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ABSTRACT 

Due to the highly complex nature of a dynamic supply chain, modeling and analyzing of supply 

chain processes using formal and quantitative approaches is a challenging task. Modeling and 

analysis of such a complex system is crucial for performance evaluation and for comparing 

competing supply chains. Since today's manufacturing enterprises are more strongly coupled in 

terms of material, information and service flows, there exists a strong urge for a process oriented 

approach to address the issues of integrated modeling and analysis. Many of the past studies 

neglected significant impacts of such integration issues and these models from past studies were 

confined in their capability and applicability to analyze dynamic supply chain process. An 

integrated formal and quantitative model, addressing the above mentioned issues that allow 

supply chain managers to quickly evaluate various design and operation alternatives with 

satisfactory accuracy, becomes imperative. Therefore, the proposed hybrid methodologies can be 

viewed as a glue to enhance the connection of the major building blocks in the supply chain. 

This work addresses the following supplier related issues in a dynamic supply chain: 

• Supplier selection 

• Supplier buyer relationships 

• Supplier buyer flexibility in relationships 

• Conflict related issues including the conflicts at the boundary of supply chains. 

• Flow of entities, information and performance analysis. 

• Operations of a supply chain in vague and fuzzy conditions. 

The objective of this research work is to develop viable modeling methodologies and analyzing 

algorithms for a dynamic supply chain so that the logic properties of supply chain process 

models can be analyzed and verified. This problem requires more attention then it has received in 

the integrated supply chain literature to date. This research work identifies key research gaps 

which are crucial in providing an insight that there is a significant opportunity to develop hybrid 

modeling approaches and analysis methodology for supplier related issues in a dynamic supply 

chain. Considering the dynamic characteristics of a supply chain, the proposed hybrid 

approaches are utilized as modeling tools to study the impact of different supply chain strategies 

and policies. They will help the managers and supply chain practioners in their decision making. 
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This work analyzes how diverse modeling techniques such as agent technology, petri nets, fuzzy 

logic and data mining can be applied to support dynamic supply chain configurations with 

reference to supplier related issues. This research study proposes an approach based on fuzzy 

association rule mining for supplier selection. The proposed approach incorporates fuzzy 

frameworks coupled with rules mining algorithm to support the decision makers by enhancing 

the flexibility in making decisions for evaluating suppliers with both tangible and intangible 

characteristics. In this research, multi-agent system (MAS) based frameworks are proposed. A 

novel Negotiation-to-Coordinate (N2C) mechanism is proposed for modeling supplier-buyer 

relationships. A multi-agent based framework is proposed for modeling flexibility in supplier-

buyer relationships. A high level petri net is combined with probabilistic reasoning as 

Probabilistic Petri net (PPN) to model a MAS for detecting together goal and plan conflicts 

dynamically and concurrently. A MAS conflict recognition and investigation methodology is 

proposed for the optimal and near-to-optimal solutions of supply chain. A Simple Variance 

Display (SVD) index. is introduced as a competence index to quantify conflict. Also, a multi-

agent based e-negotiation support model is proposed for boundary conflict resolution. This 

research study proposes petri net models for modeling the flow of entities, information and the 

performance analysis as well as the issues of operations of supply chain in vague and fuzzy 

conditions. A novel High Intelligent Time (HIT) and Fuzzy Enhanced High Level Petri net 

(FEHLPN) models are proposed. Also, a study is done to understand the potential values of 

sharing timely supply information with random demands at retail outlet. 

Keywords: Supply Chain Management, Supplier selection, Supplier-buyer relationships, 

flexibility, Conflicts, Multi-agent System, Petri net, Fuzzy Logic, Hybrid approaches, 

Negotiation, Coordination. 
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