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Abstract: This paper addresses the service selection issue via a service agent framework coupled with a
computational model based on trust ontology. The trust ontology proposed from the socio-cognitive view can offer
a more insightful understanding in the trust relationships among service agents. A set of trust computational rules
have been given to support the trust analysis and reasoning. Also the structure of the service agents has been given.
Finally, a case study is used to illustrate how the service agents infer the trustworthiness of their partners by using
the set of trust reasoning and computational rules.
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Table 1 Meanings of the associations in trust sub-ontology

R FE ARSI LI X

Association Formation Instance Meaning
hasGoal Agent—>Goal hasGoal(a,g) Agent a has goal g.
hasResource Agent—>Resource hasResource(a,e) Agent a has resource €.
hasKnow-how Agent—>Know-how hasKnow-how(a,k) Agent a has Know-how k.
needResource Action—>Resource needResource(act,e) Action act needs resource €.
needKnow-how Action—>Know-how needKnow-how(act,k) Action act needs know-how K.
bringAbout Action—>Consequence bringAbout(act,c) Action act brings about consequence C.
achievedByService Goal—>Service achievedByService(g,s) Goal g is achieved by service S.
partof Action—Service partOf(act,s) Action act is part of service s.
/Consequence—>Goal /partOf(c,g) /Consequence C is part of goal g.
canAction Agent—Action canAction(a,act) Agent a can do action act.
canService Agent—Service canService(a,s) Agent a can do service s.
wantConsequence Agent—>Consequence wantConsequence(a,c) Agent a wants consequence C.
commitService Agent—Service commitService(a,s) Agent a commits to do service S.
intendAction Agent—>Action intendAction(a,act) Agent a intends to do action act.
intendService Agent—Service intendService(a,s) Agent a intends to do service S.
performAcion Agent—Action performAcion(a,act) Agent a performs action act.
performService Agent—Service performService(a,s) Agent a performs service S.
requestService Agent—Service requestService(a,s) Agent a requests for service S.
tellConsequence Agent—>Agent tellConsequence(a,b) Agent a tells a consequence to agent b.
knowConsequence Agent—Consequence knowConsequence(a,c) Agent a knows consequence C.
sayCompetence Agent—Service sayCompetence(a,s) Agent a says its competence about service S.
achieveGoal Agent—>Goal achieveGoal(a,g) Agent a achieves goal g.
hasNumberOfActions Service—int hasNumberOfActions(s,n) Service s has the number n of actions.
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Table 2 Rules in trust sub-ontology
R 2 LT AL HRIN SIS X

Basic evidence reasoning rule
Rule 1. knowConsequence(?a,?c)AtellConsequence(?a,?b)—knowConsequence(?b,?c)
//1f agent @ knows that ¢ is the consequence of an action, and tells this consequence C to agent b, then b will know consequence C.
Rule 2. partOf(?act,?s)AbringAbout(?act,?c)AachievedByService(?g,?s)—partOf(?c,?g)
//If action act is part of service S, and this action can bring about consequence C, and goal g is achieved by s, then c is part of g.
Rule 3. hasGoal(?a,?g)ApartOf(?c,?g)—wantConsequence(?a,?c)
//1f agent a has goal g, and consequence C is part of g, then a wants C.
Rule 4. performAction(?a,?act)AbringAbout(?act,?c)—knowConsequence(?a,?c)
//1f agent a performs action act, and act can bring about consequence C, then a knows C.
Rule 5. notPerformAction(?a,?act)ApartOf(?act,?s)—notPerformService(?a,?s)
//If agent a does not perform action act, and act is part of service s, then a does not perform s.
Rule 6. requestService(?a,?s)AcommitService(?b,?s)AachievedByService(?g,?s)AnotPerformService(?b,?s)—notAchieveGoal(?a,?g)
//If agent a requests service S, agent b commits to provide s, and goal g is achieved by s, but b does not perform s,
then a does not achieve g.
Rule 7. cannotService(?a,?s)—notPerformService(?a,?s)
//If agent a cannot provide service S, then a does not perform s.
Rule 8. notIntendService(?a,?s)—notPerformService(?a,?s)
//1f agent a does not intend to provide service S, then a does not perform s.
Trust belief reasoning rule
Rule 9. hasResource(?a,?e)AhasKnow-how(?a,?k)AneedResource(?act,?e)AneedKnow-how(?act,?k)—canAction(?a,?act)
//1f agent a has resource e and know-how K of an action act, then a can perform act.
Rule 10. cannotAction(?a,?act)ApartOf(?act,?s)—cannotService(?a,?s)
//1f agent a cannot perform an action act which is part of service s, then a cannot perform s.
Rule 11. canService(?a,?s)ApartOf(?act,?s)—canAction(?a,?act)
//1f agent a can perform service S, then a can perform the act which is part of s.
Rule 12. hasNumberOfActions(?s,2)ApartOf(?act,,?s)ApartOf(?act,,?s)AcanAction(?a,?act,)AcanAction(?a,?acty)A
?act;=?act,—canService(?a,?s)
//1f service s consists of 2 actions called act; and act,, and a can perform act; and act, then a can perform s. This rule could
extend to: if service S consists of n actions called act;,acts,...,act,, and a can perform all act,...act,, then a can perform s.
Rule 13. knowConsequence(?a,?c)awantConsequence(?a,?c)AbringAbout(?act,?c)—intendAction(?a,?act)
//1f agent a knows and wants consequence C, but action act can bring about C, then a intends to perform act.
Rule 14. hasGoal(?a,?g)AachievedByService(?g,?s)—intendService(?a,?s)
//If agent a has goal g, and g is achieved by service s, then a intends to perform s.
Rule 15. intendService(?a,?s)ApartOf(?act,?s)—intendAction(?a,?act)
//If agent a intends to perform service S, then a intends to perform the act which is part of s.
Rule 16. commitService(?a,?s)—intendService(?a,?s)
//If agent @ commits to provide service S, then a intends to perform s.
Rule 17. hasNumberOfActions(?s,2)apartOf(?act,,?s)ApartOf(?act,,?s)AintendAction(?a,?act, ) nintendAction(?a,?act,)A
?act;#?act,—intendService(?a,?s)
//1f service S consists of 2 actions called act; and act,, and a intends to perform act, and act,, then a intends to perform s. This rule
could extend to: if service S consists of n actions called act,...act,, and a intends to perform act;...act,, then a intends to perform s.
Rule 18. requestService(?a,?s)AcommitService(?b,?s)AcannotAction(?b,?act)ApartOf(?act,?s)—hasnotIntegrity(?a,?b)
//1f agent a requests service S, and agent b commits to perform s,
but b cannot perform the action act which is part of s, then a thinks b is not honest.
Rule 19. requestService(?a,?s)AsayCompetence(?b,?s)AcannotService(?b,?s)—hasnotIntegrity(?a,?b)
//1f agent a requests service S, and agent b says he can perform s, but b cannot perform s, then a thinks b is not honest.
Rule 20. requestService(?a,?s)AcanService(?b,?s)AcommitService(?b,?s)anotPerformService(?b,?s)—hasnotPersistence(?a,?b)
//If agent a requests service S, and agent b can and commits to perform s, but b does not perform s, then a thinks b is not persistent.
Rule 21. requestService(?a,?s)AhasGoal(?b,?g)AachievedByService(?g,?s)AcommitService(?b,?s)AnotPerformService(?b,?s)—
hasnotPersistence(?a,?b)
//If agent a requests service S, and agent b has goal g about achieving S, and commits to perform s, but b does not perform s,
then a thinks b is not persistent about his goal.
Rule 22. requestService(?a,?s;)AcommitService(?b,?s;)AachievedByService(?g,,?s;)AachieveGoal(?a,?g,)ArequestService(?a,?s,)A
commitService(?b,?s,)AachievedByService(?g,,?s,)AnotAchieveGoal(?a,?9,)A?s,#?s,—>hasnotPredictability(?a,?b)
//1f agent a requests service S; to achieve goal gy, and agent b succeeds in performing s; and helps a to achieve g,
and agent a requests service S, to achieve goal g, but agent b does not help a to achieve g, then a thinks b is not predictable.
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Fig.5 Reputation value of a provider
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Table 3  Trust values of the providers in simulation 1

F3 I 1RSI Agents (5 AR VAN (H

Com Inten Integ Per Pre Rep Trust
Weight / / 0.3 02 02 03 /
1 1 1 7 7 7 8 7.3
2 1 1 7 7 7 8 7.3
3 1 1 7 7 7 8 7.3
4 1 1 7 7 7 8 7.3
5 1 1 7 7 7 8 7.3
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Fig.7 Results of service selection in simulation 2
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Table 4 Trust values of the providers in simulation 2

R4S 2 MRS Agents {5 VAL E

Com Inten Integ Per Pre Rep Trust
Weight / / 0.3 02 02 03 /
1 0 1 7 7 7 8 -0
2 1 1 7 7 7 8 7.3
3 1 1 7 7 7 8 7.3
4 1 1 7 7 7 8 7.3
5 1 1 7 7 7 8 7.3
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Fig.8 Results of service selection in simulation 3
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Table 5 Trust values of the providers in simulation 3

RS LK 3 MRS Agents (FAE VP

Com Inten Integ Per Pre Rep Trust
Weight / / 0.3 02 02 03 /
1 0 1 7 7 7 8 -0
2 1 0 7 7 7 8 —o0
3 1 1 7 7 7 8 7.3
4 1 1 7 7 7 8 7.3
S 1 1 7 7 7 8 7.3
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Table 6 Trust values of the providers in simulation 4

R 6 LK 4 RSN Agents (5 AV

2605

Com Inten Integ Per Pre Rep Trust
Weight / / 0.3 02 02 03 /
1 0 1 7 7 7 8 -0
2 1 0 7 7 7 8 —0
3 1 1 6 7 % 8 7.1
4 1 1 7 )/ 7 8 7.3
5 1 1 7 7 7/ 8 7.3
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Fig.10 Results of service selection in simulation 5
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Table 7 Trust values of the providers in simulation 5
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Com Inten Integ Per Pre Rep Trust
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Weight / / 0.3 02 02 0.3 /
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3 1 1 6 7 y/ 9 7.4
4 1 1 7 7 Th 8 7.3
5 1 1 7 7 T 8 7.3
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Fig.11 Service agent selection based on trust evaluation in JADE platform
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