computational model of Grid
and work ow middleware, it should in principle be able to encompassniddlewares
that support di erent computational modelsand, esgecially, to be ableto expresshe
orchestration and interaction of middlewareswith di erent work o w models. Special
attention would needto be given to those work o w engines(such as WebCom[60])
that are ableto executecomplexwork o wsthat embed multiple computational mod-
els.

A third view is of a metagrid asa bridge betweenthe di erent standardsemployed
by the multiple Grid and work ow middlewares. The choice is a challenging and
interesting dilemma: abstract or translate to translate a standard into another or
to create an abstraction layer able to understand all the other standards. Both
approades have advantagesand disadvantages. A translation approad forcesone

to write a large number of modulesto translate eat standard into another while an
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abstraction layer is often an excessiely complexgenerality. The solution this thesis
proposesis an hybrid: an exchangeapproach, that adopts an o cial standad (that
may already exist); exchangeservies can then translate from the o cial standard
to the dierent supported standards. An optimization is clearly available if the
middlewaresare already interoperable.

The nal view is that of a scalablemetagrid. The exdhangeapproad allows the
number of translators to grow linearly rather than quadratically with the number
of standardssupported, and therehby simpli es the designand implemenation of the
abstraction layer. Similarly, moving the I/O to the metagrid spaceallows the number
of I/O solutionsto grow linearly rather than asa product M N for M 1/O models

and N Grids. Thesetwo attributes guarartee that a metagrid is scalable.

3.4.2 A concrete view

Figure 3-35illustrates a concreteexampleof a metagrid architecture that has been
implemenrted as an experimertal prototype.

The commnunication amongall the metagrid componerts is provided by the Meta-
grid Transport Layer. This componert of the architecture is composedfrom two
sub-layers: the Control Transport Layer, which corveysall lightweightinformation,

and the Data Transport Layer, which conveysall other information. We usethe term
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lightweightto mean all the information that doesnot needa le to be comnuni-
cated; an exampleof lightweight comrunication is the information passedbetween
web servicesin a distributed architecture.

The Metagrid Transport Layer allows the communication between three main
groups of metagrid services. The rst group is the Metagrid Border Servies in-
terfacing all the existing middlewaresthat are to be encompassedy the metagrid
architecture. As in Section 3.4.1, these middlewares are divided into two regions:
work o w middleware regionsR,, sud as WebCom,and Grid middleware regionsRg
sut as gLite and GT4. Ead of theseregionsis extended with a border region
Rmw Or Rpyg that hostsborder servicesthat allow comnunication with the metagrid
transport services.

The secondgroup is the Native Metagrid Serviesthat comprisesthose services
that were deweloped to tackle speci ¢ metagrid issues. Thus far only one of these
serviceshas beenimplemerted: the metagrid Job Exchange(MJX) servicethat en-
ablesany supported middlewareto target job-related actionsto any other middleware

supported by the metagrid ervironmert.

The Transport Layer

The presem Control Transport Layer is basedon Globus GT4. Both extendedand

collapsedborders have beensuccessfullycreated using GT4 technology.

The Job Exchange

The Metagrid Job Exchange (MJX) enablesany supported middleware to target
job-related actions to any other supported middleware. These actions include job
submissionand status requests. The actions are invoked via the appropriate border
region. It is the duty of this serviceto try to submit a job, descrited in the job
description languageof one middleware, to any other middleware. This is likely to
involve a translation from one languageand format to another. As an example,the
MJX may be requestedto submit a job described in gLite's JDL [68] to a GT4 Grid

that requiresa description in RSL [97]. As not all job description languageshave
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the samefunctionalities sometranslations are impossibleif all the information must
be presened. But a translation is possibleprovided that it is acceptablethat some
information is lost during the translation process. As an example, considera job
expressedn the JDL languagethat explicitly de nes computational requiremens
and ranking criteria for nding an optimal resource. If it is acceptablethat this
ranking information is lost, this job description can be successfullytranslated into a
lessexpressie job description languageand the job executedin a grid middleware

di erent from the oneit was designedfor.

3.5 Social Grid Agents and Metagrids

Sacial Grid Agerts and metagrids are mutually bene cial paradigms: in a metagrid
SGAs can, amongstother things, perform two major roles: border agents or native
metagrid agents

In bordersthe SGA capability of expressingand enforcingdi erent policieshelps
to allow the co-existenceof di erent middlewares. SGAs prove their usefulnessin
two main respects: they can act as standards bridges and they can act as policy
enforcemen points for thoseresponsiblefor the existing middlewares. Border agens
can translate di erent standards. While thesetranslation capabilities of the agens
are mostly useful at a production level, the sccial level of the agerts is useful in
describingthe ownershipand cortrol topologiesof the di erent middlewaresallowing
thoseresponsibleto de ne suitable policiesto re ect the agreedco-operation levels.
As an example,a middleware requiring completetraceability of the issuerof the job
will instruct its border agens with appropriate authorization and delegationpolicies
whilst middlewares with a di erent security policy might allow border agens to
submit jobs without bothering to fully trace badk the delegationchain. In this case,
a cortrol topology of a production border agert can be usedto trace areasin the
metagrid spacewheredi erent security policiesco-exist.

On the other hand, inside the metagrid space,Sccial Grid Agens can be used
to enforcethe policies required by the border ageris and to cortrol ancillary ser-

vicessud asindexes,markets and exdianges. The metagrid spacepreseits obvious
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opportunities for exploring the subject of this thesis.

The useof a metagrid paradigmasa candidateervironmert for Sccial Grid Agens
o ers mutual benets: as a way to tackle the problems of interoperability (that,
althoughit is not the focusof this thesis,is a closelyrelated issue)and asa meaningful
and natural ervironment for testing the behaviour of Sacial Grid Agerts.

The genericnature of SGAs nds anatural complemen in a metagrid environment
whereits native language(seeSection3.7.1) can be translated into di erent dialects
of grid middlewares by border agents. This capability allows for the de nition of
policies (and resulting behaviours) that are not tied to any particular middleware
but that can be translated (sometimesacceptingthe lossof someinformation) into
the speci ¢ languages.The adoption of a native languageimplies that the number of
translating agerts grows with N, whereN is the number of supported middlewares,
and not with N2.

Scacial Grid Agerts also allow the implemertation of higher level functionalities
in the metagrid space,both for pure interoperability purposessud asthe Metagrid
Job eXdhange (seesection 3.4.2), and for supporting di erent sccial and economic
models acrossdi erent middlewares.

An interesting feature of this view is that the production layer is a border region
with the existing middlewares, and Production Grid Agerts are wrapgers of the
di erent servicesthis allows for scalableexpansionof the encompasseaniddlewares
aswell asa singlepoint of translation.

Howeer, the essetial point is that a metagrid is a good candidate ervironment
for SGA prototyping.

This chapter is dewted to the description of the architecture of Sccial Grid
Agens. The chapter starts with an Introduction (section 3.6) describing features
and constrairts; a taxonomy of the agens is in section3.6.1,and a generaldescrip-

tion of the overall architecture of the agens is in section3.6.2.
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3.6 Arc hitecture

In order to implemen the features descriked in Section 2.4, the agerts will have
to composeservicesarrangedin a production chain. This production processmust
be de ned in a exible way to allow the creation of di erent supply chains depend-
ing on di erent optimality criteria and sacial and economicrelationshipswith other
agens. Agerns act as nodesthat connectdi erent information ows (production,
cortrol/o wnership, sacial and price/value) and react to their changes;they must
manageand compose servicesand they must interface with existing ancillary ser-
vicessud asaccourting or banking systems. Agents must alsomanipulate and react
to sacial information o ws that descrike their relationships.

As grids are deweloping apaceand yet, despitethe e orts of the sciertic commu-
nity, a clear framework for standardization is still to be de ned, it is important for
the agens to be able to inter-operate with other technologies,and even be capable
(at least at a theoretical level) of inter-operation with servicesthat are still to be
deweloped or even designed.

As all but aninitial setof agens have yet to be deweloped, tested and deployed,
there alsois a very strong needfor a exible and simple architecture and the possibil-
ity to dewelopthe codein small, incremenal stepsto cortrol the overall complexity of
the solution. The necessiy for simplicity rules out traditional software agen technol-
ogy. Theseconsiderations,although not directly related to functional speci cations,
play a signi cant role in the designof the architecture.

Theseconstraints can be met by a lightweight architecture basedon assaiative
relations and agens that exposesomeplug and play behaviour. Agents should be
ableto manageinformation relating to the assiation with other agers, they should
be ableto nd \optimal" con gurations of servicesbasedon a exible set of data
and, nally, they shouldbe ableto have somedegreeof \self consciousnesshby which
to make decisionsbasedon historical records.

An abstract view of the architecture is as a set of MessageTransformers that
commnmunicate and composeservices.The messagdransformeris de ned asan ertity

which exposesa minimal interface. Transformerscan be further sub-divided into
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sub-ertities:

Providers that simply processa messagethey constitute the simplest tile of
our architecture. We usea provider interface eat time we want to wrap the
message-base8GA architecture around a service. An example of a provider
canbe a wrapper around a job submissionsystemor a pieceof code capableof

performing someclearly de ned operation.

Processors that map messagemto sequencesf messageshat unfold in time;
a simple example of a processoris a work ow engine. Using a very informal

description we say that processorgnap messageto messagesn time.

Managers that map messagedo providers in space;managersare basically

indexing services.

Let us de ne input and output messagess m;, and my, and the provider's
transforming function as f,(:::). We can describe a transformer as a transforming

function sud that :

Mout = fpv(min) (3.20)

If we de ne a sequenceof messagesn time as M = fmg; my;:::;;m;g and the
processor'sransforming function asf  (:::), we can descrile a processoras a trans-

forming function sud that: M = f, (mj,).

M = o (Min) (3.21)

Finally, if we de ne a transformer ast, then we can descrike a manageras a

transforming function sud that:

t=fm(min) (3.22)

Thesethree sub-ernities: providers, processorsand managersare composedto

create structures of the required complexity and sophistication. A fourth concept,
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the agent describesa set of messagdransformersthat sharean identity asdescribed
in Figure 3-36. Agens themselesare transformersand exposethe samebehaviours:
processingagens behase as work o w enginesorchestrating complex services,man-
aging ageris o er indexing servicessud as markets or yellow pageswhilst agens

wrapping existing servicessud as simple job submissionare pure provider agers.

Agent

Agent Port

.
~
*\

Agent Port

Processor Provider

Agent

Figure 3-36: Abstract architecture of the ageris.

3.6.1 Typesof agents

Sacial Grid Agerts can be divided into three main groups along two dimensions.
The rst dimensionrelatesto the connectionwith existing grid serviceswherethere
are two groupsof agers: Border Agents and Native Agents The seconddimension
relatesto the nature and role of the agerts; herewe idertify Sacial Grid Agentsand
Production Grid Agents This two dimensionaltaxonomy of the agerts is represeted
in Figure 3-37.
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Figure 3-37: Taxonony of grid agerts.

As illustrated in Figure 3-38, scacial ageris of both border and native nature
sharethe samearchitecture and are therefore grouped together. On the other hand,
production agens aredivided into di erent borderand native architecturesdepending
whether they produce a servicebasedon existing grid servicesor not. Existing grid
servicesare interfaced with the ageris via what is termed a Servie Provider and

constitute what we term a Grid Body.

3.6.2 Agent anatomy

A high level view of the architecture of the agens is describted in Figure 3-39. It is
composedof two or three main ertities.

Agerns are surrounded by a Native Serviee which enablesthem to be invoked
through a Native Servie Port. If a link exists between an agert and an existing
grid serviceit usually consistsof API invocations but can also be performed with
systemcalls if an API is lacking. All other ageris cortain a Native Skeletonthat
consistsof the serviceso ered by the Native Service. Finally, an Agent Behaviour
Engine implemerts the production or sccial behavior. Agert Behaviour Enginesare

software infrastructures that host Agent Behaviour Policy. The behaviour and the
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decision medanisms of the ageris are expressedn a Native Languagedetailed in
Chapter 3.7.1. Finally, all agerts and serviceproviders exposea minimal interface
composedof a single method process(messagedhat returns another message The
ageris are simple messagdransformers,wherethe transformation is de ned in their
native language. This designdecisionwas made in order to reduceto an absolute
minimum the complexity of the agen's skeletonand to allow all ageris to exposethe
samestuh

This architectural feature also facilitates the outsourcing medanism that is the
very foundation of most of the agen's behaviour; sothat an agen may usethe grid
servicesit directly cortrols (seeFigure 3-39) or it may accesghem through another
agert willing to allow this (seeFigure 3-40). In the latter caseagens a and b can
usethe serviceso ered by both serviceproviders provided that the agen in cortrol

allows so, and the very simplicity of the agen architecture expresslyfacilitates this.
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Figure 3-39: Agent Architecture.

Messages

Agens communicate through messagesn order to understandthe agen's architec-
ture it is important to understandthat of the messagesMessagesre classeghat
implemert a Serializableinterfacein orderto be sent and received through the Native
Servie Port. Messagese ect the division into layersasdescritedin Figure 3-41. So-
cial agerts comnunicate with ead other through Saial Messagesproduction agens
accept and send Production Messagesand, nally, service providers commnunicate
through Servie Provider Messagesor, for the sake of concisenessExecution Mes-
sages Messagegortain a description expressedn the native languageand possibly
attached data in a service-sgci ¢ format.

As production ageris cortrol serviceproviders and sccial ageris cortrol produc-
tion agens, the messageshey exdangere ect this structure asillustrated in Fig-
ure 3-42.

Execution Message<an cortain the information neededto executethe various
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Figure 3-40: Architecture of the outsourcingmedanism.

services,either by native agert code or by existing grid servicesor can cornvey in-
formation regardingthe ServiceProvider to the Production Layer. This information
can be condensed,ltered and enriched by additional production information when
it is exdhangedby production agens. Finally, production messagean join sccial
information in social messagesln ewery layer there canalsobe messagethat cortain
only information pertaining to that level like pure sacial messagespure production

messagesnd sacial messagesortaining pure production messages.

Service Providers

Serviceproviders can be interfacesto existing grid servicesor to native servicesfor
the grid ageris. In the rst categorythere are interfacesto job submissionsystems
sud as the Workload Managemehn System of gLite or the GT4 GRAM, or work-
ow enginessud as WebCom [60][58]. Messageseceiwed by the service providers
are usually simple wrappers cortaining necessaryinformation for the executionof a
service. Serviceprovider messagefor a job submissionsystem,for example,will con-
tain information regarding the executable,input, output and other data regarding
the job submission. On the other hand messagesegarding work- o w submissions

will cortain the represetation of the work ow to be executed.
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Figure 3-41: Di erent messagegxdiangedby agerts.

Behaviour Engines

Serviceproviders are managedby a componert called the Agent Behaviour Engine
descrikedin detail in Figure 3-43. When a messageés received by an Agent Behaviour
Engine, its Manager chedks whether there is any Processor (P in Figure 3-43) able
to manageit. A processoris a classthat cortains the \knowledge\ of what to do
with one or more messagesThe processomwill executea seriesof actions that can
useother processoror serviceproviders.

The manageris capable of match-making a processorto a messagehrough a
mapping function:

Pri=F(Mn;fpg)

wherePr, is the k™ processorF (:::) is the mapping function performedby the
managerand f pg are additional parameters.

The processorthen analyzesthe messageand engagesn a seriesof steps;whenit
needsexternal providers it requeststhem from the manager(SP, and SPg in Figure
3-43) that instantiates them using the samemedanism as that which was usedto
obtain the processor. In this case: Pv, = F(M,n;fpg) where Py, is the service
provider (possiblyincluding processors)F (:::) is the mapping function performedby

the managerand f pg are additional parameters.
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Figure 3-42: Di erent messagegxdiangedby agerts.

The processorexecutesall the necessarystepsand returns a messagéVl oyt. This
we descrike through processingfunctions:

Mout = Gpr, (Min; F(Mn); fpg)

whereGp,, is the processingfunction implemerted by Py (the k™ processor),F
is the mapping function of the managerand f pg are additional parameters.

The description of the overall behaviour then becomes:

Moutr = Gpr (Min;F(Min);fpg) (3.23)
Pvi = F(Mn;fpg) (3.24)
Pre. = F(Mn;fpg) (3.25)

Where equation 3.23descrikesthe processingfunction returning the output mes-
sageMoyt and equations3.25and 3.24 are the mapping functions.

Thesemaps are usedto descrile relations that link messageaypesand message
values including the idertity of the requester (and sometimesthe bene ciary) to

policiesand processorgapableof handling them.

87



Service
Providers

7

Messages

R

Manager

L

Manager

Processors Providers

1

Figure 3-43: Agent Behaviour Engine Architecture.

A possibleimplemertation of this mapping technique is descriked in Figure 3-44.
Firstly a messageanm is received by the agert from a senders. The rst stepin the
mapping processis to link the senderand the bene ciary to arelationship(s;b) ! r.
Then the action requestedin the messageand the relationship are mapped to the
set of granted policies: (a;r) ! fgp;g. Then the modalities requestedfor the action
and the set of granted policies are mapped to an enforcedpolicy: (m;fgpig) ! ep
Finally the requestedaction and the enforcedpolicy are mapped to a processor:
(a;ep ! processor

Agents must take di erent actions depending on the sender'sidertity (and pos-
sibly the bene ciary's idertity) and the messagefor examplean agert may accept
service execution requestsfor free from an ager it has a cooperative relationship
with, but may ask for a standard price for a di erent set of agents and also have
a particular set of prices for a third set of agents with whom it has a particular

economicrelationship.
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Figure 3-44: Mapping a messageo a processor.

Pro cessors

Processorsare a key componert of the Agent Behaviour Engines,they must be able
to perform sequencesf actionsin responseto received messageand they must also
be able to react to messagesvhilst performing actions. In order to do so processors
contain a map basedon the native language,which itself must be capable of map-
ping the current action, parts of the status of the processorand messagesg\ertually
received into the next step action, for exampleasin Figure 3-45. This map can be
expressedas: (Aij;m;s) ! Ai.; whereA; is the current action, m is the message
received (if any) and s is a subsetof the status of the processors S. In order to
be able to react to messagesvhilst performing actions, processorsare divided into

two categories,syndironousand asyndironous.
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Figure 3-45: Example of stepsperformedby a syndironous processor.

Synchronous Pro cessors

Syndironousprocessorgeact to messagesvith a pre-de ned sequencef actionsand
return results at the end of this sequence. This behaviour is shovn in Fig. 3-46.
Once the processorreceives the messageM; it triggers one of the two chains of
events A; ! Ayl AjorA;!l Al Azl Azl it Azl A4 Only at the end
of theseewerts is a messageeturned.

Obviously this behaviour is acceptableonly if the sequenceof actions can be
executedin a short and predictable amourt of time. Actions sud as lengthy job
submissionsshould not be implemerted with a syndironous processoras the caller
processewill have to wait (possibly for a signi cant time) until the processorhas
completed its sequence. This is already a good reasonnot to rely solely on syn-
chronous processorbut there are also two other reasonsto dewelop asyndironous
processors:timeouts and topologies. The native skeleton can exhibit timeouts that

can easilyexpireif aninvocation is not returned in due time; also, if ageris wait long
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Figure 3-46: Behaviour of a syndironous processor.

&

times for responses,they lock in chains of invocations that prevernt the creation of
many topologies. For thesethree reasonsanothertype of processorthe asynchonous

processor is supported by the agerts.

Async hronous Pro cessors

Asyncdhronous processorsinherit their behaviour from a threading madel but they
extendit with a syndironoussequencef actionsat startup. This designfeatureis to
allow rapid, predictable sequencesf actionsto be performedin a syndironousfashion
before starting the thread. In the exampleof a job submissionthis allows cheding
whether the job can be performedbefore starting the submission. The behaviour of
an asyndironous processoris describted in Fig. 3-47.
This processorhastwo sequence®f actions. The syndironous sequencas A1 !

A, ! Ajatthe endofwhich messagéM, isreturned. After this syndironoussequence
the asyndironouspart is triggered. This sequenceouldbe Ay ! As! :::1 Ag, Or
Azl Ayl it As! Ag depending if messageMs is received. Finally message

Ms will enquireabout the current status of the processor.The asyndironouspart of a
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Figure 3-47: Behaviour of an asyndironousprocessor.

processohasthree characteristicsthat makeit preferablefor lengthy or unpredictable

eerts:

It hasanasynchonousbehaviourthat allowsthe safeimplemertation of lengthy

or unpredictable processes,
its status can be queried by other processesand

it has a reactive behaviour that allows other processedo changethe sequence

of its actions.

Managers

Processorsgeither syndironous and asyndironous, are managedby Managers The
purposeof thesecomponerts is to provide the right processorsipon the reception of
a message.They do this by mapping processorsand messages maps. While syn-
chronousprocessorsare easilymanaged,asyndironousprocessorsieedto be managed

more carefully in order to allow them to be retrieved when necessary To allow this
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a ProcessorManager storesboth typesand instancesof an asyndronous processor.

This is illustrated in Figure 3-48.
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Figure 3-48: The manager.

MessageM ; is compatible with key K ;. When the processomanagerreceiesit,
it createsan instance of ProcessorP; (by instantiating an object of classC;). The
processorperformsits syncironous part and then returns a message.The Manager
then addsthe instance P; of the processorto its map with a di erent key K,. Now
the instance of the processorcan be cortacted through messagesompatible with
the key K ,, such as M3, but the managerwill alsobe ready to instantiate as many
processorsas necessary For job submission,as an example,the managerwill create
an instance of the processoreat time a job can be executedsuccessfullybut will
also map eat requestregarding already running jobs to the appropriate instance of

a processor.
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3.6.3 Topologies

The previous sectionswere dewoted to the description of the internal architecture of
Sccial Grid Agents and their componerts. This sectiondescriteshow the agerns are

connectedin someof the topologieslisted in section3.3.

Simple Purc hase

A Simple Purchase topology (introduced in section 3.3.1) is used to cover three
possible scenarios: a Sel ess Charitable relationship, a Commality Market and a
Postal Price Model (the latter two economicmodels are descrited in section2.2.2).
The three di erent behaviours are achieved by simply setting the Pricing Policy (see

section 3.2.6) as follows:

Charity. To model a charitable behaviour, the agen providing the servicesets
to zero the Pricing Policy that determinesthe prices applied to the ageris
it intends to benet. The agert can also descrite more complex conditions
to constrain the charitable donation by setting conditions on the Allocation,

Execution and Value Policies (seesection3.2.6)

Commality Market. In a Commadity Market the Pricing Policy is setto be the

samefor all the clients.

Postal Price Model In a Posted Price Model, di erent Pricing Policies can
be set as special o ers. The model can be further extendedby the possibil-
ity of de ning speci c Pricing Policies for particular usersto model common

commercialpracticessud asa Loyalty Program.

Pub Topology

In a Pub Topology (seesection 3.3.2) two or more ageris are involved in a sharing
medanism wherely a sccial agent may accept requestsfrom another sccial agen
provided that the requesteris granted enoughtokens.

Figure 3-49shows a simple Pub Topology involving four ageris: two sccial agerns
(SGA A and SGA B) that cortrol two production agens (PGA A and PGA B). Let
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us supposethat at a giventime SGA A decidesto avalil itself of the servicesof PGA
B through the Pub Topology, then SGA A will senda requestfor a serviceto PGA
B, if the requestis granted (meaningthat SGA B previously granted enoughtokens
to SGA A), then SGA A will instruct the production agert it cortrols (PGA A) to
increaseaccordingly the number of tokensthat areto be granted to SGA B.

This o ers avery simple, self-adjustingload balancingsystemthat canencompass
any number of agers. This simple scenariocan be expandedalong many dimensions
through the de nition of appropriate policies: the value (and/or service metrics)
of the required servicecan be limited by setting appropriate Allocation and Value
Policies; tokenscan also be granted to other pub parties on di erent conditions (at
servicerequest,upon completion of the serviceor upon successfutompletion of the
service).

Two interesting aspectsof the Pub Topologyareits simplicity andits self-adjusting
characteristics: in fact, if oneparty consistely fails to meetthe requiremerts asked

by the other it will simply not be granted any more tokens.

Legend

@ @ <<- — = Social Information Flow

e————» Control Information Flow

PGA A |« > PGAB <«+—» Production Information Flow

Figure 3-49: A Pub Topology.

Trib e Topology

A Tribe Topology (shown in section 3.3.2) is similar to the Pub Topology with a
meaningful di erence: the policies (or part of them) that cortrol if, how and when
the agers grant tokensto ead other are de ned by a Chieftain. The Chieftain is

granted the authorization to set policiesin the various ageris by setting a proper
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Authorization Policy (seesection 3.2.6) that cortrols the privileges granted to the

messageseceived from the Chieftain.

Keynesian Scenario

A KeynesianTopology (shown in section3.3.2)is a sacial structure wherea Keynesian
Authority grants special privilegesto one or more agerns. This topology aims at
modelling scenarioswhere one or more authorities invest in public infrastructures
to sustain projects of public interest. In a certain senseit is similar to the Tribe
asin both casesScacial Agernts grant to an Authority the possibility of setting and

modifying parts of their internal policies.

s )~
4 \
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/ \
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I
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PGA A

Figure 3-50: A KeynesianTopology:.

In its simplest form (shown in Figure 3-50) a Keynesiantopology encompasses
four agerts: a Client (Client), a Keynesian Authority (Authority), a Sccial Agent
(SGA A) and a Production Agent (PGA A).

If both Client and SGA A acceptthe authority of the Authorit y then they belong
to a KeynesianTopology. The Client is granted by SGA A patrticularly favourable
conditions that are descriked by policiesde ned by the Authority and acceptedby
SGA A; the most common policy a ected in a Keynesian scenariois the Pricing
Policy stating that Client is to be granted a lower price than the other costumers.
Thesepolicy settingscanmodel a scenarioin which part or all the resourcesortrolled

by SGA A are partially or fully funded by the Authority.
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But there is alsothe possibility that the KeynesianAuthority decidesto fully or
partially fund the activities of Client by covering part or all the price requestedby
SGA A. In this caseit will modify the Billing Policies of SGA A to allow a third

party (in this caseitself) to cover, partially or ertirely, the costs.

3.7 Social Grid Agents: Technologies

This architecture has beenrealized and re ned in various guisesin a seriesof ex-
perimertal prototypes. For the last of these,the software technology is Java™ , the
native serviceand skeleton technology is Globus GT4 Web Services(WSRF) [32],
whilst the native languageis Condor ClassAd. The latter is discussedin Chap-
ter 3.7.1. It hardly needsto be said that the technological choicesare just that, and

that the architecture is an abstraction valid whatewer the choices.

3.7.1 Behaviour Policies

In Section3.6 we have introducedthe conceptof an"A gentBehaviour Policy” hosted
in a Agent Behaviour Engine. Agerts have to make decisionsdriven by external ele-
merts and their own behavioural characteristics. They must decidewhetherto accept
or reject requestsfrom other agers dependingon their sccial relations, they must as-
sesghe price of a service,they must executeactionsin orderto perform services.The
architecture described in Section3.6 implemerts a software infrastructure capableof
mapping messageto policiesand a sequenceof actions. As yet there has beenno
explanation of how thesedecisionsare descrited and memorizedin the ageris.

This Sectionis dewted to this topic.

The Nativ e Language

The earliest experimertal prototypes usedthe Java™ Languageto implemert both
the Behavour Engine infrastructure of the agerns and their behaviour policies. As
this proved to have too many shortcomings,the policies, mapsand action sequences

were re-expressedn a native language. The earlier work indicated than an e cien t
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and expressiblelanguagewas needed. Side-e ect freedomwas consideredimportant
for (future) provability, and the Haskell language[1B was considered. The current
choiceis the ClassAdlanguage[84 83, 85, 56.

This choice was basedon four major considerations.
The ClassAdlanguageis widely usedand understood in the Grid community.
The ClassAdlanguageis usedby the gLite and Condor middlewares.

The ClassAd languageis speci cally designedto assaiatively matchmakeen-

tities.

The ClassAd languageis a functional languagein which the ewaluation order
and the priority of operatorsare speci cally designedo allow the matchmaking

of partly de ned data structures.

It is not the focus of this thesisto descrite in detail the ClassAd languageand
it should su ce herethat the ClassAd Languageis a strongly-typed, side-e ect-free
functional languagewhosemain characteristic is its ability to support matchmaking
of di erent ertities.

The two ClassAd expressionsClassAd A and ClassAd B can be matchmaked
against ead other using the combined namespace®f both expressions.This means
that we cande ne if and how much ClassAd A and ClassAd B are compatible.

This is achieved by two particular functions of the ClassAd Language: the Re-
guirementsfunction and the Rank Function.

If we de ne V asthe set of all the possibleClassAd Valuesand V  V asthe

Cartesian Product of V, we can de ne the Requiremems and Rank functions as:

Requirements(V V)! V (3.26)
Rank(V V)! V (3.27)
The Requiremetts function is a special function the range of which is either a

Boolean or one of the two speci ¢ ClassAd valuesUNDEFINED and ERROR. We

can descrile in more detail the Requiremen functions as:
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Requirements(V V)! Q (3.28)
Q= ftrue;false;UNDEFINED;ERRORg (3.29)
Q V (3.30)

The Rank function, on the other hand, is a special function the range of which is
either a natural number or one of the two speci ¢ ClassAdvaluesUNDEFINED and

ERROR. We can descrite in more detail the Rank functions as:

Rank(V V)! K (3.31)

[
K=N fUNDEFINED;ERRORg (3.32)
K V (3.33)

For example,let there be two ClassAdexpressionswherethe rst, ClassAd A, is:

[
a = 1;

b = 4;

Requirenments = (a == 1) && (other.b == 2);

Rank = a + other. b;

The second,ClassAd B, is:

[

a = 3;
b = 2;
Requirements = (a == 3) || (other.b <= 10);

Rank = other. a;
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In this caseClassAd A and ClassAd B match. The rank of the match is 3 for
ClassAd A and 1 for ClassAd B.

Both functions can usethe value UNDEFINED internally to cope with values
that are not de ned in the current scope or ewvaluate to UNDEFINED when sut

valuesare met. For example,take the two following ClassAd expressions:

[

a = 1;
b = 4;
Requirements = (other.c is undefined) || (other.c == 2);

Rank = a + other. b;

a = 3,
b = 2;
Requirenents = (other.c == 2);

Rank = ot her. a;

The Requiremen function of the rst ClassAd will evaluate to true while the

secondwill evaluate to UNDEFINED.

ClassAd and Agents

The prototype implementation of Sccial Grid Agerts usesthe ClassAd Language
extensiwely. Agerts often map ertities to other erities: actionsare mapped to other
actions, messagesire mapped to processorsmessagestelationships and modalities
are mapped to policiesand actions.

Thesemapping actions are de ned in ClassAdin a componert called a ClassAd
Mapper; a ClassAd Mapper is a HashMapthat links keys expressedn the ClassAd
Languageto Java™ objects (that can also be String represemations of yet other
ClassAdexpressions).The ClassAdMapper is usedin Sacial Grid Agerts to perform

three basic mapping operations:
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mapping message$o serviceproviders,
mapping actionsto actions, and,

mapping policiesand modalities to enforcedpolicies.

Messagesnd providers

Chapter 3.6 descriked how agerts map messagewo providers, either simpleservice
providers or more complexprocessors.This operation is performedinside Managers
which are basedon ClassAd mappers. An Asynchonous Processor capableof man-

aging a gLite job submissioncan be mapped asfollows:

[

Processor Manager prManager = new Processor Manager () ;

String key ="

[ Requirenents =
(other.modality == \"asynchronous\") &&
(other.action == \"job execution\") &&
(other. action. object.type == \"lcg2\");

E

pr Manager . add( key, JSAsyncProcessor. cl ass);
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Now the managerwill be ableto map messagesud as:

nodal ity = \"asynchronous\";

action =

[

nanme = \"job execution\";
obj ect =

[
type == \"lcg2\");

1;

1;

Actions

Processorsare enginescapableof executing sequence®f actions. They can per-
form this either in syndironousor asyntcironousmode. The abstract architecture of
processorss described in Chapter 3.6. The ClassAdlanguageis usedboth to de ne

the singleactions and their segquenes

[

name \"subm ssion\";

type \" prepare\";

execution = \"renote\"];

1;

This describesthe submissionstep of a job execution:
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The eld nameis usedasan identi er of the action.

The eld type de nes prepare actions that are to be performedduring a syn-
chronousrun of the processoior exeution actions that will be performedduring

an asynchronous run.

The eld exeution de nesremoteactionsthat will be executedby other Service
Providers or local actions that will be performed locally by the processor A
processorin which all the actionsare de ned asremoteactsasa pure execution

enginethat invokesother ServiceProviders in the correct order.

nanme \"status check\";

type \"run\";

execution = \"local\"];

1;

This descrites the status check action in which the current status of the job is

investigatedand analyzed.
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Every processorhas a description in ClassAd which cortains the current action
and somedata related to its status. The engineof the processomwill usethis infor-

mation to determinethe next action.

String key_submni ssion_ok = "[ Requirements =
((other.current.action.name == \"subm ssion\")
&&

(other.current.status.result == \"success\"))

o

String action_status_check = "[
name = \"status check\";

type \"run\";

execution = \"local\"];

1"

actions. add( key_subm ssi on_ok, actions_status_check);

This casemapsthe sequencesubmission! status check

Information Structure and Flows

As we have seen,ClassAd expressionsare usedto descrite all information that
is exdhanged among the ageris and the behaviour and status of the agens. This
information is structured in a uniform way so that setsof parserspresen in every
agen are able to treat it in a sematnically consistem fashion. The information is

structured as follows:

Messages
Agents communicate through messagewhich are ClassAd RecordExpr expressions

cortaining:
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A Content that is the content of the message.The cortent can either be an

Object or an Action.

A Senderthat is the Agentldentity of the agent who sert the message.

Agent Identity

Agert's idertities are descrited through ClassAd RecordExpr expressionsthat
contain di erent elds that may have di erent ways to be Authenticated. This is to
allow agerts to implemert and acceptdi erent Security Policies depending on the

relations they are currently engagedn.

A Distinguished Name that is an X509 distinguished name
An SGA NAME that is an agen-speci c iderti er.
The Date of Birth of the agert.

A Domain to which the agen belongs.

Object
Objects are ClassAd RecordExpr expressionghat descrike either local or remote

objects. They consistof:

A Description that describesthe type of the object and its location if it is not

local to the expression.

A Value that is de ned only if the object is local to the expression.

Actions
Actions are ClassAd RecordExpr expressionghat cortain the following informa-

tion:

A Description that cortains the information listed in 3.7.1 and the Status of

the action.

An Input that can be either an Action or an Object.
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An Output that can be either an Action or an Object.

A set of Modalities. If it is de ned, this is a ClassAd RecordExpr expression
that descriktesthe Set Of Constraints that is requestedby the agen requesting

the action, the Requester.

A setof Policies. If it is de ned, this is a ClassAd RecordExpr expressionthat
descrikes the Set Of Constraints that is applied by the agert performing the

operation for the Requester.

A set of EnforcedPolicies that is a ClassAd RecordExpr expressionthat de-
scribesthe Set Of Constraints that is a subsetcommonto both Policies and

Modalities.

A setof Data that can be usedto descrike data relevant to the action that can

be not easily handled as Input.
A Reguester that is the identity of the agert requestingthe action.

A Bene ciary, that is the idertit y of the agert that is ultimately the bene ciary

of the action.

A Set of Constraints

Policies, modalities and EnforcedPolicies are all descriled as setsof Constraints.

A Constraint

A Constraint descrites"how and if* an action is to be executed. It consistsof:

A Data expressionthat cortains any data speci ¢ to the constrairt.

A Clause a Booleanexpressionthat evaluatesto either true or false.
Information Models
The information structure illustrated allows the agens to excdangeinformation

with a certain degreeof exibilit y. Depending on how the information ows are

structured it is possibleto implemert two main computation models: side e ect free
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and with side e ects. Currently ageris usemainly the side e ect free model; where
actions are composedthrough their input and output elds. We illustrate this with

an exampleof the stepsthat usually arisein the handling of a messagen an ager.

The Acceptan@ Action is always the rst action performedwhen a messagas
received (mg) by an Agert. It acceptsas Input the messagetself and returns
onethat hasbeenmodi ed (m;) in the elds relating to the Authentication of
the sender(the sendermust have a valid X509 certi cate in order to have its
messageacceptedby the GT4 cortainer that hoststhe agern) and the status of

the message.

My = facc(Mo) (3.34)

The Action cortained in the messages then extracted from the acceptedmes-

sageand a suitable processor(if any) is found in the manager

a; = (my):content (3.35)

The Action is then mappedto a setof Policies by a Policies Mapping Provider.

a = fmap(as) (3.36)

The Action with the constrairns represeted by the Policies is then usually pro-
cessedy a Policies EnforcementProvider that de nesthe subsetof constrairts

de ned by the Policies and Modalities.

az = fenforcer(@2) (3.37)

The Action with the constrairts represeted by the Enforced Policies is then
usually passedagainto the managerto nd a suitable provider; this operation

canyield yet another action or an object.

€= fexe(@) (3.38)
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Policies and Mo dalities

Agerns receiwe, asses®nd possibly acceptmessagesequestingexecutionof services.
Theserequestsare detailed with modalities. On the other hand, agers providing
the servicesde ne a set of policies. If thesetwo setsoverlap, then the servicecan be

executed. This is showvn in Fig. 3-51.

| Request - Modalities

| Availabilty - Policies

\
\

\J

| Execution — Enforced Policies

Figure 3-51: Policiesand modalities.
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The following snippets of code shaw this conceptappliedto a genericjob submis-

sion. The requestwill be of the form:

[

subject = agent A
action = "job execution";
Requirenents = ... (other.cputine >= 10000)

HereagentA requeststhe executionof a job with the maximum duration of 20000
seconds.On the serviceprovider side there will be a set of policiesthat are applied

to agentA:

[

Requirenents = ... (cputinme <= 20000)

In this case,agentA is entitled to a maximum of 20000secondsof CPU time.
The requestis acceptableas both the requiremens evaluate to true and the service

requestcan be executedwith this set of enforced policies:

[

Requi renments = ... (cputinme >= 10000) && (cputime <= 20000)

This examplecoversonly a simple casein which the namespacesf both ClassAd
expressionallow a completeevaluation. Howeer, the architecture of the Sccial Grid
Agerts is multi-layered and it cannot be assumedthat ewery layer has a perfectly

overlapping namespace. In fact, the various layers of the architecture share only
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subsetsof their namespacesand this forcestwo ewaluation strategies: abstiaction

and delegation

Policy abstraction

Agerts are arrangedin topologiesthat de ne production systemsand sccial struc-
tures. To do this, they exchange information regarding the status of the resources
they cortrol, the production they perform and the sccietiesthey belongto. To man-
agethis complex o w of information it is necessaryor the ageris to manageonly the
subsetof information that really pertainsto the decisionsthey have to make. Agens
usetwo abstractions: Value and Price. This ow of information runs through the
cortrol chain of agers. Here policies are de ned at di erent level of abstractions.

This is descriled in the exampleof Fig. 3-52.

Price, Value

Social Layer

and Resource Metrics

Value, Resource Metrics

Production Layer

Resource Metrics

Execution Layer

\J

Figure 3-52: Policies and modalities abstraction.

Let p' be the set of parametersthat de nes the i level. Then, at the (i + 1)th

level a set of parametersp'*! canbe de ned which can be basedertirely or partially
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on the lower level i.
As a very simple examplelet us de ne value and price at the Production and

Sacial level asfunctions of a metric that de nes the number of free CPUSs.

[

free_cpus = 2;

Part of this information is usedin the Production Layer to de ne the value of the
resource.lt is possible,for example,that the value of the resourceis de ned, among

other parameters,asthe inverseof the number of available CPUs.

[

execution =

[

free_cpus = 2;

value = ... (1/ execution.free_cpus + 1) ...;
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At the Scial level, part of the information of the Production Layer and part
of the information of the Execution Layer is usedto de ne a policy that hasto be
applied to de ne the minimal price at which a job submissionis to be sold to agent
A:

[

producti on

[

execution

[

free_cpus = 2;

value = ... (1/(execution.free_cpus + 1) +1)

price = production. value +1;

Requi renents = (other.price >= price) && (other.free_cpus

<= production. execution. free_cpus);

In this casethe requestof agentA will be acceptedif and only if the price o ered

is greater than the (production value + 1) and the number of requestedCPUs is
available.
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Request - Modalities Availability - Policies | _

Figure 3-53: Policiesand modalities enforcemen

Policy Enforcemen t

The complemetary processis the enforcemen of policiesdescriked in Fig.3-53. Let
us descrile an arbitrary level i. The requesterwill de ne its requestand modalities
with the ClassAd expressionexpr;., that de nes a set of valuesp}, a Requiremen

and a Rank function:

Requirements= f/(V V)! Q (3.39)
Rank= ¢ (V V)! K (3.40)

Conversely the provider will de ne its servicesand policies with the ClassAd

expressionexprliO that de nes a set of valuespip, a Requiremen and a Rank function:

Recuir ements= f (V. V)! Q (3.41)
Rank = g(V V)! K: (3.42)

At level i, the matchmaking processwill have two possibleoutcomes:it caneal-
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TRUE FALSE | ERROR | UNDEFINED

TRUE TRUE FALSE | ERROR | UNDEFINED
FALSE FALSE FALSE | ERROR | UNDEFINED
ERROR ERROR ERROR | ERROR ERROR

UNDEFINED | UNDEFINED | UNDEFINED | ERROR | UNDEFINED

Table 3.1: ClassAd extensionof the Boolean AND function.

uate or not. Unlessthe Requiremerts and Rank functions usedirectly the function
is de ned to handle casesin which valuesare unde ned, they will ewvaluate to UN-
DEFINED if any of the usedexpressionsare not de ned in the Cartesian product
of the namespacef expr, and expr;: p, pj. In the latter caseat least one of
the functions will evaluate to UNDEFINED, sothe agen will not be ableto make a
decisionand will have to delegateit to a lower level.

The provider at level i will then act asa requesterof level i 1, issuinga request
that de nes a setof valuesp! ! (that cortains all the neededvaluesof the level i and

I 1), a Requiremers and a Rank function:

Requirements=f' (V. V)! Q (3.43)
Rank=¢ (V V)! K: (3.44)
where:
fl 1= fl&&f/ (3.45)
g '=F(g;9) (3.46)

Where F is any function that conbines the ranking functions and where &&
is the implemenation o ered by ClassAdto the Boolean AND function. This im-
plemertation also supports the ERROR and UNDEFINED values as descriked by
Table3.1
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Partial Evaluation

At ead step the requiremens and rank functions are to be partially evaluatel. A
ClassAdfunction evaluatesto UNDEFINED if any of its parts is UNDEFINED (and
this possibility is not taken into accourt with the is unde ned special function as
descriked in section3.7.1). This makesit impossibleto perform a detailed partial
ewvaluation in which only the valuesde ned at ead step are evaluated and all the
others are propagatedto the other steps. This problem hasbeensolved by writing a
Partial Evaluation Parser that parsesa ClassAdexpressiorand substitutes only the

valuesthat are de ned.

3.8 Conclusions

This Chapter details the methods usedto implemert Sccial Grid Agerts. The meth-
ods concernthe architecture at di erent levels; the main conceptsand the basis of
their sacial capabilities are de ned in Section3.2, the topologiesin which the agen
are arrangedare descriked in Section 3.3, an implemertation of the erviromente of
Sacial Grid Agerts, the metagrid, is descriked in Section 3.4, a more concretear-
chitecture of agens is descriled in Section3.6; nally the usedtechnologiesand the

languageusedby the agerts is de ned in Section3.7.
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Chapter 4

Implemen tation and Exp erimen ts

Figure 4-1: It's a dirty job but someonehasto do it.
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"A bad craftsman blameshis tools, an evenworse one blamesthe nail"
Anonymous
No amount of experimentation can ever prove me right; a single exgeriment can
prove me wrong.
Albert Einstein
A theory is somethingnolody kelieves,ex@pt the personwho madeit. An
exgeriment is somethingeverylody believes,exept the person who madeit.
Albert Einstein

4.1 Intro duction

While chapter 3 was dewted to the genericdescription of paradigm, abstract meth-
ods and abstract architecture of the agerts, this chapter covers the details of the
implemerted prototypes. A brief description of the di erent prototypesimplemerted
during this enquiry is followed by v e main sections: the description of a metagrid
prototype (see Section 4.2.1), the implementation details of di erent Scocial Grid
Agens(seeSection4.2.2), the details of a prototype of a complextopology (seeSec-
tion 4.2.3),the de nition and enforcemen of a set of policies(seeSection4.2.4) and,
at the end of the chapter, the experimerts that wereperformedon Sccial Grid Agents
(seeSection4.3).

Four di erent prototypeshave beendeweloped during this researt. This section
will briey descrike the prototypes,their shortcomingsand the designdecisionsthat

prompted the next implemertation.

4.1.1 First Implemen tation

The rst prototype of Sccial Grid Agerts was basedon the WebCom technology
that provided both the comnunication platform amongthe ageris and one of the
middlewares encompassedy the prototype (the other two being LCG2 and GT4).
The purposeof this prototype was to to prove the feasibility of a platform able to

submit jobs to multiple middlewaresand to use Condensd Graphsto represeh the
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dependenciesamongdi erent jobs.

4.1.2 Second Implemen tation

The secondprototype of Sacial Grid Agerts [75] (this prototype wasshovn and peer-
reviewed at the WebCom-G project review held in Cork in October 2005). It had
two major di erences from the rst prototype: commnunication amongthe various
componerts was basedon GT4 technology and a File Stagingmedanismwasimple-
mernted. This medanism is basedon the useof a certral repository for les, which
were moved to the agerts only when neededin order to reducethe overheadcaused
by le staging.

The architecture of the secondprototype is shovn in Figure 4-2.

Pure metagrid region.

File Main Submission Service
R lose R
{ "‘W} Security, i { "‘}
Loggin
1‘ GT4 Container o
Client-Side
W /’ Collapsed Border Service
A
(R} Client-Side
mWL . id Service :
«—»( (Clien Extended Border Services
(LCK2)
Server-Side
\ Extended Border Services
{me} Client @ Grid Service {ng }
GT4 Container (LCG2 or GT4)

Figure 4-2: Architecture of the secondprototype.

4.1.3 Third Implemen tation

The third prototype of Sccial Grid Agerts extendedthe secondimplemertation with
the conceptsof maps, messagespolicies and modalities. Maps were basedon hash
mapswhile messagegyoliciesand modalities were expressedas hierarchies of classes.

This designsolution provedto be poor. It yieldedan architecture that wasboth hard
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to understand and maintain. Thesedi culties werethe main factors that led to the

researt of yet another languagefor the expressionof policies.

4.1.4 Fourth Implemen tation

The decisionto adopt the ClassAd languageasthe native languageled to the fourth

and last prototype.

4.2 The current protot ype
The sectionon the last prototype describesits most important aspects:

A prototype of the metagrid ervironmert
The implemertation details of di erent Sccial Grid Agerts
{ A production agen (gLite-wms-ma), a production ager that wraps the
gLite Workload ManagementSystem

{ A production agen (gt4-gmam-pga), a production agen that wraps the
GT4 GRAM System

{ A production ager (weltom-pga), a production agen that wrapsthe We-

bcom work o w engine
{ A sccial ager (gLite-wms-sgd, a sccial agert that cortrols gLite-wms-ma
{ A bank

{ An indexing agen
A complextopology that supports di erent, coexisting allocation medanisms

An example of a description and enforcemen of policies with the ClassAd

language
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4.2.1 A metagrid implemen tation

Figure 4-3 describes a prototype implemenation of a metagrid that encompasses
three di erent Grids: gLite, GT4 and WebCom, and the native Metagrid Job eX-
change[71, 74). In this implemenrtation, the Metagrid Job eXchangeand WebCom
are directly cortrolled by the samescacial agert while gLite and GT4 serviceprovi-
sion is cortrolled by two separatesccial agens with which sacial and/or economic

exdangeis to be establishedto gain the necessaryservices.

User
Interface
‘ Transport

SGA <—>

Layer

Figure 4-3: Architecture of the example.

The sccial topologyis descrilked by the upper part of Figure 4-4. The cortrol/o wn-
ershiprelations are drawn with vertical lines. The production topologyis represeted
in the lower part of Figure 4-4.

The behaviour of the systemis as follows:

1. Jobsubmission The usersubmitsa complexjob (to avery simplemetagrid user

interface), the executionof which requiresgLite, GT4 and WebComresources.

2. Execution planning: The sccial agent (SGAy jx) that cortrols the Metagrid
Job eXdhange Servicedecideswhether to acceptto try to submit the job or

not.
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PGA -
v A

Figure 4-4: Topology of the example.

3. Neads evaluation: SGA ), ;x assessethe needsfor the successfusubmissionof
the job: gLite, GT4 and WebComresources. It then cheds this list against
the resourcest directly cortrols. This resultsin alist of the resourceghat are

neededand that must be obtained through sccial exchange.

4. Sccial and Economic arrangements SGAy jx cheds if in the list of other so-
cial agents it knows there is any that o ers the resourcesit needs. If so it
conacts the agens and askswhat is the costof sud resourceswherethis cost
can be zero for sccial agens with which SGA\, ;x has cooperative relation-
ships. If the sacial and economicarrangemeits can provide enoughresources
for job execution then the sccial agens that cortrol the gLite and GT4 re-
sources(SGAgyie and SGAgr4) instruct their production ageris (P GAgie
and P GAgt4) to acceptthe requestscoming from SGAy ;x. The job is then
passedo the production ager (P GAy jx ) with the list of the other production
agerts that will be needed(P GAw ebcom, P GAgiie and P GAgr 4).

5. Job exeution: PGAy ;x submitsthe job to the production agen that cortrols
the WebCom resource. WebCom unfolds the work ow graph that represets
the job and starts executingit. When a node represeting an operation that

needsa gLite or a GT4 resourceis encounered, the job description (JDL or
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RSL) is sert to the production agerts that cortrol theseresources(P GA gt
and PGAGT4).

6. Job termination: When the complete job has been executedthe results are

passedto the Metagrid Job eXchangeand then passedbadk to the user.

4.2.2 Implemen ted Protot ypes of Social Grid Agents

We have seenin Section 3.4 how agerts "live" in a metagrid environment that en-
compassesli erent middlewares. Usually border ageris are production agens that
interface to servicesthat are specic to the middleware. Section 4.2.2 details the
production agen that resideson the border with the gLite middleware and o ers its
servicesof job submission.Section4.2.2details the production agert that resideson
the border with the GT4 middleware and o ers its servicesof job submission. Sec-
tion 4.2.2details the production agen that resideson the border with the WebCom
middleware and o ers its servicesof work o w engine. Section4.2.2 details a sccial
agert that cortrols a production agern. Section4.2.2details a bank and section4.2.2

details an agert with indexing capabilities.

A production agent: GLITE-WMS-PGA

The gLite Wms Production Agent (or gLite-wms-ma), is a production agen that
wrapsthe gLite Job SubmissionSystemaccessingt through an instanceof the gLite
Ul. It is an border agent that connectsthe metagrid regionswith the Grid region
hosting gLite.

The agen reacts to two main sets of messages:action-related messagesand
control-related messages the rst concernjob-submissionrelated actions and the
secondconcerncortrol and management actions. The architecture of gLite-wms-ma
is showvn in Fig. 4-5; it comprisesa manager four processorsand se\eral providers

two of which are connectedto external services:the gLite Ul andthe Grid4C agents

The GLITE-WMS-PGA processors

The processorsare :
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The JSSyncPocessor a syndironousinterfaceto the job submissionsystem.
The JSAsyncPiocessor an asyndironousinterfaceto the job submissionsystem

The Policy Processor a syndironousprocessorthat chedks and enforcesall the

policiesrelated to the job submission

The Control Processor a syndironous processorthat cheds the authorization

of messageshat requestmodi cations in the overall policiesof the agert

The GLITE-WMS-PGA providers

The providers are :

The Acceptan@ provider performs somestandard operations at the reception
of the messagesud asloggingthe evert and lling the implicit authertication

data.

The Job Submissionprovider constitutes the main interfaceto the Job submis-

sion system.

The Job Availability provider cheds if a job can be submitted without per-

forming the submissionoperation.

The Policies Mapper maps messagessenderid and modalities into a set of

policies.

The Allocation Expert enforcesthe policies that de ne the allocation of re-

sources.

The Value Expert enforceghe allocation policiesthat are descriked asfunctions

of value.
The Logger managesthe log

The Billing Expert updatesand queriesthe consumptionrecordsof the ager.

It may be interfacedwith Grid4C agens asdescribed in section4.2.2
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Figure 4-5: Architecture of the gLite-wms-pgaagert.

The GLITE-WMS-PGA behaviour

Although PGAs are deliberately kept simple conceptually their behaviour can
be complex. Let us examinethe most common behaviour of this particular agen.
A messagesimilar to the one belov will map to an Asynchronous Job Submission

Processot

124



nodal ity = \"asynchronous\";

action =

[

name = \"job execution\";
obj ect =

[
type == \"lcg2\");

1;

The initial sequencef actionsde ned by the JSAsyncPiocessorcanbe performed
syndironouslyasthey are of short and predictableduration while the submissionitself
is performedasyndironously asit is not possibleto predict the duration of the job.

The sequencef actionsof the asyndronousjob submissionprocessois illustrated

in Fig. 4-6. It comprises:

Acceptance:a preliminary step that writes in ClassAdformat the data that is
implicit by the fact that the messagdiasbeenacceptedby the GT4 Container.
Theseare: date and time of the reception of the messageand the X509-based

authertication of the senderof the message.

Map Policies: this step de nes the setsof policiesthat must be enforcedfor the

job submission.

Policiesenforcemeti this stepenforceghe setof policiesde ned in the previous

step.
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Synchronous Behaviour

Reject Submit
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Get Log @ Get Output and Log é
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Figure 4-6: Actions performedby the AsynchronousJob SubmissionProcessor.

Enforce Policies

Job Submissionand execution

Policy Processor

Action Processor Provider
Acceptance - Acceptance
Map Policies - | Policies Mapper

JS Provider

Billing - Billing

Table 4.1: Action to Provider map in the Job Asynchronous Processor.

Job Submissionand execution: these steps perform the usual actions needed
for an execution of a job sud as submission,status ched, logging and out-
put retrieval. The submissionof the job is the last action performedin the

syndronous part.

Billing: this step updatesthe consumptionrecords.

All theseactionsare marked as external; whenthey areto be performedthen the
managerattempts to nd a proper provider. Table4.1shovsthe mappingperformed.

All but the Policy Processor are simple providers that perform atomic actions.
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Action | Processor Provider
Authentication - | Authentication Provider
Allo cation - ResourceExpert
Value - Value Expert
Authorization - Authorization Expert

Table 4.2: Actions to Providers map for the Policies Processor.

The policy processoron the other hand, can enforcepoliciesin a exible order that
can descrite di erent priorities and inter-dependencies. The current behaviour of

this policy processoris shovn in Figure 4-7.

Authentication @ 1
Allocation @ é
Value @ g
Authorization

_ Y

Figure 4-7: Actions performedby the Policies Processor.

Again, asall the actions of this processorare de ned as external, the manageris
responsiblefor nding a suitable provider. Table 4.2 showns the mapping performed.
Someof these providers sud asthe Value Expert and the Authorization Expert
avail themseles of other providers. The Value Expert usesremote Grid4C agens
for the assessmenof the value of resourceswhile the Authorization Expert usesthe
Job Submissionprovider to test the current availability of resources.Finally, many

if not all providers usethe Logger service.
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A production agent:. GT4-GRAM-PGA

The GT4 Gram Production Agent or gt4-gam-pga for the sake of brevity, is a pro-
duction agen that wrapsthe GT4 Grid Resoure Allocation and Managementservice
accessingt through an instance of the WS-GRAM grid servicehostedin the same
GT4 cortainer of the agen. It is an border agentthat connectsthe metagrid regions
with the Grid region hosting Globus.

As for the gLite-wms-ma, the agern reactsto two main setsof messagesaction-
related messagesand control-related messages

The architecture of gt4-gram-pga is shavn in Fig. 4-8; asfor its gLite courterpart
it comprisesa manager four processorsand se\eral providers Dierently from gt4-
gram-pgaonly oneprovider is connectedto an external service:the WS-GRAM, while

there is not a G4C agern for GT4-Gram available yet.

The GT4-GRAM-PGA processors

The processorsare the sameof the gLite-wms-ma agent they are:
The JSSyncPocessor a syndironousinterfaceto the job submissionsystem.
The JSAsyncPiocessor an asyndironousinterfaceto the job submissionsystem

The Policy Processor a syndironousprocessorthat chedks and enforcesall the

policiesrelated to the job submission

The Control Processor a syndironous processorthat cheds the authorization

of messageshat requestmodi cations in the overall policiesof the agert

The GLITE-WMS-PGA providers

The providers are :

The Acceptan@ provider performs somestandard operations at the reception
of the messagesud asloggingthe evert and lling the implicit authertication

data.

The Job Submissionprovider constitutes the main interfaceto the Job submis-

sion system.
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The Job Availability provider cheds if a job can be submitted without per-

forming the submissionoperation.

The Policies Mapper maps messagessenderid and modalities into a set of

policies.

The Allocation Expert enforcesthe policies that de ne the allocation of re-

sources.

The Value Expert enforceghe allocation policiesthat aredescriked asfunctions

of value.
The Logger managesthe log

The Billing Expert updatesand queriesthe consumptionrecordsof the agen.

._Messages | Manager Services

|

\ il |
@ Manager 1

|

- -t T T T |

© | .

‘ |

| !

|

JSSyncProcessor

JSAsyncProcessor

Policy Processor

Control
Processor

Processors

Figure 4-8: Architecture of the gt4-gram-pgaagen. The di erences with the agen
of Figure 4-5residesin the external servicesusedby the JS Provider (GRAM instead
of WMS) and the fact that Value Expert and Billing providers to not use external

services.

The GT4-GRAM-PGA behaviour
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The behaviour of agen gt4-gmam-pga are the sameof that of agen glite-wms-ma

described in section4.2.2.

WebCom-PGA agent

Another middleware that is encompassedby the Sccial Grid Agerts architecture is
WebCom[6(]. It is connectedto the metagrid spacethrough the WebComProduc-
tion Agent or way-pga for the sale of brevity, a production ager that wraps the
WebComwork ow engine. It is an border agent that connectsthe metagrid regions
with the work o w region hosting WebCom. Although it is much more, WebComcan
be considereda edgling grid-enabledwork o w engine. It o ers a non-Von-Neumann
programming model that automatically handlestask syndronization (load balanc-
ing, fault tolerance,and task allocation at the systemlevel) without burdening the
application writer[59].

In WebCom, applications are speci ed as CondensedGraphs (CGs), in a manner
which is independen of the executionarchitecture, thus separatingthe application
and execution ervironmens. CondensedGraphs are a mathematical abstraction
capableof represeting di erent computational modelsin auni ed way. They consist
of nodeswith arcs connectingthem. The nodescan be atomic nodesconsistingin a
singleoperation, or condensedjraphsthemsehes. Thus a condensedyraph consistsof
a seriesof atomic nodesthat describe atomic operationsand a topologythat descrikes
the relations amongthe di erent nodes.

The WebComcharacteristicsallow for two possibleinteractions with Sccial Grid
Agerts. In the rst, WebComis just yet another middleware cortrolled by a Produc-
tion Agent that acceptsjobs expressedas CondensedGraphs. A secondand more
interesting way to integrate Sccial Grid Agerts and WebComis to describe Metagrid
Jobs as CondensedGraphs and then useWebComas a work o w engine.

While not the only possiblesolution, the Uni ed Computational Model [60]known
asCondensedGraphs[58]is ideal for expressingsud work o ws, whereits implemen-
tation (WebCom[60, 48, 67]) allows its executionwith a rangeof evaluation policies,

e.g. eagerlyor lazily.
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To represeh a metagrid job we can use the mathematical model of condensed
graphs and the grid job description languages. In this casethe represetation of a
metagrid job can encompasgwo di erent layers: a topology layer that descritesthe
dependenciesamong the various grid jobs (expressedin CondensedGraphs) and a
grid layer that descritesthe grid jobs. The WebCom production agern canthen be

usedasawork o w enginethat executesa metagrid job in the metagrid ervironmert.

Assessment of value and price

To implemert a exible framework for price and value determination, a WSDM [66]
basedgrid managemen framework, Grid4C [86], hasbeenemployed. Grid4C is the
subject of a thesisby Keith Rochford within my hostreseart groupin Trinity College
Dublin, and this sectionis joint work.

Grid4C [86] is intended for commandand cortrol of grids. At this time, Grid4C
agers have beendeweloped solelyfor the gLite WMS service. This sectiontherefore
appliesonly to this type of middleware.

The interoperability between Sccial Grid Agerts and Grid4C managemenh end-
points allows a two-way exdangeof commandsand information. Grid4C endpoints
can be usedby Sccial Grid Agerts asboth sensorsand actuators on the Grid fabric.
They provide Sccial Grid Agents with information describingthe production param-
etersof the various resourcessuc as averagewaiting time, successate and the like.
The value, and ultimately the price, of the resourcescan then be extrapolated from
thesemeasuredparameters.

The exibilit y of Sacial Grid Agents in implemerting complex sacial topologies
alsoallows for trusted third partiesto perform thesemeasuremets sothat the price
of the resourcescan be acceptedby all those who trust the measuremets actor.

The architecture of the interaction between SGA ageris and Grid4C agerns is
shown in Figure 4-9. The di erent ageris accesshe underlying Grid Serviceghrough
di erent interfaces. SGAsaccesshe glLite WMS functionalities through the JAVA™ API
interfaceswhile Grid4C Managemeih Endpoints employ agens residing on the man-

agedresourcedor data collection and resourceadministration.
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Social Grid Agents Grid4C Agents

PGA [¢———————®» GriddC

Grid Services

Figure 4-9: Interaction architecture among SGA and Grid4C agerts.

SGA agerts employ Grid4C endpoints in order to take advantage of their man-
agemen functionalities and the information they are able to obtain from the Grid
Services. SGA agers have limited interfacesto the Grid Resourceqin the gLite-
WMS casethe interface is currertly limited to the Ul API) and can make exten-
sive use of the information provided by the Grid4C agerns that, on the cortrary,
have much richer interfacesto the Grid services. The information obtained via the
Grid4C agerts is usedto assesshe quality of the servicesand de ne a value both of
the serviceprovider and the speci ¢ servicebeing performed.

As discussedn Section3.3.4the value of a servicecan be de ned asa function of
two di erent setsof metrics: servicemetrics that provide information on the service
and resourcemetricsthat provide information onthe resourceshat have beenusedby
a speci ¢ executionof a service. The value of a serviceis descritkedasV = f (mg; m;)
where mg represeh the metrics of the serviceand m, are the metrics represeting
the actual resourceconsumption. For the speci ¢ caseof the gLite WMS (that is the

testbed for the SGA-Grid4C interaction) the metrics are descrited in Table 4.3:
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ServiceMetrics ResourceMetrics

Operational Status and TCP responsetime The Exit Status for a givenjob ID
AverageWaiting Time for last n Jobs | The Wall-clock Time for a given job ID
AverageWaiting Time sincea given date The CPU count for a givenjob ID
AverageMatch Time for last n Jobs
AverageMatch Time sincea given date
AverageClear Time for last n Jobs

AverageClear Time sincea given date

Percenage of the last n jobs aborted

Table 4.3: Metrics for gLite Workload Managemen System.

A social agent: GLITE-WMS-SGA

The gLite Wms Sccial Agent or gLite-wms-sgafor the sake of brevity, is a social agen
that usesand/or cortrols oneor more gLite Wms Production Agents its architecture
and functionalities are identical to Sacial Grid Agerts that cortrol other production
agerns sud asthe GT4 Gram Production Agents It is a native metagrid agent asit
residesin the metagrid region.

As for a production agen, it reactsto action-related messages&nd control-related
messages

The architecture of gLite-wms-sgais shovn in Fig. 4-10; it comprisesa man-
ager, three processorsand se\eral providers someof which are connectedto external

Production Agents

The GLITE-WMS-SGA processors

The processorsare :

The JPSyncProcessor a syndironous service that performs the purchase of

syndironous execution of jobs.

The JPAsyncProcessor an asyndironousservicethat performsthe purchaseof

asyndironous execution of jobs.

The Policy Processor a syndironousprocessorthat chedks and enforcesall the

133



policiesrelated to the job submission

The Control Processor a syndironous processorthat cheds the authorization

of messageshat requestmodi cations in the overall policiesof the agert

The GLITE-WMS-SGA providers

The providers are :

The Acceptan@ provider performs somestandard operations at the reception
of the messagesud asloggingthe evert and lling the implicit authertication
data. As in all agens, in the caseof a standard GT4 security cortext, the

senderof the messages autherticated by default usingits X509 certi cate.

The DC provider constitutes the interfaceto all Production Agents which are

directly cortrolled.

The PUB provider constitutes the interfaceto all Production Agentswhich are

reacable through a Pub topology.

The SP provider constitutes the interfaceto all Production Agentsthe services

of which can be purchasedthrough a Simple Purchasemedanism.

The Policies Mapper maps messagessenderid and modalities into a set of

policies.
The Price Expert de nes the price asa function of value and sccial relations.
The Logger managesthe log

The EndowmentManager manageghe endavmern of the Agernt. This provider

may be connectedto an external serviceas a bank.

The Discovery Servie seartiesin Markets and Indexes.

The GLITE-WMS-SGA behaviour
As for PGAs, SGAsare deliberately simplein conceptbut their behaviour canbe

complex. Let us examinethe most commonbehaviour of this particular agert.
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|
®J Manager
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JPSyncProcessor

Manager

. Services

JPAsyncProcessor

Policy Processor

Control
Processor
Endowment
Manager
Discovery SP @
. Processors | . Providers |

Figure 4-10: Architecture of the gLite-wms-sgaagert.

A messagesimilar to the one belov will map to an Asynchronous Job Purchase

Processor
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action =

[

name = \"sinple purchase\";
action =
[
nodal ity = \"asynchronous\";
name = \"job execution\";
obj ect =
[
type == \"lcg2\");

The initial sequencef actionsde ned by the JPAsyncProcessorcanbe performed
syndironously asthey are of short and predictable duration.
The sequencef actionsof the asyndironousjob submissionprocessois illustrated

in Fig. 4-11. It comprises:

Acceptance:a preliminary step that writes in ClassAdformat the data that is
implicit by the fact that the messagdiasbeenacceptedby the GT4 Container.
Theseare: date and time of the reception of the messageand the X509-based

authertication of the senderof the message.

Map Policies: this step de nes the setsof policiesthat must be enforcedfor the

job submission.

Policiesenforcement this stepenforceghe setof policiesde ned in the previous

step.
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Acceptance

()
Map Policies @
(%)

Enforce Policies

Synchronous Behaviour

Reject Discovery
Execution
Failure Success 2
2
£
Billing <

Figure 4-11: Actions performedby the AsyndronousJob PurchaseProcessor.

Discovery: this step nds a suitable resourcefor the execution of the service.
The candidate ServiceProviders are determinedand ranked by "Selection Poli-
cies" that are speci c to the Sacial Layer. The discovery step can be simple
when it involves only the Production Agens that are already known to the

manageror more complexand involve external indexing ageris and a market.

Execution: cortrols the executionof the serviceon the provider that waschosen

in the discovery step.

All theseactionsare marked asexternal, whenthey areto be performedthen the
managerattempts to nd aproper provider. Table4.4 shovsthe mapping performed.

All but the Policy Processor are simple providers that perform atomic actions.
The policy processoron the other hand, can enforcepoliciesin a exible order that
can describe di erent priorities and inter-dependencies. The current behaviour of
this policy processoris shavn in Figure 4-12.

Again, asall the actions of this processorare de ned as external, the manageris
responsiblefor nding a suitable provider. Table 4.5 shavs the mapping performed.

The Endowmert managershown if Figure 4-10 may usea remote bank agen. The
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Action Processor Provider

Acceptance - Acceptance
Map Policies - Policies Mapper
Enforce Policies | Policy Processor -
Job Execution - | DC Provider or Pub Provider or SP Provider

Billing - Billing

Table 4.4: Action to Provider map in the Job PurchaseAsyndironous Processor.

Authentication @

Price @
2

Authorization @

Figure 4-12: Actions performed by the Policies Processorin the gLite Wms Sccial

Agernt.

discovery serviceshavn in the same gure may useexternal indexing services.

The Bank

The Bank is a sccial agen that maintains accourts for di erent Sccial Agerts. This
may be required when there is no direct trust link betweenageris or when there is
needof a certralized authority that manageshe amourt of credits available.

The Bank is a native metagrid agent asit residesin the metagrid region.

The architecture of the bank is shown in Fig. 4-13;it comprisesa manager three
processorsand se\eral providers

While a bank can have many di erent ways in which transfers are executedand
accourts are managed,the current SGA bank supports only one simple policy. Any
user can create an accourt that is de ned by an amourt of credits and by a list of

other agens that canlodge or retrieve credits through transactions.
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Action

Processor

Provider

Authentication
Allo cation

Price

Authorization

Authentication Provider
ResourceExpert

Price Expert

Authorization Expert and Endovmert Manager

Table 4.5: Actions to Providers map for the Policies Processorin the gLite Wms

Sccial Agent.

The Bank processors

The processorsare :

The TransactionProcessor a syndironousservicethat manageghe transaction

being requested.

The Policy Processor a syndironousprocessorthat chedks and enforcesall the

policiesrelated to banking

The Control Processor a syndironous processorthat cheds the authorization

of messageshat requestmodi cations in the overall policiesof the agert

The Bank providers
At presem, the only provider that is speci ¢ to a Bank agert is the Accourt man-

agerthat keepstrack of the di erent accourts and performsthe requested authorized

transactions.

Indexing agent

Indexing agerts are exible ertities that o er, asthe name suggests,an indexing

serviee. An indexing servicemay vary depending on the policiesit is de ned by. A

yellow page indexing servicewill list all serviceproviders whosedescription matches
that of the query. By adding price policiesand rangesto the description of the service

and to the queriesa yellow page indexing servicecan be transformedinto a market

where servicescan be ranked by their price.
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Policies Mapper

TransactionProcessor

Policy Processor

Control

Processor

Processors Providers

Figure 4-13: Architecture of a bank agen.

The Indexing Agentis a native metagrid agentasit residesin the metagrid region.
The architecture of an indexing agent is shavn in Figure 4-14; it comprisesa
manager three processorsand seweral providers some of which are connectedto

external Sccial Agents

The Indexing Agert processors

The processorsare :

The Enquiry Processor a syndironous processorthat receiwes, performs and

returns the result of the queriessubmitted to the agen.

The Policy Processor a syndironousprocessorthat chedks and enforcesall the

policiesrelated to indexing.

The Control Processor a syndironous processorthat cheds the authorization

of messageshat requestmaodi cations in the overall policies of the agert.

The Indexing Agert providers
At presen, indexing agens have one speci ¢ provider: the Serviee Manager that

maintain the map of the servicesand their descriptions.
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Figure 4-14: Architecture of an indexing agent. This agen di ers to that of Figure 4-

13in its ServiceManagerprovider that is connectto the external providersit indexes.
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4.2.3 An lllustrativ e top ology

Previous sections(4.2.2,4.2.2, 4.2.2, 4.2.2) descrited the implemenation of some
agerts; this sectionis dewted to the description of an exampletopology that will be
later usedin Section4.3.

This topology is descrited by Figure 4-15;it encompassedwo setsof sacial and
production agens and supports three di erent allocation philosophies:direct control,
Pub and Simple Purchase Scacial Agent SGA; is in cortrol of Production Agent
PGA, and similarly for SGA,, PGA,, SGA; and PGA3;. SGA; and SGA, have a
pub relationship in which they both allow ead other to accesgart of their resources.
Eadh time SGA; is granted accesgo a resourcecortrolled by SGA, (which, in this
case,is PGA)), it increasesthe amourt of resourcesthat SGA, can accessn the
production agers that SGA; is in cortrol of (in this case,PGA;). Finally, Client,
SGA; and SGA; canengagen Simple Purchasetransactionswherea given amourt
of credits is exchangedin return for the servicesexecuted.

The following three sectionsdescrike in detail the messageshat orchestrate the
behaviour of theseageris under three di erent conditions: light worklaad, pub avail-
ability and outsourcing.

In the rst step(stepain 4-16,4-17and 4-18), that iscommonto all the scenarios,
a Simple Purchaserequestfrom agert Client is received by SGA;. SGA; mapsthis

messagdo a set of enforcedpoliciesthat specify:

The price Penf orceq that is to be chargedto Client.
The price Pgytsour ce that is to be paid to SGAs.

How and on which data authertication is to be performed: speci cally how and
which agent's idertities areto be autherticated. In this exampleit is considered
that only the identit y of the senderof the messagéiasto be autherticated and

that the level of authertication o ered by the GT4 corntainer is su cien t.

How the payment is to be performed: speci cally if it must be performedwith

the involvemen of a bank and under what conditions the paymen is to be
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executed. In this examplethe payment doesnot involve a bank and it hasto

be executedupon the successfusubmissionof a job.

How to choosethe resourcedo perform the request: speci cally which require-
mernts must be satis ed by the resourcesand in which order they must be
queried. In this example,requestsfrom Client will be satis ed with resources
chosenin the following order:

{ Directly Cortrolled resources.

{ Resourcesavailable through a Pub topology:.

{ Resourcegurchasedthough a Simple Purchasetopology.

Given these policies, the behaviour of the systemcan be categorizedin the fol-

lowing scenarios.

Direct
Control

|

Simple Purchase Pub

Figure 4-15: Architecture of the exampletopology:.

Light workload

The interactions of the agerts if the resourcethat is directly corntrolled is currertly

under a light workload and complieswith the required execution policies. In this case
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SGA; queriesthe availability of PGA; (stepb), performsthe execution(step c) and
returns the result (step d). (SeeFig 4-16).

\ \ \

a

Figure 4-16: Agent's interaction under conditions of light workload.

Pub availabilit y

The interactions of the agerts if the resourcethat is directly cortrolled is doesnot
comply with the required exeution policies. After queryingthe availability of PGA
(step b), SGA; queriesPGA, and, if the submissionis successfuinstructs the re-
sourceit cortrols PGA; that in exdhangethere are additional resourceghat can be
granted to SGA; in future exchanges.(SeeFig. 4-17).

Simple Purc hase

The interactions of the agerts if both the directly cortrolled resourcesstep b) and
the pub resourceqstep ¢) fail. Then the executionof the serviceis outsourcedwith

a simple purchasetransaction to SGA;. This is describted in step d to stepi. (See
Fig. 4-18)
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Figure 4-17: Agert's interactionsin a pub topology.
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Figure 4-18: Agent's interactions during the outsourcingprocess.
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4.2.4 An Iillustration of Policy Enforcemen t

This section illustrates an example of policies enforcemeh It encompasseshree
agers (Scial Grid Agents Client and SGA and the Production Grid Agent PGA)
that cortrol the accesdo a Grid resource(the ServiceProvider SP).

This exampleencompassethe v e di erent stepsillustrated in Figure 4-19.

b d

Figure 4-19: Policiesand modalities enforcemen

Step a: Social Request

In stepa, agen Client requeststhat SGA1 executesa servicewith two modalities:

A Scial Modality (4.2) stating that the maximum price that the Client is
willing to pay is 100 units

An Execution Modality (4.1) stating that metric 2 (in Figuresit is referredto

asm, for the sake of brevity) must be greaterthan 50 units

Metric, 50 4.1)
Price 100 (4.2)

Thesemodalities (4.1 and 4.2) de ne the subspacedllustrated in Figure 4-20and
are described by the ClassAd expressionof Figure 4-21.

Step b: Mapping of Social Policies

In stepb, agert SGA1 mapsthis requestto the following set of policies:

A Saial Policy (4.3) stating that the pricing policy that is applied to agert

Client consistsof a Gain of 5% of the price (a prot margin).
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Execution Social

m | price |

price < 100

— —
-

Any other metric Any other metric

Figure 4-20: Subspacede ned by the modalities requestedby the Client.

A Scial Policy (4.4) stating that the price is to be calculatedasthe value plus

the gain.

Gain = 0:05 Price (4.3)
Price = Value+ Gain (4.4)

The ClassAdexpressiorresulting from the mapping of the Sccial Policiesin Agert
SGALlis describked in Figure 4-22.
Step c: Enforcemen t of Social Policies

In stepc, agent SGA1 enforcesa setof policiesthat are a combination of the modal-

ities requestedby the Client and the policiesthat SGA1 appliesto Client.

A Scial Policy (4.6) stating that the enforcedprice is the one that was re-

guestedby the Client

A Scial Policy (4.7) stating that the price is to be computedaccordingto the
policiesde ned by SGA1

A Scial Policy (4.7 and 4.8) stating that the price must comply to the policies
de ned by SGA1
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Thesepolicies(4.5,4.6,4.7and 4.8) de ne the subspacallustrated in Figure 4-23

and constitute the modalities with which SGA1 requeststhe servicesof agen PGAL.

The ClassAdexpressiondescribingthis is illustrated in Figure 4-24.

M etric, 50
Price 100
Gain = 0:05 Price

Price = Value+ Gain

Step d: Mapping of Pro duction Policies

(4.5)
(4.6)
(4.7)
(4.8)

In stepd, agent PGAL receivwesa requestfrom agert SGA1 and mapsthis requestto

the following set of policies:

A set of Production Policy (4.9 and 4.10) stating bounding metrics a and b to

be lessthan 10 and 100 units.

A Production Policies (4.11) that de ne how the value must be computedfrom

the metrics.

A Production Policy (4.12) that de ne how the value of the servicemust be

computed from the metrics.

A Production Policies (4.13) that de ne a clause(independent from that in-

ferred from price) on the maximum value that can be allocated.

metric;, 10

metric, 100

value= 10 metric; + 2 metric, + valueservice
valu€service = 10+ metrics

value 200

Thesepoliciesare descrited in the ClassAd expressionof Figure 4-25.
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Step e: Enforcemen t of Pro duction Policies

In stepe, agert PGA1 enforcesa set of policiesthat are a conbination of the modal-

ities requestedby agert SGAL and the policiesthat PGAL appliesto SGAL.

An Allocation Policy that enforcesthe allocation policiesrequestedby PGAL.

A Value Policy stating that both value modalities and value policies must be

respected.

Thesepolicies de ne the subspacesllustrated in Figure 4-27. The ClassAd ex-
pressiondescribingthis is shovn in Figure 4-26

Finally all the policiesare conbined together to de ne the Execution Modalities
that describe the executionrequestthat agert PGAL forwardsto the ServiceProvider

SP it is in cortrol of.

metric, 50 (4.14)

Price 100 (4.15)

Gain = 0:05 Price (4.16)

Price = Value+ Gain (4.17)

metric; 10 (4.18)

metric, 100 (4.19)

value= 10 metric; + 2 metric, + valueservice (4.20)
valu€service = 10+ metrics (4.21)

metric; 200 (4.22)

Thesemodalities de ne the subspaceof Figure 4-28.
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Social = [

Modaljitie
Price = [
Max = 100

17

Policies = [

17
Enforced = [

17
Production = [
Modalities = [
Allocation = [

1;

Value = [
]

17

Policies = [

17
Enforced = [

Execution = [
Requirements = other.m2>50

1

Figure 4-21: ClassAd Expressionde ning the modalities requestedby the Client.
The ovals highlight the parts of the code that de ne the subspaces.
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Modalities = [
Price = [

Gain = Enforced.Price.Max/20;
Price =

Production.Enforced.Value.Value+Policies.Price.Gain;
Clause = Policies.Price.Price<=Enforced.Price.Max

]

17

Enforced = [
Price = [

Max = Modalities.Price.Max;
Price Policies.Price.Price;
Clause = Policies.Price.Clause

]
1

Production = [

Modalities = [
Allocation = [
17
Value = [
]

17

Policies = [

1;
Enforced = [

17
Execution = [
Requirements = other.m2>50

]

Figure 4-22: ClassAdexpressiorafter the sccial policiesmapping.The ovals highlight
the parts of the code that de ne the subspaces.
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Execution Social

%

price f price = value + 0.05*price

price < 100

Y

m value

Figure 4-23: Subspaceade ned by the sccial policies.
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Modalities = [
Price = [
Max = 100
1
1
Policies = [
Price = [
Gain = Enforced.Price.Max/20;
Price = Production.Enforced.Value.Value+Policies.Price.Gain;
Clause = Policies.Price.Price<=Enforced.Price.Max

]
17
Enforced = [
Price = [
Max = Modalities.Price.Max;

Price Policies.Price.Price;
Clause = Policies.Price.Clause
1
1
Production = [
Modalities = [
Allocation = [

alue = [
Clause = true&&Enforced.Value.Value+100/20<=100

Policies = [

1;
Enforced = [

17
Execution = [
Requirements = other.m2>50

]

Figure 4-24: ClassAd expressionafter the sacial policies enforcemeh The ovals
highlight the parts of the code that de ne the subspaces.

153



Modalities = [
Allocation = [

17
Value = [
Clause = true&&Enforced.Value.Value+100/20<=100
1
1
Policies_=
location = [

mlMax = 10;
m2Max = 100;
Clause =
other.m icies.Allocation.mlMax&&other.m2<=Policies. ation.m2Max

00;
Value other.ml*10+other.m2*2+Policies.Value.Service;
Service = 10+other.m3;

Clause = Policies.Value.Value<=Policies.Value.Ma

]

1

Enforced = [

Allogca#tdn = [
mlMax = Policies.Allocation.mlMax;
m2Max = Policies.Allocation.m2Max;
Clause = Policies.Allocation.Clause

17

Value = [
Value = Policies.vValue.Value;
Clause = Policies.Value.Clause&&Modalities.Value.Cl=

1
Execution = [
Requirements = other.m2>50

]

Figure 4-25: ClassAd expressionafter the production policies mapping. The ovals

highlight the parts of the code that de ne the subspaces.
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Modalities = [
Allocation = [

1;
Value = [
Clause = true&&Enforced.Value.Value+100/20<=100
1
17

Policies = [
Allocation = [
mlMax = 10;
m2Max = 100;
Clause = other.ml<=Policies.Allocation.mlMaxé&&other.m2<=Policies.Allocation.m2Max
1;
Value = [
Max = 200;
Value = other.ml*10+other.m2*2+Policies.Value.Service;
Service = 1l0+other.m3;
Clause = Policies.Value.Value<=Policies.Value.Max
1
1
Enforced = [
Allocation = [
mlMax = Policies.Allocation.mlMax;
m2Max = Policies.Allocation.m2Max;
Clause = Policies.Allocation.Clause
1;
Value = [
Value = Policies.Value.Value;

Clause = €5.vValue.Clause&&Modalities.Value.Clause

Execution = [
Requirements =
other.m2>50&& (other.ml<=10&&other.m2<=100) && (other.ml*10+other.m2*2+ (10+other.m3)<=200&& (true&&other.m1*10+
other.m2*2+(10+other.m3)+100/20<=100))
1

Figure 4-26: ClassAdexpressiorafter the production policiesenforcemen The ovals

highlight the parts of the code that de ne the subspaces.

Execution Production

Social

value = 10*m1 + 100*m2 + 10 + m3

value < 200
m, price A price = value + 0.05*price
—~m, < 100
price < 100
m, > 50
m <10 m m

! 1 ! value
value = 10*m1 + 100*m2 + 10 + m3
price = value + 0.05*price
price < 100

Figure 4-27: Subspacede ned by the production policies.
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value = 10*m1 + 100*m2 + 10 + m3

value < 200 Social

price price = value + 0.05*price

price < 100

value

value = 10*m1 + 100*m2 + 10 + m3
price = value + 0.05*price

price < 100

Figure 4-28: Subspacede ned by the executionpolicies.
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4.3 EXxp eriments

The most immediate researb questionsthat should be answered can be informally
stated as: Do Scial Grid Agentsdegrade the performance of resources they control
? How salableare Saial Grid Agents? and, nally How do they behave? In order

to answer thesequestions,three experimerts will now be described.

4.3.1 Reliabilit y and E ciency

The reliability and e ciency experimerts aim at answering the rst set of researt
questions. To assesghe level of degradation of the serviceinduced by the agens
| setup an experimert with the abstract testbed describted in Figure 4-29. Here a

Tester submits workload to a resourcethrough three di erent paths:
The Direct Submissionwherethe workload is submitted directly to the resource.

The Production Accesswherethe workload is submitted through a Production

Agernt.

The CompleteTopology wherethe workload is submitted through a Sccial and
a Production Agen.

For ead of the submissionpaths, four di erent metrics are gathered:
The SubmissionReliability that is the perceriage of jobs successfullysubmitted.
The SubmissionTime that is the averagetime it takesto submit a job.

The SubmissionE ciency that is the perceriage submissiontime relative to

Dir ect Submission Time

the submissiontime for direct submission,calculated as Atial S ubmresion s

The Execution Reliability that is the percenage of jobs successfullyexecuted.

Theseset of experimerts wererun on the gLite border.
Figure 4-30shonsthe real testbed that wasusedto evaluate the gLite border. The
Workload was submitted from a macdhine (tgui.testgrid) that hoststhe UserInterface

of the TestGrid [3]] infrastructure available in my host researt group.
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Figure 4-29: Abstract view of the reliability and e ciency experimerts.

The ageris were hostedin the GT4 cortainers of two di erent XEN [24] virtual
madines (Icg2-b1 and gt4-b1) hosted on a madine called tg18 (a Tyan Tomcat
motherboard with a 2.4 GHz Intel P4 CPU, 2GByte of memory, and 1Gbpsnetwork
interface).

Tables4.6, 4.7 and 4.8 recapitulate the data showing that the degradationintro-
ducedby the Sacial Grid Agerts is acceptablefor a prototype.

Appendix A cortain detailed graphsof the experimerts in FiguresA-1, A-2, A-3
and A-4.

Submissionand Execution Reliability areboth una ected and only the Submission
E ciency wasdegradedby up to 10%.

The reasonthe SubmissionE ciency linearly degradeswith the number of con-
secutive jobs is that newthreadsfor managersand processorsare issuedead time a
job is received and at leastoneprocessotthread runs until the job is completed. Con-
secutive submissionghus result in a linearly increasingworkload responsiblefor the
degradationof the service. This characteristic is alsoresponsiblefor the degradation
of the E ciency in the experimert in section4.3.2.

It isworth noticing that the result of 98% 4% referredto in Table4.8obtainedin
the 100jobs experimert with the direct submissionwas due to a temporary problem

in the TestGrid middleware.
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M etrics | Dir ect Submission Production | Complete Topolbgy
SubmissionReliability 100% 0% 100% 0% 100% 0%
SubmissionTime 7.79 0.23sec| 8.21 0.19sec 8.35 0.23sec
SubmissionE ciency 100.00% 94.89% 93.36%
Execution Reliability 100% 0% 100% 0% 100% 0%

Table 4.6: Degradation of serviceon the gLite border (10 consecutie jobs repeated

5 times).

M etrics | Dir ect Submission Production | Complete T opolbgy
SubmissionReliability 100% 0% 100% 0% 100% 0%
SubmissionTime 7.92 0.30sec| 8.40 0.32sec 8.78 0.08sec
SubmissionE ciency 100.00% 94.25% 90.84%
Execution Reliability 100% 0% 100% 0% 100% 0%

Table 4.7: Degradation of serviceon the gLite border (50 consecutie jobs repeated

5 times).

M etrics | Dir ect Submission Production | Complete T opolbgy
SubmissionReliability 100% 0% 100% 0% 100% 0%
SubmissionTime 7.85 0.15sec| 8.62 0.58sec 8.99 0.67sec
SubmissionE ciency 100.00% 91.05% 87.35%
Execution Reliability 98% 4% 100% 0% 100% 0%

Table 4.8: Degradation of serviceon the gLite border (100 consecutie jobs repeated

5 times).
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Figure 4-30: Abstract view of the reliability and e ciency experimerts.
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4.3.2 Scalabilit y

These scalability experimerts aim at demonstrating how well the current of Sccial
Grid Agerts canbe scaledwith regardwith: the number of concurrert clients, number
of ageris and number of resource.

The current implemenation consistsin a one-to-onemapping of a production
agern to aresource,thus the main questionto be addresseds the scalability of one
agen with regardto the numbersof concurrer requestsit receivesfrom other agens
(modelled as clients).

The experimerts consistsof the sameexperimert run in two di erent testbeds:
a Real Testled consistingof a completeagert with its GT4 skeleton and a Synthetic

Testked that tests only the architecture of the agert's behavioural engine.

Real Testbed

The abstract experimert testbed is shovn in Figure 4-31.

Clients

GT4 Container

e

R

Figure 4-31: Testbed for the scalability experimert.

The agern capability to servicerequestsis testedthrough the analysisof reliability

(percenage of failed actions) and e ciency (time neededo perform actions) metrics.
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Parameter Value
Experimert duration 300seconds|
Averageof client delay 2 seconds
Standard Deviation of client delay 1 second
Averageof test agert executiontime 2.5 seconds
Standard Deviation of test agen executiontime 2.5 seconds
Workload | From 0 to 100 concurrert clients

Table 4.9: Parametersof the scalability experimert.

As the only technology commonto all agerts is their GT4 skeleton, this experimert
utilizes a test agent that doesnot rely on any additional technology The test agen
performsan action that hasa random duration. The testbed consistsof a client load
that simulates a population of other independen agers trying to connectto the
test agen. Each of theseclients is an independen thread that will connectto the
test agen; it will delay for a time that is a parameter of the experimert and then it
will connectagain. The delay time for eat client is computed randomly to ensure
a uniform workload; the averageand standard deviation of this delay are two of the
parametersof the example.

One of theseclients is an instrumented client that keepstrack of reliability and
e ciency of eat call and then savesthe related data to les.

The experimert was executedwith the parametersin Table 4.9:

The execution time ranging from 0 to 10 secondscover the execution time of
most actions taken by SGAs, the duration of the experimert (300 seconds)is long
enoughto gather data with statistical relevance. The Client delay ranging from 1 to
3 secondsallows for a workload with reasonablestatistical characteristics.

The experiments results are summarizedin Table 4.10. Appendix B details the
experimert metrics in graphsB-1, B-2, B-3 B-4.

These results highlight that the e ciency with which the ageris react to the
increasingnumber of clients degradeslinearly and it is mainly due to the dispatch

time (the time that it takesfor the messagéo read the service). The reliability was
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N umber of Clients E xecution Time Total Time
1| 226 1l42seconds| 1:51 1:43seconds
10| 220 1:21seconds 3:04 3:23seconds
50| 2:31 1:26seconds 1303 2:85seconds
100| 262 1:42seconds 26:32 9:54 seconds

Table 4.10: Results of the scalability experimert.

not a ected by the increasingnumber of parallel clients as all messagesvere replied
to.

The degradation of executiontime is relatively small (15% for 100 concurren
accesses)this shaws that the native agern architecture copes reasonablywell with
an increasingparallel workload. On the other hand, the dispatch time is se\erely
degraded. This is mainly due to three reasons:the startup time of the concurren
threads of the managersand processorsthe operations that are performed by the
GT4 container ead time a messagds received, and the increasedworkload given
by the threads that are already running. To investigate which one of these three
reasonsis the most relevant, another experimert run without the GT4 container is
detailed in Section4.3.2. This e ect is related to that of experimernt 4.3.1 but the
overload causedby the selectionand startup of the processorsand by the operations
performed by the GT4 cortainer is more seere than the overload causedby those
threads that are already running, therehy resulting in a greater degradation of the
responsetime.

As the current implemertation of Sccial Grid Agerts is composed of a small
number of agers this is not a sewere problem but it will certainly be much more

problematic in larger topologiesand hasthusto be further investigatedand solved.

Synthetic Testbed

In order to conrm that the degradationis mainly causedby the GT4 cortainer, a
syrthetic testbed was createdthat excludedGT4. As for the experimert on the Real

Testled (seesection4.3.2), the agert capability to servicerequestsis tested through
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Parameter Value

Experimert duration 600 seconds

Averageof client delay 2 seconds

Standard Deviation of client delay 1 second

Averageof test agert executiontime 2.5 seconds

Standard Deviation of test agen executiontime 2.5 seconds

Workload

From 100to 1000concurrert clients

Table 4.11: Parametersof the large scalability experimert on the syrthetic testbed.

the analysisof reliability (percenage of failed actions) and e ciency (time neededto

perform actions) metrics.

Two sets of experimerts were executedto assesshe scalability of the agen's

behaviour engine: a small scaleexperimert with the sameparametersasfor the real

testbed experimernt (seetable 4.9) and a larger scaleexperimert with the parameters

shawvn in Table4.11.

The syrthetic testbed was implemerted in the Eclipse [7] dewvelopmen platform

hostedon a 1400Mhz Intel™ Pertium ™ M processomwith 1 GB of memory running

Windows XP Professional.

Detailed resultsfor the small scaleexperimert resultsare shavn in the graphsC-

1, C-2, C-3 C-4 of Appendix C.

Theseresults shov how at a small scaleof accesse$l to 100 concurrent cliernts)

the Execution Time remainsalmost constan; the Dispatch Time increasewith the

number of concurrent accessess presem but much smallerthan for the real testbed

and the Return Time is negligible. In the syrthetic testbed the increaseis much

smallerbecauset lacks all the additional operations performedby the GT4 corntainer

at the reception of messages.

The Return Time is negligiblein the syrthetic ervironmernt becauset just consists

of function returns and in the serialization/deserializationof the message.

Detailed results for the larger scaleexperimert results are shovn in graphs C-

5, C-6, C-7 C-8 of Appendix C.
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They shov how the Dispatch Time increasessigni cantly in the scalefrom 100
to 1000concurren clients. This highlights that the current architecture is capableof
supporting up to a few hundred concurrent messagesvithout too much degradation

of its responsetime.

Large Scale ClassAd Maps

A key componert of Sccial Grid Agerts is the ClassAd Mapper (seesection3.7.1).
As this componert is usedextensiwely it is important to assessts scalability. The
testbed of this experiment is the sameasfor section4.3.2

This experimernt usesa test ClassAd Mapper that maps simple RecordExpr ex-

pressionthat cortain a singlevalueto a simple object (an instanceof a String class).

[
key = 12345;
Requi rements = true;

Rank = 1;

The map is lled with keys ranging from 0 to the maximum map size and is

queriedwith a RecordExpr expressionthat matchesonekey:.

[
Requi renments = other. key == 12345;

Rank = 1;

The metrics of the experimert are the time that is neededto create the ertire
ClassAdMapper and the time neededto retrieve a randomentry. The parametersof
the experiment are shavn in Table 4.12

The resultsof the experimert areshowvn in Figure 4-32and 4-33;both the creation
and the query time remainreasonabldan the exploredrange. The longesttime needed
to createa map with 100,000entries was 9.033secondsand the longesttime needed
to retrieve an ertry was 2.524seconds.The linear increaseof the creationtime is due

to the loop neededto insert all the ertries into the map whilst the linear increasein
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Parameter | Value

Minimum Size 1000
Maximum Size| 100000

Number of Iterations 10

Table 4.12: Parametersof the scalability experimert on the ClassAd Mapper.

the query time is dueto the fact that a match-make operation is to be performedon
eat key of every ertry until a match is found.

The ClassAd RecordExpr composingeat key was, in this experimert, very sim-
ple; the behaviour of ClassAd Mappers of higher complexity will conmbine the linear
behaviour highlighted with this experimert with a characteristic of the ClassAdlan-
guage:the fact that "... a (ClassAd) expressioncan be evaluatel in time proportional

to the size of the expression” [56].

Creation Time of a ClassAd Map

y =0.0878x-118.39

10000
-]
5 B
. -
B
]

1000

100
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Size of the Map (Number of Entries)
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Figure 4-32: Creation Times for a Large ScaleClassAd Map.
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Query Time of a ClassAd Map
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Figure 4-33

: Query Times for a Large ScaleClassAd Map.
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4.3.3 Agent behaviour

The behaviour experimerts aim at demonstrating how di erent topologiesof Sccial
Grid Agents can enforce various resourceallocations. This set of experimerts is
focusedon three di erent topologies:the Simple Producer, the Pub and the Simple

Purchase.

4.3.4 First behaviour experiment

A workload is submitted to an agen that belongsto all three topologies. The agert's
behaviour is determined by a policy that stateswhich resourceis to be chosen rst
and, consequetly, which topology is to be preferredunder di erent conditions.

The abstract testbed for the experimert is illustrated in in Figure 4-34. The
testbed is composed of six agerts of which three are Production Agernts (PGAL,
PGA2 and PGA3) and three are Sccial Agens (SGAL SGA2 and SGA3).

Experiment Metrics Agent's relations
Workload ——»  Simple Producer
rrrrrrrrrrrrrrrrrrrrrrrr = Pub
Endowment

— — —»  Simple Purchase

IR

Pub Credit \

. Grid
ACl2 "] Resource
| Ly \
esource
|
PGA3 - lrid
esource

Figure 4-34: Testbed for the behaviour experimert.
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Exp eriment Topologies

The ageris are arrangedin four di erent topologies:

the Simple Producer relationship consistsof a Scacial Agent in cortrol of a
Production Agert. If this is the only relationship an agen belongsto, then the
agert canonly faceaworkload lessor equalto the resourcest isin cortrol of. In
the testbedthere arethree of theseSimple Producer relationshipsencompassing
SGA1 with PGA1, SGA2 with PGA2 and SGA3 with PGAS.

the Pub relationship consistsof a set of social agerts, SGA1 and SGA2, that
"lend" to ead other part of their resource?GA1 and PGA2. Each of the actors
allow for a certain "credit" to ead of the other "pub friends". This topology
that allows load balancingwhen the di erent workloadsdo not syndironously
encompasghe four ageris SGAL, SGA2 PGALl and PGA2.

the SimplePurchaseconsistsin the purchaseof the neededservicesan economic
scenariothat ertails the transfer of credits. This topology allows leverage of
heavy workloadsonly in the casethat the agen that is purchasingthe resources
hasa su cient endovmert. This relation encompasseswo couplesof agers:
Client with SGA1 and SGA1 with SGAS.

Agent Policies

Sccial Grid Agert 1
Agent SGA1 choosesbetween its resources(PGA1 which it directly cortrols,
PGA2 which can be reated through a Pub agreemeh and PGA3 which can be

purchased)asdictated by the following policies.

Price Policy: statesthat the resourcecan be usedby anybody provided that

the o ered price is su cient (10 credits per submission).

Execution Policy enforcedon Production Agent PGAL: this policy statesthat
the resourcecan be used on the condition that at least one job slot is left

available.
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Seletion Policy enforcedon Sccial Agent SGA1L: this policy statesthat the
rst resourceto be usedis the onethat is directly cortrolled (PGA1), then the
onethat is accessibleghrough pub relations and nally , asa last resort, it can

be purchased.

Production Grid Agert 2
Agent PGA2 acceptsor not jobs from SGAL basedon the following policies:

Execution Policy: statesthat the resourcecan be usedon the condition that

at least onejob slot is left available.

Authorization Policy: statesthat the resourcecanbe usedby SGAL only if the
"Pub Credits™ are greaterthan zero. Each time it performsa job on behalf of

SGAL the amourt of its tokensis decreasedy a unit.

Sccial Grid Agert 3
Agent PGA2 acceptsor not jobs from SGA1 basedon the following policies:

Price Policy: statesthat the resourcecan be usedby anybody provided that

the o ered price is su cient (10 credits per submission).

Exp eriment Initial Conditions

The experimert wasperformedusingthe TestGrid [31]infrastructure available in my

host researt group. The initial condition of the testbed were:

SGA1 Endowmentwas setto 100 credits.
SGA3 Endowmentwas setto O credits.

PGA2 Tokeng was setto 5 units.

Tokensare introducedin 3.2.2, they represert the number of job submissionsthat an agert is

granted in a Pub topology
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This set of initial condition was chosento explore all the possiblebehaviours of
the agens. The Direct Control executionpolicieswas setto always leave a free slot
sothat on averageit would not su ce, Pub tokenswere setto a low number (and
not zero) sothat they could be usedbut not su ce for heary workload leaving the

Simple Purchaseas the last viable choice.

Exp eriment Results

The resultsof the experimert arerecapitulatedin Figure 4-35that shavsthe four sets
of metrics that were collectedduring the experimert and in Figure 4-36,a graphical
summary of the behaviour of the ertire topology during the experimert. There are
three main phasesof the experimert: Appendix D contains Figures D-1, D-2, E-
2 and D-4 that descrile in greater detail the various metrics gathered during the
experimernt.

Figure 4-35shaows the four setsof metrics that were collectedduring the experi-

mert.
The workload? is represeted by the graph on the left of the image.

The endowmentof agentSGAL is represeted by the graph that is immediately
right to the workload.

The endowmentof agent SGAS is represeted by the graph on the bottom of

the image.

The numkber of tokensgranted to agentSGAL by agentPGA?2 is represeted by
the graph on the top of the image.

Figure 4-36is a graphical summary of the behaviour of the ertire topology during

the experimert. There are three main phasesof the experimert:

In phaseA the workload of agent SGA1 can be met entirely by the resource
(Production Agent PGAL1) it isin cortrol of. As speci ed by its Seletion Policy

all jobs are then executedby this resourceuntil onejob slot remainsfree.

2The workload represerts the overall amount of job submissionsthat the agert copeswith
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During phaseB the directly cortrolled resourcePGA1 doesnot match any more
the executionpolicy of having one free job slot. The SelectionPolicy dictates
that, in this case,the Production Agert PGA2 that can be readed through a
Pub topology hasto be used. This behaviour is sustainableuntil the number

of tokensgranted is greaterthan zero.

During PhaseC the pub resourceis not available any more and the Selection
Policy dictates that a Simple Purchasetopology is to be used. As the price
paid to perform the executionto agennt SGA3 is the samethat the Client paid
to SGAL the endovmert of SGA1 remains constart while the endovmert of

SGA3increases.

This experimert shoved how SGAs can be part of di erent topologiescharacter-
ized by di erent sacial rules and that they behave accordinglyto policiesthat de ne
executionmodalities, sacial and economicparameters.

Agent SGALlis part of threedi erent topologies:Direct Control, asccially inspired
Pub topology and a market-driven Simple Purchasetopology.

It is possibleto analyzethe advantage of belongingto di erent topologies(so-
cieties) by consideringwhat would have happenedhad SGAL1 belongedto only one

topology

Direct Control. Had SGA1 belongedto just a Direct Control topology and
thus able to submit jobs only to the resourcest directly cortrols it would have
had to either relax its executionpolicieseither allowing the completeuseof its
resourcesand/or the queueingof morejobs (acceptinglongersubmissiontimes)

or it would have had to renouncethe executionof someof its jobs.

Pub: Had SGAL beenpart of only a Pub topology it would have beenable
to submit jobs only if granted enoughtokensby SGA2. This casehappens
when the workloads of the di erent agenis encompassedn the pub topology
are out of sync so that the pub credits accunulated during the peak of one
of the workloads can be claimed during the other. Clearly, if the workloads

happen at the sametime the pub topology is not of help.
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Simple Purchase Had SGA1 beenpart of only a Simple Purchasetopology,

then it would have beenable to submit its jobs if and only if its endavmernt

was su cien t.

By being able to encompasdli erent topologiesand thus exposedi erent sccial
behaviours SGA1 can take advantage of its "social relations" and its capability of

coping with unexpectedworkloads grows with the richnessof its sccial environment.
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Figure 4-35: Relationsamongthe di erent metrics of the rst behaviour experimert.
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Figure 4-36: Main metrics of the rst behaviour experimert.
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4.3.5 Second behaviour experiment

The testbed is similar to that of section4.3.4with the di erence that there are two
simple purchaserelations. The latter, being more expensiw, is usedonly as a last
resort resource.

The abstract testbed for the experimert is illustrated in in Figure 4-37. The
testbed is composed of eight agens of which four are Production Agens (PGAL,
PGA2, PGA3 and PGA4) and four are Sccial Agerts (SGA1l, SGA2, SGA3 and
SGA4).

Experiment Metrics Topologies
Workload ——m»  Simple Producer
rrrrrrrrrrrrrrrrrrrrrrrr = Pub

Endowment \ — — —»  Simple Purchase
Pub Credit
o| Grid
PGA2 "] Resource

esource
/

IR

/
- Grid
/ @ R Resource
(
\ .
PGA4 > Grid
Resource

Figure 4-37: Testbed for the secondbehaviour experimert.

Exp eriment Topologies

The agerts are arrangedin four di erent topologies:
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the Simple Producer relationship encompasseSGA1 with PGA1, SGA2 with
PGA2, and SGA3 with PGA3.

the Pub relationship encompasseshe four agens SGAl1, SGA2 PGAl and
PGA2.

the Simple Purchaseencompassethree couplesof agerts: Client with SGAL
SGAL1 with SGA3 and SGA1 with SGA4

Agent Policies

Sacial Grid Agert 1
Agent SGA1 choosesbetween its resources(PGA1 which it directly cortrols,
PGA2 which can be readed through a Pub agreemeh and PGA3 which can be

purchased)asdictated by the following policies.

Price Policy: statesthat the resourcecan be usedby anybody provided that

the o ered price is su cient (10 credits per submission).

Execution Policy enforcedon Production Agent PGAL: this policy statesthat
the resourcecan be used on the condition that at least one job slot is left

available.

Seletion Policy enforcedon Sacial Agert SGAL: this policy statesthat the rst

resourceto be usedis the onethat is directly cortrolled (PGA1), then the one
that is accessibleghrough pub relations, then it can be purchasedat the same
price for which it was bough and nally , asa last resort, it can be purchased
from the more expensiwe resourcebut on the condition that the endovmert be

above a certain threshold.

Production Grid Agert 2
Agent PGA2 acceptsor not jobs from SGA1 basedon the following policies:

Execution Policy: statesthat the resourcecan be usedon the condition that

at leastonejob slot is left available.
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Authorization Policy: statesthat the resourcecanbe usedby SGAL only if the
"Pub Credits™ are greaterthan zero. Each time it performsa job on behalf of

SGA1 the amount of its tokensis decreasedy a unit.

Sacial Grid Agert 3
Agent PGA2 acceptsor not jobs from SGA1 basedon the following policies:

Price Policy: statesthat the resourcecan be usedby anybody provided that

the o ered price is su cient (10 credits per submission).

Sccial Grid Agert 4
Agent SGA4 acceptsor not jobs from SGAL basedon the following policies:

Price Policy: statesthat the resourcecan be usedby anybody provided that

the o ered price is su cient (12 credits per submission).

Exp eriment Initial Conditions

The experimernt was performed using the TestGrid infrastructure [31]. The initial

condition of the testbed were:

SGA1 Endowmentwas setto 100 credits.
SGA3 Endowmentwas setto O credits.
SGA4 Endowmentwas setto O credits.

PGA2 Tokens was setto 5 units.

This set of initial condition was chosento explore all the possiblebehaviours of
the agers. The Direct Control executionpolicy was set to always leave a free slot
sothat on averageit would not su ce, Pub tokenswere setto a low number (and

not zero) sothat they could be usedbut not su ce for heary workload, leaving the

3Tokensare introduced in 3.2.2, they represer the number of job submissionsthat an agert is

granted in a Pub topology
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two Simple Purchaserelations asthe last viable solutions. Thesesettings are similar
to thoseof 4.3.4with two di erences: rstly the workload is incremered sothat the
topology of 4.3.4 which is a subsetof this one, is not su cient. Secondlya fourth
agernt (SGA4) with resourcesthat are kept ready is connectedthrough a Simple
Purchaserelation that o ers them at a higher price (12 credits per submission). This
is to allow SGA1to sort the purchasewith regard of cost, thus using the servicesof

SGA4 as a last resort.

Exp eriment Results

The resultsof the experimert arerecapitulatedin Figure 4-38that shavsthe four sets
of metrics that were collectedduring the experimert and in Figure 4-39,a graphical
summary of the behaviour of the ertire topology during the experimert. There are
three main phasesof the experimert: Appendix E conains Figures E-1, E-2, E-3,
E-4 and E-5 that descrike in greater detail the various metrics gatheredduring the

experimernt.

The workload* is represeted by the graph on the left of the image.

The endowmentof agentSGAL is represeted by the graph that is immediately
right to the workload.

The endowmentof agent SGAS is represeted by the graph on the top of the

image.

The endowmentof agentSGA4 is represeted by the graph on the bottom-right

of the image.

The numter of tokensgranted to agentSGAL by agentPGA2 is represeted by
the graph on the bottom-left of the image.

Appendix E cortains FiguresE-1, E-2, E-3 and E-5 that descrike in greaterdetail

the various metrics gatheredduring the experimert.

4The workload represerts the overall amourt of job submissionsthat the agert copeswith
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Figure 4-39is a graphical summary of the behaviour of the ertire topology during

the experimert. There are three main phasesof the experimert:

In phaseA the workload of agent SGA1 can be met ertirely by the resource
(Production Agent PGAL1) it isin cortrol of. As speci ed by its Seletion Policy

all jobs are then executedby this resourceuntil onejob slot remainsfree.

During phaseB the directly cortrolled resourcePGA1 doesnot match any more
the executionpolicy of having one free job slot. The SelectionPolicy dictates
that, in this case,the Production Agent PGA2 that can be readed through a
Pub topology hasto be used. This behaviour is sustainableuntil the number

of tokensgranted is greaterthan zero.

During PhaseC the pub resourceis not available any more and the Selection
Policy dictates that a Simple Purchasetopology is to be used. As the price
paid to perform the executionto agennt SGA3 is the samethat the Client paid
to SGAL the endovmert of SGA1 remains constart while the endovmert of

SGA3increases.

During PhaseD the cheap simple purchaseresourceis not available and the
SelectionPolicy dictates that a last resort Simple Purchasetopology is to be
used provided that the endavmert is above a certain threshold (that, in this

case,is the initial endavmert - 100 credits).

The results of this secondbehaviour experimert shav how SGALlis ableto sort its
economic-drienrelationswith regardto their costand to make decisionsaccordingly
In this casethe decisioncriteria was to use cheaper resourcesrst and to usethe
more expensie only as a last resort and only if the endovmert is above a certain
threshold. The setof policiesof the agert allowedfor the de nition of an opportunistic
behaviour wherethe endovmert wasto be increasedor, at least, kept constart and
where the agent preferredto useit's own resources,those accessiblethrough Pub
relationshipsand only as a last resort those accessiblehrough a market. Obviously

di erent policiesin the managemen (Execution Policies) of its own resourcesand
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in the ordering of the resourcereatable through sccial topologiesresult in di erent
behaviours. An agent may be instructed to use Simple Purchaseresourcegprovided
that its endovmert allowsit) rst andleaveit's own freeasalast resortor rely rstly
on Pub topologiesif the timing of the workloads allows for load balancingwith this

solution. The main result of this experimert is that SGAscan provide this exibilit y.
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4.3.6 Conclusion

The reliability experimerts ( 4.3.1)shonvedthat Sccial Grid Agerts require an accept-
able overheadto accessesourcesand do not shav particular problems of reliance.
This implies that border regionsof the metagrid will be stable and reliable and that
o ering to usersaccessof resourcesthrough an SGA topology will not result in a
perceiable degradation of the quality of servicein term of submissiontimes and
successfukxecutionpercenages.

The scalability experimerts (detailed in 4.3.2, 4.3.2 and 4.3.2) shav that the
performanceof Sccial Grid Agerts remains acceptablewith numbers in the range
of hundreds but rapidly increaseswith greater numbers. This behaviour is mainly
due to the technology that hoststhe agens (the GT4 cortainer). Two other sets
of experimerts showv that the agens allow to executein a syrthetic ernvironmert
(and thus without the overheadimposedby the GT4 cortainer) can scalein their
thousandswith an acceptable(although signi cant) overhead.

The behaviour experimerts shoved how the ageris can implemern di erent, co-
existing allocation philosophiesand that these behaviours were those speci ed by
their behaviour policies. The behaviour experimerts were performed on a complex
topology wherethree di erent allocation modalities were preser: one wherethe re-
sourcewheredirectly cortrolled, onewheretwo parties sharedpart of their resources
and an economic-basedelationship wheremonetary credits whereasked in exdiange
of the executionof jobs. The experimerts highlighted that the main feature for which
SGAsweredeweloped (to implement an allocation medanism capableof encompass-
ing di erent allocation philosophies)was successfullyachieved but the experimerts
alsohighlighted limits in the number of concurren transactionsthat agerts, with the

current technology are capableof executing.
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Chapter 5

Conclusions
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Figure 5-1: It's time to take a look bad.
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The rst thing God created wasthe journey; then came doubt and nostalgia.
Theodoros Angelopoulos

All endingsare also beginnings. We just dorit know it at the time.

Mitch Albom

In the beginningof this journey we setthe aim of this researt at the creation of a
set of software agens capableof enforcingdi erent co-existingsharingand allocation
methodologiesin Grid computing. We also decidedto use a sccial paradigm for
problemsof resourcesharing and allocation. It is now time to try to re-examinethe

results obtained during this journey, the successeand the shortcomings.

5.1 Evaluation versus core criteria

The corecriteria that the agens must be capableof encompassingli erent co-existing
allocation philosophieshas beenproved by behavioural experimerts that shov how
di erent policies of the agers result in di erent allocation philosophies. The fact
that thesepoliciescan be expressedn terms of metrics, valuesand pricesallows the
de nition of behaviours from economicto sacial. The latent assertionthat this is
better can be seento be true whenonerecognizeghat Grid is becominga meansto
distribute computational power in an increasingnumber of scenariosand that some
of the challengesposedby this expansion(coexistenceof actors with di erent aims)
can clearly be tackled with the SGA paradigm, although it is equally clear that this

is a work in progress.

5.2 Evaluation of the technologies used

The prototype of Sacial Grid Agerts is implemerted using the Java™ language,the
ClassAdlanguageand the GT4 cortainer as a hosting ervironmert. This bundle of

technologieshad major advantagesand oneimportant shortcoming.

The GT4 container allowed the implemertation of the ageris as WRSF Com-

pliant Grid Services, in addition to this, the GT4 container provided a hosting
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ervironmert that hasbeenspeci cally designedfor Grid Computing. Finally,
the GT4 container directly hostsgrid services,suc asthe GRAM submission

system, that are usedby the Border Agerts.

The Java™ languageallowed the implemertation of the prototype with all the
advantagesand featuresof an Object Oriented languageand o ered the possi-

bility of using APIs whene\er they were available.

Unfortunately, the dierent releasesand versionsof libraries gave rise to a
frustrating problem nicknamed Jar Wars to which no de nitiv e solution has

beenfound yet. Section5.2.1is dewted to this topic.

The ClassAd languageallowed the de nition of policiesand their enforcemen
acrossdi erent middlewares and acrossthe di erent layers of the Sccial Grid
Agerts architecture. To expressits full potertial, the Java™ API to the Clas-
sAd languagehas been enriched by speci ¢ functions that allow for partial
ewvaluation of a ClassAd expressionas detailed in section3.7.1. With the pos-
sibility to selectiwely evaluate only the part of eat expressionthat is de ned
by the current scope the ClassAd languagehas proven to be a valuable and

e ective tool for the expressionof Actions, Objects and Constraints.

Howeer, ClassAd expressiongroved to be all but tersewith consequendi -
culties in reading and debuggingthe code. This shortcomingsmay well justify

further researb for an alternative functional-style language.

52.1 Jar "W ars"

Someoneoncesaid that the "A dvantageof sitting on a border is that you can be shot
from two sides"; this facetiousstatemen describeswell a Jar War: a conict that
ariseswhene\er two application that have to interact are built with incompatible sets
of libraries (that, in Java™ , are implemerted in archive les known asjar les).

As described in Sections3.4 and 3.6 agerts may depend on one,two or even more

technologies;wheneer any of thesetechnologiesdepend on incompatible setsof jar
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les there is a Jar War. There are di erent ways to cope with thesecon icts but

none of them has proven yet to be completely satisfactory:

Classharmonization: if two jar les have a conict but they have a high degree
of compatibility it is sometimespossibleto build a third jar le from the subset
of classeghat are compatibleto both. This wasthe rst solution that wastried

to solwe a con ict betweenthe GT4 cortainer and WebComlibraries.

Jar switching: consistsin switching the System Context of the Java Virtual
Machine (JVM ) before and after ead invocation of the API calls that cause

the conict.

Systeminvocation decoupling: consistsin decouplingthe two applications that
arein con ict and letting them interact through systemcalls instead than API
invocations. Jar les arethen switched, cortrolling environmentvariables This
solution has the major disadwantage of disrupting the interoperability design
basedon API invocation and forcing all information to be expressedn strings

asthis data type is the only onedirectly supported by a systemcall.

The current prototype usesa conbination of the above-merioned solutions with
a reasonabledegreeof e ciency but a unied and more formal solution basedon
the jar switching technique would certainly be greatly advantageousand justify the

e ort of somefurther investigation.

5.3 Evaluation of the architecture

The architecture of Sacial Grid Agents was designedto allow the implemertation of
di erent features: the expressionand enforcemen of policiesin a exible way, the
possibility to interface with di erent middlewares, the possibility for the agens to
expose a certain degreeof \awareness"of themseles and their surroundings. We
will now evaluate how well the implementied architecture sened thesepurposesand

compliedto the designconstrairnts and speci cations.

188



5.3.1 Flexible policies

The description of policiesthrough ClassAd expressionghat are partially evaluated
through the di erent stepsproved to be suitably exible. It allowed the description
of policiesthat may depend on the identities of the senderand/or the bene ciary
of an action, the current status of resourcesand other policies. The description of
these constrairts as modalities de ned by the requesterand policies de ned by the
provider, that combine in enforcedpolicies, lets all parties involved descrile their
needsand preferences.

The architecture also allowed the expansionof basictopologiesalong three addi-

tional dimensions(trust, banking and discovery).

5.3.2 Support for multiple middlew ares

The examplemetagrid environment, basedon commonlanguageand translation ser-
vices, allowed Sacial Grid Agerts to interoperate successfullywith serviceso ered
by di erent middlewares. Furthermore the ClassAd baseddescription of messages,
actions, object and constrairts allows for the de nition of inter-dependen sets of
actions that can model complex interdependen job ows that span multiple mid-
dlewares. An important challengeposedby the simultaneousharnessingof di erent
middlewaresresidesin their di erent security requiremerts and policies. Being able
to harnessservicesfrom di erent middlewarescan be uselessf the requiremens de-
mandedby thosecannotbe met by the agens. This hasbeenadieved with areason-
able degreeof successallowing the agens to implemert di erent security modalities
(speci ed by policies)and by describingthe agent's idertit y with structuresthat host

heterogeneousderntit y-related information.

5.3.3 Awareness of self and surroundings

Onelast feature that was required by the agens wasthe capability of being\aware\
of themsehesand their surrounding both in spaceand time. This hasbeenadieved

by a fundamenally assaiative design. Information regarding the ager itself and
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its ervironmert is memorizedin mapsthat can be queried through keys. Keys are
expressedn ClassAdand are seartied with the Requirementsfunction. Information
coverstime through logs. This systemproved successfuln memorizingthe informa-
tion neededby the agerts. No thorough assessmenon the scalability of this solution
has being performedyet. At presen information is not categorizedwith respect of
relevance or ageand it is all treated uniformly. This approad will not be able to
scaleboth in time and spaceas logs and indexeswill grow to the point of being
un-manageableand too slow to be queried. A hierarchical, cacde-like approad that
handlesinformation with respect of ageand relevancemight be worth investigation.
Additional information could be easily addedas additional elds in the ClassAdde-

scription of the keysand in the seard criteria de ned in the Requiremetts function.

5.4 Evaluation of the Protot ype

To properly evaluate the prototype andits resultsit is necessaryo analyzethe results
of the experimerts from the perspective of the researt questionsthat were stated at

the beginning of this investigation, i.e. asstated in 4.3:

Do Sccial Grid Agents degradethe performanceof resourceghey cortrol ?
How scalableare Sccial Grid Agerts ?

How do they behare ?

54.1 Do SGAs degrade the performance of the resources

they control ?

Two main considerationsapply to the question of whether SGAs degradeor not the
resourceshey cortrol: onebasedon the architecture of SGAsand another basedon
experimertal data.

From an architectural perspective SGAs are users of resourcesand they do not

interfere in their internal working; in fact, production agerns connectto resources
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through their userinterfaces(e.g. the Ul for gLite and the GRAM servicefor GT4).
SGAsthus cannot degrade the performance of a resouce more than any other user.

On the other hand, the experimerts in sections4.3.1and 4.3.2showv degradation
in the way resoures are accessé. This is mainly due to the overhead of multiple
threads that are spavned, and the GT4 operations that are performed, for eath

received message.

5.4.2 How scalable are SGAs ?

This topic is closelyrelated to that of section5.4.1. The Experimerts shoved how
the responsetime of SGAsdegradesseerely with the growing number of concurrert
accessefseeSection4.3.2). The in uences on scalability of SGAshave beenassessed
by the experimerts (seeSections4.3.2and 4.3.2). Theseresultsimply that the main
scalability problem residesin the interactions betweenthe GT4 cortainer and the
thread managemenhof SGAsthat se\erely slovs down the accesdo the servicesof the
agerts, rather than the scalability of the ageris themseles. In fact, the experimerts
on the scalability of the agert's behavioural engine (see Section 4.3.2) shav how
the architecture of the agens (without the GT4 cortainer) has better scalability

characteristicsthat allows to manageup to a few hundred concurrert messages.

543 How do SGAs behave ?

Oneimportant aim of this investigationwasthe possibility of the de nition of di erent
allocation philosophieswithin the sameframework. In this regard the Sccial Grid
Agens model provedto be capableof de ning diverseallocation philosophiesranging
from the altruistic sccial behaviour of the pub model to the sel sh market-driven
purchasemedanism.

Section 4.3 descriled in detail a behaviour experimert where three allocation
topologiesco-existed. Our experimerts shav how an agen that belongsto di erent
topologiescan be instructed to rank and chooseservicesand resourcesavailing itself
of relations that span from direct cortrol to service purchase,from a sccial-based

model to an economicone (See4.3.3).
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The behaviour experimerts shoved that SGAs behared as would be expected
from their policies: SGAs managedthe resourcesin their direct cortrol and those
that could be readedthrough sccial topologieswith respect of their internal policies.
The allocation of resourceshat were directly cortrolled by Production Agerts was
successfullytuned by execution policies that described how much of ead resource
could be usedand if queueingwas to be allowed. The economicendovmert (e.g.
the number of credits) and the sacial endowmentof the ageris (e.g. the number
of tokensgranted in pub topologies)were successfullydescriked and enforced. This
allowed the overall behaviour of the agerts to be sel sh (thus trying to maximize or
keepconstart their endavmert) or not.

It is worth noticing that all this diversity of behaviour was obtained by orches-
trating basic tiles (the service providers) and by de ning policies, modalities and
actions, thus proving how SGAs can be easily con gured and asserbled in complex
topologies.

Although the ageris behaved accordingto their policiesthere are weaknessethat
did not appear in the experimerts. The most important of all is due to the latency
times with which the resourcesublish their status. In the experimerts the average
length of the jobs was enoughto allow the resourceso publish their correct status
but shorter jobs may result in the ageris taking decisionsbasedon out-of date data.
This latency problem is commonto all distributed systems. SGAs cope with it by
keepingand updating a local copy of the information regarding the status of jobs.
This solution allows a more accurate behaviour but bearsthe disadvantage of the
increasingworkload of the job cortroller thread and its comrmunication to perform

polling.

5.4.4 Other questions about the protot ype

Is it simple? Although SGAsareconceptuallysimple,the prototypeimplemen-
tation is far from that. Policiesde nition and descriptionis hard to implemert
and the resulting ClassAd code is often long and very hard to understand and

debug.
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Did a single-stubapproach simplify outsourcing ? Yesit did. This design
decisionto have SGAs exposea single method allowed for the composition of
serviceswithout the additional complexities brought by the needto discover
the characteristics of an interface ead time a new ager is cortacted. On the
other hand, this approad makesit much more di cult for SGAsto interface

with systemssud as OGSA that rely on richer interfaces.

What are the least satisfactory features of the prototype ? There a number of

issues:

{ How agentsget to exist: at presen this information is statically de ned

in the GT4 cortainer.

{ Howinitial relations are establishd: at presen they are statically de ned

and there is no medanism for new relationshipsto begin.

{ How topologies are composeal: at preser they are statically de ned and,
although the policies of a singletopology may change,there is no meda-

nism for creation of new topologies.

{ Hownamespcesare establishd: at presemn namespaceare managedwith
ClassAdscopes, but this provesto be often unreadableand hard to main-

tain.

545 How do SGAs t into the surveyed Taxonomies ?

An interesting questionis where SGAs t into the Taxonony of ResourceAllo cation
Systemsin [52]. On one hand, the architecture can be descrited as hierarchical asit
de nes two distinct layers (the scocial and production layers) with a clear hierarchy -
the sacial layer cortrols the production layer; on the other hand, it is alsotrue that
the architecture is cell-basedasthe relationshipsand information betweenthe ageris
can be con gured to de ne domainsacrossthe hierarchical structure.

The sdhemais extensibleprovided that all agens have an updated versionof the
processors.Soft QoS support is implemerted with the useof modalities, policiesand

enforcedpolicies.
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The information is stored by ead agern locally in les and there is no database
support; the information is updated with a pull policy ead time an agens requests
information to another, although push policies may govern the interactions with
indexes. Finally, stheduling is provided by external servicesthrough existing middle-
ware.

With referenceto the economicmodels surveyed in [28 and [29], SGASs o er
support for Commality Markets and Postal Price Models in addition to Charita-
ble donations non-monetary based Pub Models and Tribe Models and third-party
funding with Keynesian Models

It is worth noticing that by providing the agens with the proper processorst
should (at leastat a theoretical level) be possibleto allow SGAsto behare according

to other economicmodels.

546 Relation with other work

This sectiondescribeswhat are the relations, the commonalitiesand the di erences
with the related work surveyed in Chapter 2.

The gang-matdhing system proposedin [85] and descriked in Section 2.2.1 ex-
tends the match-making medanism to more than two parties; although no explicit
match-making medanismis implemerted yet in Sccial Grid Agerts there are strong
commonalities. Firstly, they both usethe ClassAdlanguageto corvey information
and basetheir decisionmedanismson the match-making medanism, secondlythe
delayed evaluation of policiesof Sccial Grid Agerts allows for a form of implicit multi-
step gang-matding as all the di erent actorsthat manipulate the ClassAd message
participate in the nal decision.

The solutionsproposedby Buyya in his GridBus project describedin Section2.2.2
are related to Sccial Grid Agerts in the sensethat they support di erent economic
medianisms. The main di erence with Sccial Grid Agerts is that Buyya's approad is
strongly economicabind doesnot extendto sccial behaviours that cannotbe modelled
in economicterms while Sccial Grid Agerts aim at encompassingli erent economic

models within a larger view as just one of the possibleallocation philosophiesthat
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an actor can follow. GridBus, on the other, hand is in a much more advanced
implemertation state and is already a "ready to use" solution while Sccial Grid
Agerts are still in a prototypical stage.

Finally, Sccial Grid Agerts relate to gLite (describedin 2.2.1)and Globus( 2.2.1)
allocation medanismsby using their allocation medanismsfor the resourcealloca-
tion within their domains; border production agens, in fact, invoke the resource
allocators of gLite and Globusin the border regionsbetweenthesetwo middlewares
and the metagrid region.

For what regardsthe descriptionand enforcemen of policies,the paper [99]0 ers
a similar view of the relationshipsbetweencollaboration models (very similar to the
topologiesof Sccial Grid Agens), behaviour and policies. The paper o ers both a

conceptualmodel and a formal speci cation for a policy language.

5.5 Contributions

Sacial Grid Agerts wheredesignedto be economic-agnosticand technolayy-agnostic
soto encompas$oth di erent allocation philosophiegde ned by their sccial cortext)
and di erent Grid middlewares.

The capability of encompassingdi erent, co-existing middlewares was tackled
with the conceptof a metagrid that allowed the creation of a exible system har-
nessingdi erent Grids. The cortribution of the metagrid conceptis bene cial asit
allows to include new middlewareslocalizing the issuesof interoperability to a set of
border ageris that act astranslators both from the de nition of functionalities and
policies, thus allowing interoperability both at a technologicaland logical level.

Scacial Grid Agerts prove to be bene cial on the following courts:

They allow to model in the Grid a variety of social relations that exist amongits
di erent stakeholders;topologiescan be set to allow co-operation and competition
depending on the sccial cortext of the Grid actors.

They allow for di erent allocation philosophiesto co-existso that an actor can
fully avail himselfof all the sccial relationsit hasin a Grid without being constrained

in just onetopology:.
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They will allow in the future for Sccial Grid Agerts to encompassypesof middle-
waresthat are basedon di erent allocation philosophiessut as commercialClouds
and volunteer-basedcomputing sud as BOINC [3], this interesting possibility is of-
fered by their agnosticismwith regardto econony and technology

A feature that was not foreseenn the beginning, the functional characteristicsof
its language proved bene cial asit allowsthe de nition of functionalities and policies
that takeinto accoun the needsof all the actorsinvolved and de ne abstract patterns
wherefunctionalities, policiesand behaviours of the ageris interact without the need

of designinga priori the ertire decisionprocess.

5.6 Future Work

Although the currernt implemerntation of Sccial Grid Agerts yielded someuseful re-
sults, its full potential may yet to be fully discovered. Future directions of researt

will move along di erent dimensions.

5.6.1 Deployment on a Pro duction Infrastructure

If SGAs were to be deployed in real production infrastructures with their stricter

quality standards,then the following issuesmust be successfullytackled.

Salability: the scalability issuegeferredto in 4.3.2,4.3.1and especiallyin 4.3.2
are the most important issuesthat prevent SGAs being deployed in a realis-
tically large and complex production infrastructure. The degradation of the
quality of servicefor numbers of concurrent accessethat are normal in a pro-
duction infrastructure is unacceptableand, as long as this issueis not solwed,

SGAswill not be usefully deployed in real production infrastructures.

Startup: at startup SGAs have a pre-de ned set of topologiesthey belongto
and this information is coded in the ClassAd policiesthat descrike the agert.
Obviously this solution lacks scalability and must be replaced by a startup
procedure that usesdefault indexesto allow the agern to insert themselhesin

existing sccietieswhen they awakeor whenthey are born.
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User Interface: the prototype of SGAshasa minimal text-basedinterfaceto the
user. This is unacceptableif the agens areto be deployed in a real production
infrastructure; SGAs needusablegraphical userinterfacesthat allows userto
instruct their agers on executionand behavioural policiesand resourceowners
to describe the behaviour of the ageris cortrolling the resources.These GUIs
must be easyto useand must not require their usersto have any knowledge
of the ClassAd language. HyperGraphs [51, 53, 62] and related work on e-
Learning conductedby Kathryn Cassidyof my host researt group [30] could

be interesting averuesin this regard.

Packaging SGAswould of courserequire padkaging for useby the fabric man-

agemeh tools usedfor deployment of Grid software componerts.

5.6.2 Additional Services

To enhancethe usefulnessof SGAs more middlewares of di erent nature should be
encompassedE ort should especially be focusedon middlewaresbasedon di erent
philosophiessud as commercial-baselatforms like the IBM cloud and volunteer-
basedplatforms like BOINC.

In addition to this it would be pro table to encompassnoreservicesof the middle-
waresthat are already party of the system;speci cally le storageand information
serviceswhich will provide both a more realistic and useful platform and a much
richer and diverseervironmen in which to study the outcomeof di erent sccial and
economicmodels.

Early prototypesincluded a File Closet but future implemertations may simply
include a SRM [45] interface so that they can employ le catalogslike LFC [44]
and/or le systeminterfaceslike STORM [80].

5.6.3 Negotiation Proto cols and Service Level Agreemen ts

In SGASs actions are described with the use of modalities and a rather primitiv e,

one-stepform of negotiation is 0 ered by the intersection of policies and modalities
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that will de ne how the action is really executed. Sccial Grid Agerts will certainly
be much more interesting if they had a more advancedapproad yielding to formal
Service Level Agreemens and Negotiation Protocols. For the latter it could be
feasibleand pro table to encompasssomeexisting technology and to delegatethe

act of negotiation to it.

5.6.4 Adv anced decision systems

For now, SGAstake most decisionsbasedon thresholdsand other simple algorithms.
It would be an interesting eld of enquiry to dewlop more complex and realistic
decisionsystembasedon the metrics of both the agerts and the resourceghey are

in charge of.

5.6.5 Large scale indexes

The lack of scalability that characterizethe managemen of internal information of
the agers is alsopresen in the topologiesof the agerns (seeSection4.3.2). Although
the scalability of the main componert of Banking and indexing agens, the ClassAd
Mapper, wasthe topic of the experimert in section4.3.2,their overall behaviour has
not being tested for scalability. Banking should be scalableand it could be wise to
abandonthe current, prototypical banking agen and interface the systemdirectly
with an existing banking technology (e.g. that of SGAS).

Indexing agerns should also take into accoun larger amourts of more sophisti-
cated data about the servicesthey index, acceptingonly that information that could
prove pro table. It could alsobe interesting to investigate multi-la yered hierarchical

indexing services.

5.6.6 Adv anced Social, Economic and Financial Mo dels

As yet, only relatively simple social topologiesand their policieshave beendeweloped
for the agens. In the future, researb should embracemore complextopologies.At a

micro-economiclevel, the existing solutions may be be enriched by insurance ageris
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that compensatewith credits when middlewaresfails; for trust reasonstheseageris
could be cortrolled by the arbitrator agert descrilked in section3.3.4.

Currently agens de ne pricesbasedonly on the data from the supply sidewithout
taking into accourt demand. This doesn'tallow the de nition of realistic price models
and thus somemedanism capable of gathering demand-relatedinformation would
prove very pro table for the implemertation of more sophisticatedagens.

A much more advancedtopic that is still to be tackled is the relation between
the credit systemusedby the ageris and the real econony. For the presen there
is no direct connectionbetweenthe credits that are usedamongthe ageris and real
currencies. This is a seriouslimitation that prevenis agert's sccieties from being
connectedto the real econony. Whether a connectionbetweenthesetwo economies
would yield positive or negative outcomesfor one or both is a very open questions

that, in my opinion, could constitute a pro cuous eld for future enquiries.

5.6.7 Trust

As of now, Sccial Grid Agerts, support only one concept of trust (Discussedin
Section 3.2.7 and Section 3.3.5) basedon the authority of one agert that the other
parties can acceptor not. This is a very limited view of the conceptof trust and a
more articulated approad to this topic would be bene cial to Sccial Grid Agerts.
The two other viewsof trust, the onebasedon the recognitionof behavioural patterns
through time and the onebasedon the opinion of other other trusted parties, should
be encompassedh Sccial Grid Agerts in a relatively easyway. Sccial Grid Agerts,
in fact, keeprecordsof ewverts written in ClassAdrecordsby their loggingserviceand
gueriesof patterns of everts can be performedthrough matchmaking queriesof these
records; level of trust can than be inferred from this information. The exdange
of "opinions” that the dierent agens have of ead other can be achieved in two
possibleways: an agert may sharepart of its logsto its parties and allow them to
infer trust level from this information or they can directly their "opinion" on the
trustworthiness of a party. This latter solutions implies that all the involved party

usethe samealgorithm and the samemetrics to infer the trustworthiness from the
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logs.

On the other end, oncetrust becomes reliable information metric on Sccial Grid
Agerts it could be taken into accoun in a large variety of policiesand decisions.As
an example,trustworthy parties canbe alloted greaterresourcesthey canbe granted
lower pricesor they can be granted larger sharedresourcesn a pub model or, nally,
only parties whosetrust level is above a certain threshold may be given accessto

resourcecortrolled by a Keynesianauthority.

5.6.8 Service Level Agreemen ts

As of now, Sccial Grid Agerts, allow for very limited implementation of ServiceLevel
Agreemelts. They consistonly in the data that specify both the functionalities and
policiesfor the executionof jobs. On the other end, the functional characteristics of
the native agens languageshouldallow more sophisticatedimplemertation of Service
Level Agreements asmodalities requestedby the ageris a shouldallow a exible way
to de ne the behaviour of the ageris accordingly

As an example,a requesteddeadlinerequestedfor the completion for a job may
not only in uence the resourceallocated but alsothe modality with which the status
of the job is queried. Theoretically, the homogeneousature of the ageri's internal
and external languageallow for the creation of arbitrarily complexmappingsbetween
action, policies, modalities and behaviours; the di cult y of reading and debugging
the ClassAd code may represeiy on the other hand, a strong constrain to the level

of complexity of thesepatterns.
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5.7 Conclusions

The journey that wasintroducedin the foreword comeshereto a stop. As all other
journeysit yielded more questionsthan answers and it endedin a placethat is not
precisely the one decidedin the beginning. Someparts proved much harsher and
more di cult than foreseenwhile unexpected and welcome surprisescompensated
for someof the most frustrating parts of the path. Is this not, after all, the very

nature of ewvery journey ?
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App endix A

Detailed Metrics of the Reliabllit vy

EXxp erimen t

Submission Reliability
120 00%
100.00%
z
8
E sooom
4
3
3
3
g 6D00%
g
3
5
5
z 40.00%
2
§
4
&
20.00%
0.00%
b 20 a0 &0 g0 100 120 140 160
Number of consecutive submissions
o Average {Direct Submissian) —Minimum (Direct Submission) M aximum {Direct Submissian)
o Average Vi Production Agent) = Minimum (via Production Agent) = Maximum (Viz Praduction Agent)
—Minimum {Complete Topolagy) = Maximum (Completa Topology) © Average {Complate Topology)
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App endix B

Detailed Metrics of the Scalabilit y

Exp eriment (Concrete Testbed)

This appendix cortains the graphs of the detailed metrics of the experimert in Sec-

Dispatch Time
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Figure B-1: Dispatch time of the scalability experimert.
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Figure B-2: Execution time of the scalability experimern.

Figure B-3: Return time of the scalability experimer.
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Figure B-4: Total time of the scalability experimert.
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App endix C

Detailed Metrics of the Scalabilit y
Exp eriment (Synthetic Testbed)

This appendix cortains the graphs of the detailed metrics of the experimert in Sec-
tion 4.3.2.

Figure C-1: Dispatch time of the small-scalescalability experimert on the synthetic

testbed.
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Figure C-2: Execution time of the small-scalescalability experimert on the synthetic

testbed.

Figure C-3: Return time of the small-scalescalability experimert on the synthetic

testbed.
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Figure C-4: Total time of the small-scalescalability experimert on the synthetic

testbed.

Figure C-5: Dispatch time of the large-scalescalability experimert on the synthetic

testbed.
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Figure C-6: Execution time of the large-scalescalability experimert on the synthetic

testbed.

Figure C-7: Return time of the large-scalescalability experimert on the synthetic

testbed.
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Figure C-8: Total time of the large-scalescalability experimert on the syrthetic
testbed.
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App endix D

Detalled Metrics of the First

Behavioural EXxp eriment

Detailed results of the secondbehaviour experimert (described in Section4.3.4) are

shown in FiguresD-1, D-2, D-2 and D-4.

Figure D-1: Workload.
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Figure D-1 shaws the number of jobs submitted to agent SGAL

Figure D-2: Endowmert of SGAL.

Figure D-2 shows the number of credits available to agen SGAL Credits grow
during the rst two batches(phaseA and phaseB, detailed in Section4.3.4) of jobs
accordingto the policiesthat determineits behaviour (described in Section 4.3.4),
in fact agen SGA1 receiwes a payment for eat job but it bearsno costsfor its
executionasthe rst batch is performedby agert PGA1 which is directly cortrolled
while the secondbatch of jobs is executedthrough a Pub Topology that links agert
SGALl with agert PGA2; in this caseno credit is consumedin agert SGA1 but
tokensgranted to it decreasen agernt PGA2 (detailed in Figure D-4). During phase
C of the experiment, agert SGA1 purchasesjob executionrights from agert SGA3
(whosecredits are detailed in Figure E-3) at the sameprice it receiwes, accordingly
the amount of credits available to agent SGA1 remainsconstart while the credits of

agert SGA3 grows.
Figure D-3 shows the number of credits available to agert SGA3. Credits remain
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Figure D-3: Endowmert of SGA3.

constart during the rst two batches(phaseA and phaseB, detailedin Section4.3.4)
as the agen is not involved in the execution of any job. During phaseC of the
experimert, agert SGA3 executesjobs for agert SGA1 (whosecredits are detailed
in Figure D-2) accordinglythe amourt of credits available to agert SGA3 grows.
Figure D-4 shaws the number of tokensgranted to agert SGA1 The number of
tokens remain constart during the rst batch (phaseA detailed in Section 4.3.4)
as the agen is not involved in the execution of any job. During phaseB of the
experiment, agen PGA2 executesjobs for agent SGAL accordingly the amourt of
tokensgranted to agenn SGAL decreasesDuring phasesC of the experimert, ager
PGA2 is not involved in production and the amourt of tokensgranted to agen SGA1

remainszero.
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Figure D-4: Execution tokensgranted by PGA2 to SGAL.
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App endix E

Detalled Metrics of the Second

Behavioural EXxp eriment

Detailed results of the secondbehaviour experimert (described in Section4.3.5) are

shawvn in FiguresE-1, E-2, E-3, E-4 and E-5.

Figure E-1: Workload.
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Figure E-1 shavs the number of jobs submitted to agent SGAL

Figure E-2: Endowmert of SGAL.

Figure E-2 shows the number of credits available to agert SGAL Credits grow
during the rst two batches(phaseA and phaseB, detailed in Section4.3.5) of jobs
accordingto the policiesthat determineits behaviour (described in Section 4.3.5),
in fact agen SGA1 receiwes a paymen for eat job but it bearsno costsfor its
executionasthe rst batch is performedby agert PGA1 which is directly cortrolled
while the secondbatch of jobs is executedthrough a Pub Topology that links agert
SGALl with agert PGA2; in this caseno credit is consumedin agert SGA1 but
tokensgranted to it decreasan agert PGA2 (detailed in Figure E-5). During phase
C of the experiment, agert SGA1 purchasesjob executionrights from agert SGA3
(whosecredits are detailed in Figure E-3) at the sameprice it receiwes, accordingly
the amount of credits available to agert SGA1 remains constart while the credits
of agent SGA3 grows. During phaseD of the experiment, agert SGAL purchases

job executionrights from agert SGA4 (whosecredits are detailed in Figure E-3) at
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a higher price, accordingly the amourt of credits available to agert SGA1 decreases

while the credits of agent SGA4 (detailed in Figure E-4) grows.

Figure E-3: Endowmert of SGAS3.

Figure E-3 shows the number of credits available to agent SGA3. Credits remain
constart during the rst two batches(phaseA and phaseB, detailedin Section4.3.5)
as the agen is not involved in the execution of any job. During phaseC of the
experimert, agert SGA3 executesjobs for agert SGA1 (whosecredits are detailed
in Figure E-2) accordingly the amourt of credits available to agen SGA3 grows.
During phaseD of the experimert, agenn SGA3 is not involved in production and
the amourt of its credits remain constart.

Figure E-4 shows the number of credits available to agent SGA4. Credits remain
constart during the rst three batches(phaseA, phaseB and phaseC, detailed in
Section4.3.5) asthe agert is not involved in the executionof any job. During phase
D of the experimert, agen SGA4 executesjobs for agert SGA1 (whosecredits are
detailed in Figure E-2), accordingly the amourt of credits available to agert SGA4
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Figure E-4: Endowmert of SGA4.

grows while the amourt of credits of agen SGAL decreasedecausethe price paid
by agert SGA1 to agent SGA4 is greaterto the price paid to agert SGAL

Figure E-5 shows the number of tokensgranted to agert SGA1 The number of
tokens remain constart during the rst batch (phaseA detailed in Section 4.3.5)
as the agen is not involved in the execution of any job. During phaseB of the
experimert, agert PGA2 executesjobs for agert SGAL accordingly the amourt of
tokensgranted to agert SGA1 decreasesDuring phasesC and D of the experimen,
agent PGA2 is not involvedin production and the amourt of tokensgranted to agen

SGA1 remainszero.
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Figure E-5: Execution tokensgranted by PGA2 to SGAL.
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