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Abstract. Water allocation domain requires collaboration among stake-
holders when making any decision regarding the solution to use to get
the maximum benefits with fewer damages. The challenging part of the
water allocation system is the interactions among those entities with the
existence of conflicts. Therefore, there has to be a decision-making model
that takes the stakeholders into account when producing the best out-
comes. Due to the involvement of people who make the decision, trust
among them comes to the picture. Moreover, every solution is associ-
ated with a number of benefits and damages. Trust is used as primary
criteria in decision-making model along with the damages and benefits
associated with each solution. The main contribution of this paper is to
build a multi-stakeholder Decision-Making Model having these charac-
teristics: trust, damages, and benefits as criteria, trust is associated with
the involvement of the human. The model is dynamic by adapting to the
changes over time. The decision to select is the solution that is fair with
almost everyone.

1 Introduction

In this paper, we propose decision-making model for Water Allocation system
to help the participants to be able to select the solution comes from the best
model. Several criteria involved when deciding on the model to choose such as
Trust, Damage, and Benefit. The preferred scenario is when having a high trust,
low damages, high benefits. The worst scenario is when having a low trust, high
damage, and low benefit. Before discussing the computation of these criteria, it
is important to introduce the entities and their attributes. The proposed model
has many types of entities: organization, expert, model and the decision.

Our view about the problem domain involves a network of experts, and each
one of them has an assigned trust value based on several factors such as interac-
tions and the level of experiences. There are also a set of models with assigned
trust value which is associated with the error of the model. Each proposed solu-
tion has benefits and damages. An important point to mention here is that
the quantification of the trust is based on the management theory. We have pro-
posed a trust model trust system [9,32–37,48]. This trust model has three stages:
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trust modeling, trust management, and decision making. The quantification of
the trust has been taken care of in the trust modeling and management phases.
The value comes out of the trust management phase will be applied in the deci-
sion stage (Fig. 1).

When the project starts, each expert proposes a solution about the amounts
of water to divide among everyone. The system will filter out the model according
to the extreme damages. Therefore, the model with extreme damages will be
excluded from the selection. The result is a subset of models. Then Each expert
rates the proposed solutions as well as rates other experts to model the trust.
Since each model is associated with damages, then such damages lead to a risky
decision.

As it can be seen, this decision-making model can be described as collabo-
rative and dynamic one. Collaborative because it is a group decision making,
dynamic because it adapts to the changes over time.

In this paper, we will list the existing works in Sect. 2. Then, in Sect. 3, we
will address the trust and describe its meaning to the problem domain. In Sect. 4,
we list some possible ways of ratings and explain them by examples. In Sect. 5,
we present our proposed Multi-stakeholder Decision Making based on Trust. We
apply the proposed model to a scenario in Sect. 6. Finally, we conclude the paper
and show the future direction in Sect. 7.

Fig. 1. Trust Framework which has three phases, each phase depends on the previ-
ous one

Fig. 2. Trust chain among entities in the Water Allocation system
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2 Related Work

There are several works related to decision-making while using the trust as crite-
ria. These works are different in term of trust model and decision-making tech-
nique. By analyzing the existing works, we may classify the decision-making
techniques to algorithmic, policy, MCDM (Multicriteria Decision Making)
approaches.

Trust as decision criteria has been applied to many existing works in differ-
ent applications such as e-banking environment, [2], online social networks [21],
multi-agent system world [3,29], access control [5,11,12,24,26], economy [22],
p2p (peer to peer) [13,15,17,20,25,38,43,47,49], mobile payment [27,28], vot-
ing [46], cloud computing [7], cyberspace applications [8], spam detection applica-
tion [10], mobile interaction applications [30], general application [19]. In term of
group decision making using trust, several works were proposed in different fields.
[1,4,6,18,23,31,39–42,44]. In term of making the decision about Fragmentation-
Free Land Allocation with multi-stakeholder, [45] proposed work and it has been
stated that “We introduce three frameworks for land allocation planning, namely
collaborative geodesign, spatial optimization and a hybrid model of the two,
to help stakeholders resolve the dilemma between increasing food production
capacity and improving water quality”. [14] has proposed a multi-stakeholder
framework for urban runoff quality management and showed results by using
three methods of negotiations such as a non-cooperative game, Nash model and
social choice procedures.

3 Trust

Trust is a result of meeting expectation and reaching a level of satisfaction toward
other entities in particular context. Therefore, there is no universal definition of
trust since it is context-dependent. In general, we formulate a trust toward other
entity based on our interaction with them or the level of knowledge in the case of
human and the reliability in case of a model. The factors which are corresponding
to the interaction and model reliability depends on the context. Figure 2 shows
the chain of the trust assigned to the entities in our problem domain. In the
chain, there is a trust between organization and expert, To x. There is a trust
assigned to expert based on some criteria contributes to human trust, Tx. There
is also a trust from the expert given to the model Tx m. The model also has
its trust. The result of the chain of the trust is a final trust value T which
contributes to the decision-making criteria. Each expert is assigned a trust value
based on others judgment toward him; we call it human trust. This kind of trust
is between the humans in the human networks. It can be quantified by the Social
communications between members, Experience, Background, Number of years of
Experience, Profile similarity and Friendship. There is also a trust relationship
between experts and models; we call it Human-to-Model Trust. This kind of the
trust is the one given to the model by the human. It can be quantified by the
frequency of using the model and model ratings. There is also trust related to the
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Fig. 3. Rating hierarchy structure which involves Direct and non-direct rating as well
as Human to human and Model to Model ratings (H-to-H, H-to-M). Some ratings are
given during the project and some are not (Per Project, One Time).

model, but without human judgment, we call it Model Trust. It is helpful because
it contributes to the error of the model. Therefore, the factor that quantifies this
value is the reliability of the model.

4 Possible Cases of Rating

The possible cases are shown in Fig. 3. The rating has been first classified to
Direct and Non-Direct. Next, each class is classified according to the rating
target, Human or Model knowing that the source of the rating is always human.
Then each class is further classified according to the relevancy to the project,
One time or Per Project.

The following are the criteria to rate about human and model. Some of these
criteria depend on the project (Per Project), and some are not (One Time):

– Human Criteria (One time): Years of Experience and Friendships.
– Human Criteria (Per project): Model Selections.
– Model Criteria (One time): Reliability.
– Model Criteria (Per project): Benefits, Damages, and Outcomes.

5 Multi-stakeholder Decision Making Based on Trust

Knowing that there are different approaches to decision making is very help-
ful when building a decision-making model. In our view, the decision-making
model is based on a particular algorithm we design (Algorithm 1). Additionally,
the rules and policy approach will also be used in case of having group deci-
sion making to restrict the decision makers to the predefined policies like the
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Algorithm 1. Solution Selection Algorithm based on Trust
1: procedure SelectSolution
2: S = getStakeholders()
3: Soutions = selectSolutions()
4: Damages = ComputeDamages(Solutions)
5: Benefits = ComputeBenefits(Solutions)
6: Utilities = ComputeUtilities(Damages,Benefits)
7: each Si rate solution Mj
8: T = calculateTrust(S,M)
9: Fairness = Jain(Utilities, numberofstakeholders)

10: weightedFairness = WF (Fairness, T )

Fig. 4. System workflow which has several steps. It starts with proposing solution
and the associated benefits and damages. Then, computing utilities, rating solutions,
updating trust network and computing fairness for each solution
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maximum total amount of water to allocate. So, our decision-making model is
a combination of these approaches we surveyed. The ultimate goal is to select
a model with less damage and high benefit. This ultimate goal is easy to find
for an individual stakeholder. However, with multi-stakeholder, it is challenging.
Therefore each stakeholder computes the fairness of his solution to estimate his
solution fairness to the others.

Figure 4 shows the system workflow of this decision-making model. There are
several steps. First, each stakeholder calculates the damages and benefits of the
solution they choose to use those damages and benefits to compute the utilities.
Then, the utilities are computed by subtracting the damages from the benefits
corresponding to the stakeholders for each solution. Next, each stakeholder rates
the others about their proposed solutions to show whether he agrees or not with
the solution. As a result, the trust value of each stakeholder is updated based
on our existing trust system [9,32–37,48]. After that, each stakeholder computes
the fairness to guarantee that is everyone happy with the amount to take. The
fairness formula is proposed by Jain [16] (Eq. 1). Finally, Weigh the fairness
calculated by the corresponding Trust value. If the stakeholders agree with a
particular solution due to the best trusted-fairness then, this solution is selected.
Otherwise, the stakeholder enters another round repeating the same steps but
with new solutions.

Jain(x1, x2, ..xn) =
(
∑n

i=1 xi)2

n ∗ ∑n
i=1 x

2
i

(1)

6 Experiment and Result

In this section, we are going to apply the proposed solution to a water allocation
by giving a scenario consists of two rounds.

6.1 Round 1

To simulate the water allocation scenario for the first round, we assume that
three stakeholders have conflicts. These stakeholders have assigned trust value
based on historical interaction and their profiles. Table 1 shows this kind of
information.

Table 1. Round 1, List of stakeholders and the corresponding trust values

Stakeholder Trust value

David 0.9

Steve 0.8

John 1
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Then, each one of them proposes a solution which is an amount of water to
share with other stakeholders. Tables 2, 3 and 4 shows the solutions proposed by
David, Steve and John respectively.

Table 2. Round 1, The solution proposed by David showing the percentage of water
for each stakeholders and the corresponding benefit, damage and the calculated utility
which is the damage subtracted from the benefit

Stakeholder Water percentage Benefit Damage Utility

David 50% 1 0.1 0.9

Steve 20% 0.9 0.2 0.7

John 30% 0.7 0.5 0.2

Table 3. Round 1, The solution proposed by Steve showing the percentage of water
for each stakeholders and the corresponding benefit, damage and the calculated utility
which is the damage subtracted from the benefit

Stakeholder Water percentage Benefit Damage Utility

David 40% 0.9 0.1 0.8

Steve 30 % 1 0.1 0.9

John 30% 1 0.2 0.8

Table 4. Round 1, The solution proposed by John showing the percentage of water
for each stakeholders and the corresponding benefit, damage and the calculated utility
which is the damage subtracted from the benefit

Stakeholder Water percentage Benefit Damage Utility

David 40% 0.9 0.1 0.8

Steve 25% 1 0.2 0.8

John 35% 1 0.1 0.9

After this step, the stakeholders start rating each other. Table 5 shows the
rating details. The rating is a 5-star system, five is the best, and one is the
worst. Based on the above ratings, the trust of each stakeholder is changed. So,
it is going to be 0.8, 0.9 and 1 for David, Steve, and John. After updating the
trust value, the fairness index is quantified using the utilities computed by each
stakeholder. The fairness index is calculated according to Jain’s fairness index
using Eq. 2.

F =
(
∑n

i=1 ui)2

n ∗ ∑n
i=1 u

2
i

(2)
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Table 5. Round 1, Rating values from each stakeholders to others about the solutions
proposed. This value contributes to updating the trust value for each participant

Stakeholder Trust value Stars

David Steve 5

David John 5

Steve David 1

Steve John 5

John David 1

John Steve 5

Table 6. Round 1, The solution proposed by John showing the percentage of water
for each stakeholders and the corresponding benefit, damage and the calculated utility
which is the damage subtracted from the benefit

Stakeholder Fairness Trusted Fairness

David 0.805 0.64

Steve 0.818 0.73

John 0.996 0.996

where U is the utility. Table 6 shows the computed fairness index for each pro-
posed solution.

Finally, the stakeholder decides on which solution to take by considering the
maximum trusted-fairness index. If they do not agree then they repeat the above
process until they decide on a solution.

6.2 Round 2

Table 7 shows stakeholders and the assigned trust value.
Then, each one of them proposes a solution which is an amount of water to

share with other stakeholders. Tables 8, 9 and 10 shows the solutions proposed
by David, Steve and John respectively.

After this step, the stakeholders start rating each other. Table 11 shows the
rating details. The rating is a 5-star system, five is the best, and one is the
worst. Based on the above ratings, the trust of each stakeholder is changed.

Table 7. Round 2, List of stakeholders and the corresponding trust values

Stakeholder Trust value

David 0.8

Steve 0.9

John 1
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Table 8. Round 2, The solution proposed by David showing the percentage of water
for each stakeholders and the corresponding benefit, damage and the calculated utility
which is the damage subtracted from the benefit

Stakeholder Water percentage Benefit Damage Utility

David 40% 1 0.1 0.9

Steve 20% 0.9 0.2 0.7

John 20% 0.7 0.1 0.6

Table 9. Round 2, The solution proposed by Steve showing the percentage of water
for each stakeholders and the corresponding benefit, damage and the calculated utility
which is the damage subtracted from the benefit

Stakeholder Water percentage Benefit Damage Utility

David 40% 0.9 0.1 0.8

Steve 25% 1 0.1 0.9

John 30% 1 0.2 0.8

Table 10. Round 2, The solution proposed by John showing the percentage of water
for each stakeholders and the corresponding benefit, damage and the calculated utility
which is the damage subtracted from the benefit

Stakeholder Water percentage Benefit Damage Utility

David 40% 0.9 0.1 0.8

Steve 25% 1 0.2 0.8

John 35% 1 0.1 0.9

Table 11. Round 2, Rating values from each stakeholders to others about the solutions
proposed. This value contributes to updating the trust value for each participant

Stakeholder Trust value Stars

David Steve 3

David John 5

Steve David 1

Steve John 5

John David 1

John Steve 3

So, it is going to be 0.7, 0.9 and 1 for David, Steve and John. After updating the
trust value, the fairness index is quantified using the utilities computed by each
stakeholder. The fairness index is calculated according to Jain’s fairness index.
Table 12 shows the computed fairness index for each proposed solution.
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Table 12. Round 2, The solution proposed by John showing the percentage of water
for each stakeholders and the corresponding benefit, damage and the calculated utility
which is the damage subtracted from the benefit

Stakeholder Fairness Trusted Fairness

David 0.971 0.679

Steve 0.996 0.996

John 0.996 0.996

Finally, the stakeholder decides on which solution to take by considering the
maximum trusted-fairness index. If they do not agree, then they repeat the above
process until they decide on a solution.

7 Conclusion

In this work, we presented trust-based multi-stakeholder decision-making for
water allocation to help the participants to be able to select the solution comes
from the best model. Several criteria involved when deciding on the solution
to choose such as Trust, Damage, and Benefit. The preferred scenario is when
having a high trust, low damages, high benefits. The worst scenario is when
having a low trust, high damage, and low benefit. However, in reality, where
different stakeholders are involved, it is challenging to reach a solution that
creates balance for their needs of the resources. Therefore, in the decision-making
process, Jain’s fairness index has been considered as an indicator of reaching the
balance or the equality for the stakeholders needs. Other challenges occur is
that when the stakeholder is not reliable in term of knowledge and expertise,
and then propose a solution by claiming it is fair for everyone. For this reason,
we considered the trust among stakeholders to avoid such cases. Having Trusted
Fairness is useful for ensuring the stakeholder reliability, reducing the stakeholder
tendency to request the full amount of resources and increasing the stakeholder’s
reputation. For the future direction, we will apply our proposed decision-making
model in energy allocation.
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model based on trust and security risk management. In: Brankovic, L., Susilo, W.
(eds.) Proceedings of the Seventh Australasian Conference on Information Security,
vol. 98, (AISC 2009), pp. 61–70. Australian Computer Society, Inc., Darlinghurst,
Australia (2009)

3. Ahmadi, K., Allan, V.H.: Trust-based decision making in a self-adaptive agent
organization. ACM Trans. Auton. Adapt. Syst. 11(2), 25 (2016). Article ID: 10,
doi:10.1145/2839302

4. Alonso, S., Perez, I.J., Cabrerizo, F.J., Herrera-Viedma, E.: A fuzzy group decision
making model for large groups of individuals. In: 2009 IEEE International Con-
ference on Fuzzy Systems, Jeju Island, pp. 643–648 (2009). doi:10.1109/FUZZY.
2009.5277355

5. Burnett, C., Chen, L., Edwards, P., Norman, T.J.: TRAAC: trust and risk aware
access control. In: 2014 Twelfth Annual International Conference on Privacy, Secu-
rity and Trust, Toronto, ON, pp. 371–378 (2014). doi:10.1109/PST.2014.6890962

6. Capuano, N., Chiclana, F., Fujita, H., Herrera-Viedma, E., Loia, V.: Fuzzy group
decision making with incomplete information guided by social influence. IEEE
Trans. Fuzzy Syst. PP(99), p. 1. doi:10.1109/TFUZZ.2017.2744605

7. Cayirci, E.: A joint trust and risk model for MSaaS mashups. In: Winter Simu-
lations Conference (WSC), Washington, DC, pp. 1347–1358 (2013). doi:10.1109/
WSC.2013.6721521

8. Cho, J.-H., Cam, H., Oltramari, A.: Effect of personality traits on trust and risk to
phishing vulnerability: modeling and analysis. In: 2016 IEEE International Multi-
disciplinary Conference on Cognitive Methods in Situation Awareness and Decision
Support (CogSIMA), San Diego, CA, pp. 7–13 (2016). doi:10.1109/COGSIMA.
2016.7497779

9. Chomphoosang, P., Ruan, Y., Durresi, A., Durresi, M., Barolli, L.: Trust manage-
ment of health care information in social networks. In: 2013 Seventh International
Conference on Complex, Intelligent, and Software Intensive Systems, Taichung, pp.
228–235 (2013). doi:10.1109/CISIS.2013.45

10. Dimmock, N., Bacon, J., Ingram, D., Moody, K.: Risk Models for Trust-Based
Access Control (TBAC), pp. 364–371. Springer, Heidelberg (2005)

11. Dimmock, N., Belokosztolszki, A., Eyers, D., Bacon, J., Moody, K.: Using trust
and risk in role-based access control policies. In Proceedings of the Ninth ACM
Symposium on Access Control Models and Technologies (SACMAT 2004), pp.
156–162. ACM, New York (2004). doi:10.1145/990036.990062

12. Duan, J., Gao, D., Foh, C.H., Leung, V.C.M.: Trust and risk assessment app-
roach for access control in wireless sensor networks. In: 2013 IEEE 78th Vehicular
Technology Conference (VTC Fall), pp. 1–5, Las Vegas, NV (2013). doi:10.1109/
VTCFall.2013.6692446

13. Gan, Z., Xiao, X., Li, K.: A multi-dimension trust risk evaluation for e-commerce
systems. In: Eighth Web Information Systems and Applications Conference,
Chongqing, pp. 143–149 (2011). doi:10.1109/WISA.2011.34

14. Ghodsi, S.H., Kerachian, R., Zahmatkesh, Z.: A multi-stakeholder framework for
urban runoff quality management: application of social choice and bargaining tech-
niques. Sci. Total Environ. 550, 574–585 (2016). ISSN: 0048-9697, doi:10.1016/j.
scitotenv.2016.01.052

http://dx.doi.org/10.1145/2839302
http://dx.doi.org/10.1109/FUZZY.2009.5277355
http://dx.doi.org/10.1109/FUZZY.2009.5277355
http://dx.doi.org/10.1109/PST.2014.6890962
http://dx.doi.org/10.1109/TFUZZ.2017.2744605
http://dx.doi.org/10.1109/WSC.2013.6721521
http://dx.doi.org/10.1109/WSC.2013.6721521
http://dx.doi.org/10.1109/COGSIMA.2016.7497779
http://dx.doi.org/10.1109/COGSIMA.2016.7497779
http://dx.doi.org/10.1109/CISIS.2013.45
http://dx.doi.org/10.1145/990036.990062
http://dx.doi.org/10.1109/VTCFall.2013.6692446
http://dx.doi.org/10.1109/VTCFall.2013.6692446
http://dx.doi.org/10.1109/WISA.2011.34
http://dx.doi.org/10.1016/j.scitotenv.2016.01.052
http://dx.doi.org/10.1016/j.scitotenv.2016.01.052


Trust-Based Multi-stakeholder Decision Making in Water Allocation System 325

15. Grazioli, S., Wang, A.: Looking without seeing: Understanding unsophisticated
consumers success and failure to detect internet deception. In: Proceedings
of the International Conference on Information Systems, ICIS 2001, 16–19
December 2001, New Orleans, Louisiana, USA, p. 193 (2001). http://aisel.aisnet.
org/icis2001/23

16. Hartaman, A., Rahmat, B., Istikmal, I.: Performance and fairness analysis (using
Jain’s index) of AODV and DSDV based on ACO in MANETs. In: 2015 4th
International Conference on Interactive Digital Media (ICIDM), Bandung, pp. 1–7
(2015). doi:10.1109/IDM.2015.7516337

17. Hu, X.: A game-trust-risk based framework to enhance reliable interaction in
e-commerce. In: 2010 3rd International Conference on Computer Science and
Information Technology, Chengdu, pp. 424–428 (2010). doi:10.1109/ICCSIT.2010.
5565191

18. Indiramma, M., Anandakumar, K.R.: Collaborative decision making framework for
multi-agent system. In: 2008 International Conference on Computer and Commu-
nication Engineering, Kuala Lumpur, pp. 1140–1146 (2008). doi:10.1109/ICCCE.
2008.4580785

19. Jsang, A., Presti, S.L.: Analysing the Relationship Between Risk and Trust, pp.
135–145. Springer, Heidelberg (2004)

20. Kim, D.J., Ferrin, D.L., Rao, H.R.: A trust-based consumer decision-making model
in electronic commerce: the role of trust, perceived risk, and their antecedents.
Decis. Support Syst. 44(2), 544–564 (2008). doi:10.1016/j.dss.2007.07.001, http://
www.sciencedirect.com/science/article/pii/S0167923607001005

21. Jiang, W., Wu, J., Wang, G.: On selecting recommenders for trust evaluation in
online social networks. ACM Trans. Internet Technol. 15(4), 21, Article ID: 14
(2015). doi:10.1145/2807697

22. Dickson, K.W., Chiu, H.-F.L., Lam, K.-M.: Making personalized recommendations
to customers in a service-oriented economy: a quantitative model based on repu-
tation and risk attitude. In: Proceedings of the 7th International Conference on
Electronic Commerce (ICEC 2005), pp. 210–216. ACM, New York (2005). doi:10.
1145/1089551.1089592

23. Lau, B.P.L., Singh, A.K., Tan, T.P.L.: Weighted voting game based algorithm for
joining a microscopic coalition. In: IEEE International Conference of IEEE Region
10 (TENCON 2013), Xi’an, pp. 1–4 (2013). doi:10.1109/TENCON.2013.6718491

24. Li, Y., Sun, H., Chen, Z., Ren, J., Luo, H.: Using trust and risk in access control
for grid environment. In: 2008 International Conference on Security Technology,
pp. 13–16, Hainan Island (2008). doi:10.1109/SecTech.2008.50

25. Li, Y., Zhao, M., Sun, H., Chen, Z.: A trust and risk framework to enhance reliable
interaction in e-commerce. In: 2008 IEEE International Conference on e-Business
Engineering, Xi’an, pp. 475–480 (2008). doi:10.1109/ICEBE.2008.80

26. Liu, F., Wang, J., Bai, H., Sun, H.: Access control model based on trust and
risk evaluation in IDMaaS. In: 2015 12th International Conference on Information
Technology - New Generations, Las Vegas, NV, pp. 179–184 (2015). doi:10.1109/
ITNG.2015.34

27. Mingxing, S., Jing, F., Yafang, L.: An empirical study on consumer acceptance
of mobile payment based on the perceived risk and trust. In: 2014 International
Conference on Cyber-Enabled Distributed Computing and Knowledge Discovery,
Shanghai, pp. 312–317 (2014). doi:10.1109/CyberC.2014.62

28. Patrick, A.S.: Building trustworthy software agents. IEEE Internet Comput. 6(6),
46–53 (2002). doi:10.1109/MIC.2002.1067736

http://aisel.aisnet.org/icis2001/23
http://aisel.aisnet.org/icis2001/23
http://dx.doi.org/10.1109/IDM.2015.7516337
http://dx.doi.org/10.1109/ICCSIT.2010.5565191
http://dx.doi.org/10.1109/ICCSIT.2010.5565191
http://dx.doi.org/10.1109/ICCCE.2008.4580785
http://dx.doi.org/10.1109/ICCCE.2008.4580785
http://dx.doi.org/10.1016/j.dss.2007.07.001
http://www.sciencedirect.com/science/article/pii/S0167923607001005
http://www.sciencedirect.com/science/article/pii/S0167923607001005
http://dx.doi.org/10.1145/2807697
http://dx.doi.org/10.1145/1089551.1089592
http://dx.doi.org/10.1145/1089551.1089592
http://dx.doi.org/10.1109/TENCON.2013.6718491
http://dx.doi.org/10.1109/SecTech.2008.50
http://dx.doi.org/10.1109/ICEBE.2008.80
http://dx.doi.org/10.1109/ITNG.2015.34
http://dx.doi.org/10.1109/ITNG.2015.34
http://dx.doi.org/10.1109/CyberC.2014.62
http://dx.doi.org/10.1109/MIC.2002.1067736


326 L. Alfantoukh et al.

29. Pereira, A., Rodrigues, N., Barbosa, J., Leito, P.: Trust and risk management
towards resilient large-scale cyber-physical systems. In: IEEE International Sym-
posium on Industrial Electronics, Taipei, Taiwan, pp. 1–6 (2013). doi:10.1109/ISIE.
2013.6563837

30. Quercia, D., Hailes, S.: Risk aware decision framework for trusted mobile interac-
tions (2005)

31. Rodriguez, M.A.: Social decision making with multi-relational networks and
grammar-based particle swarms. In: 40th Annual Hawaii International Conference
on System Sciences, HICSS 2007, Waikoloa, HI, p. 39 (2007). doi:10.1109/HICSS.
2007.487

32. Ruan, Y., Durresi, A.: A survey of trust management systems for online social
communities - trust modeling, trust inference and attacks. Knowl. Based Syst.
106(C), 150–163 (2016). doi:10.1016/j.knosys.2016.05.042

33. Ruan, Y., Durresi, A.: A trust management framework for cloud computing plat-
forms. In: 2017 IEEE 31st International Conference on Advanced Information Net-
working and Applications (AINA), Taipei, pp. 1146–1153 (2017)

34. Ruan, Y., Alfantoukh, L., Durresi, A.: Exploring stock market using Twitter trust
network. In: 2015 IEEE 29th International Conference on Advanced Information
Networking and Applications, Gwangiu, pp. 428–433 (2015). doi:10.1109/AINA.
2015.217

35. Ruan, Y., Durresi, A., Alfantoukh, L.: Trust management framework for internet
of things. In: 2016 IEEE 30th International Conference on Advanced Informa-
tion Networking and Applications (AINA), Crans-Montana, pp. 1013–1019 (2016).
doi:10.1109/AINA.2016.136

36. Ruan, Y., Alfantoukh, L., Fang, A., Durresi, A.: Exploring trust propagation
behaviors in online communities. In: 2014 17th International Conference on
Network-Based Information Systems, Salerno, pp. 361–367 (2014). doi:10.1109/
NBiS.2014.91

37. Ruan, Y., Zhang, P., Alfantoukh, L., Durresi, A.: Measurement theory-based trust
management framework for online social communities. ACM Trans. Internet Tech-
nol. 17(2), 24 (2017). Article ID: 16, doi:10.1145/3015771

38. Ruizhong, D., Xiaoxue, M., Zixian, W.: Dynamic trust model based on per-
ceived risk. In: 2010 International Conference on E-Business and E-Government,
Guangzhou, pp. 2037–2040 (2010). doi:10.1109/ICEE.2010.515

39. Sanchez-Anguix, V., Julian, V., Botti, V., Garcia-Fornes, A.: Reaching unanimous
agreements within agent-based negotiation teams with linear and monotonic utility
functions. IEEE Trans. Syst. Man Cybern. Part B (Cybern.) 42(3), 778–792 (2012).
doi:10.1109/TSMCB.2011.2177658

40. Singh, A.J., Acharya, S., Dutta, A.: Agent based task specific team formation for
effective distributed decision making. In: 2013 10th International Conference on
Electrical Engineering/Electronics, Computer, Telecommunications and Informa-
tion Technology, Krabi, pp. 1–6 (2013). doi:10.1109/ECTICon.2013.6559568

41. Su, J.M., Liu, B.H., Gao, Z.Y., Li, Q., Ma, H.X.: A opinion dynamic model of
group experts free discussion. In: 25th Chinese Control and Decision Conference
(CCDC), Guiyang, pp. 1638–1642 (2013). doi:10.1109/CCDC.2013.6561193

42. Tundjungsari, V., Istiyanto, J.E., Winarko, E., Wardoyo, R.: A reputation based
trust model to seek judgment in participatory group decision making. In: 2010
International Conference on Distributed Frameworks for Multimedia Applications,
Yogyakarta, pp. 1–7 (2010)

http://dx.doi.org/10.1109/ISIE.2013.6563837
http://dx.doi.org/10.1109/ISIE.2013.6563837
http://dx.doi.org/10.1109/HICSS.2007.487
http://dx.doi.org/10.1109/HICSS.2007.487
http://dx.doi.org/10.1016/j.knosys.2016.05.042
http://dx.doi.org/10.1109/AINA.2015.217
http://dx.doi.org/10.1109/AINA.2015.217
http://dx.doi.org/10.1109/AINA.2016.136
http://dx.doi.org/10.1109/NBiS.2014.91
http://dx.doi.org/10.1109/NBiS.2014.91
http://dx.doi.org/10.1145/3015771
http://dx.doi.org/10.1109/ICEE.2010.515
http://dx.doi.org/10.1109/TSMCB.2011.2177658
http://dx.doi.org/10.1109/ECTICon.2013.6559568
http://dx.doi.org/10.1109/CCDC.2013.6561193


Trust-Based Multi-stakeholder Decision Making in Water Allocation System 327

43. Wang, Y., Lin, F.R.: Trust and risk evaluation of transactions with different
amounts in peer-to-peer e-commerce environments. In: 2006 IEEE International
Conference on e-Business Engineering (ICEBE 2006), Shanghai, pp. 102–109
(2006). doi:10.1109/ICEBE.2006.102

44. Wu, J., Chiclana, F.: A social network analysis trustconsensus based approach to
group decision-making problems with interval-valued fuzzy reciprocal preference
relations. Knowl. Based Syst. 59, 97–107 (2014). ISSN: 0950-7051, doi:10.1016/j.
knosys.2014.01.017

45. Xie, Y., Runck, B.C., Shekhar, S., Kne, L., Mulla, D., Jordan, N., Wiringa, P.:
Collaborative geodesign and spatial optimization for fragmentation-free land allo-
cation. ISPRS Int. J. Geo-Inf. 6(7), 226 (2017)

46. Yao, Q., Zhao, M., Li, Y., Gao, Z.-M.: A trust and risk based dispute settlement
mechanism in e-voting. In: 2009 International Conference on Machine Learning and
Cybernetics, Baoding, pp. 2775–2780 (2009). doi:10.1109/ICMLC.2009.5212648

47. Ye, L.: The establishment of perceived risk and trust in e-commerce. In: 2012 Sec-
ond International Conference on Business Computing and Global Informatization,
Shanghai, pp. 229–232 (2012). doi:10.1109/BCGIN.2012.66

48. Zhang, P., Durresi, A., Ruan, Y., Durresi, M.: Trust based security mechanisms for
social networks. In: 2012 Seventh International Conference on Broadband, Wireless
Computing, Communication and Applications, Victoria, BC, pp. 264–270 (2012).
doi:10.1109/BWCCA.2012.50

49. Zuo, C., Zhou, J., Feng, H.: A security policy based on bi-evaluations of trust and
risk in P2P Systems. In: 2010 2nd International Conference on Education Tech-
nology and Computer, Shanghai, pp. V5-304–V5-309 (2010). doi:10.1109/ICETC.
2010.5530065

http://dx.doi.org/10.1109/ICEBE.2006.102
http://dx.doi.org/10.1016/j.knosys.2014.01.017
http://dx.doi.org/10.1016/j.knosys.2014.01.017
http://dx.doi.org/10.1109/ICMLC.2009.5212648
http://dx.doi.org/10.1109/BCGIN.2012.66
http://dx.doi.org/10.1109/BWCCA.2012.50
http://dx.doi.org/10.1109/ICETC.2010.5530065
http://dx.doi.org/10.1109/ICETC.2010.5530065

	Trust-Based Multi-stakeholder Decision Making in Water Allocation System
	1 Introduction
	2 Related Work
	3 Trust
	4 Possible Cases of Rating
	5 Multi-stakeholder Decision Making Based on Trust
	6 Experiment and Result
	6.1 Round 1
	6.2 Round 2

	7 Conclusion
	References




