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Abstract. Supply chains have become an important focus for competitive 
advantage. The performance of a company increasingly depends on its ability to 
maintain effective and efficient relationships with its suppliers and customers. The 
extended enterprise (i.e. composed of several partners) needs to be dynamically 
formed in order to be agile and adaptable. According to the Digital Manufacturing 
paradigm, companies have to be able to quickly share and disseminate information 
regarding planning, designing and manufacturing of products. Additionally, they 
must be responsive to all technical and business determinants, as well as be 
assessed and certified for guaranteed performance. The current research intends to 
present a solution for the dynamic composition of the extended enterprise, formed 
to take advantage of market opportunities quickly and efficiently. A protocol 
model has been elaborated and inspired in the OSI reference model with reference 
to the Supply Chain Operations Reference model (SCOR®). This model provides 
a framework for linking customers and suppliers. It is presented in the form of 
seven layers that relate to steps for negotiating the participation of candidate 
companies in the dynamic establishment of a network for responding to a given 
demand for developing and manufacturing products, as follows: request for 
information; request for qualification; alignment of strategy; request for proposal; 
request for quotation; compatibility of process; and compatibility of system. An 
information model has been defined based on the concepts of SCOR® as well. The 
protocol model has been implemented by means of process modeling according to 
the BPMN standard and, in turn, implemented as a web-based application that runs 
the process through its several steps, which uses forms to gather data. An 
application example in the context of the oil and gas industry is used for 
demonstrating the solution concept. 
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1. Introduction  

 
Supply chains have become an important focus for competitive advantage. The 
performance of a single company increasingly depends on its ability to maintain 
effective and efficient relationships with suppliers and customers [1]. Extended 
Enterprise is the most descriptive term highlighting managerial aspects of 
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intraorganizational collaboration [2]. In this context, the Intelligent Manufacturing 
Research Program, inspired in IMTI’s challenges for manufacturing in the 21st century 
[3] and implemented at UTFPR, has pointed out several demands, among which the 
need to develop models for dynamically establishing supplier networks is dealt in the 
current research project. It proposes a scenario of great agility and adaptability, where 
an extended enterprise is evaluated, certified for assured performance and built from 
numerous best-in-class suppliers. Its operation would allow information sharing, cost-
effective and accelerated design, and optimized manufacturing processes. 

One of the core problems in the dynamic formation of supply chains is the proper 
selection of partners to realize the goal of the whole network. Developing appropriate 
supply chain strategies that align effective supply chain practices with information 
quality can be challenging [1], as stakeholders from the supply and demand side are 
brought together to share and understand design information [4].  

 Most of the research studies conducted with in the major topic of supply chain 
formation focus on costs. Kim and Cho [4] present a method for the supply chain 
formation problem by using negotiation agents for information sharing. Both internal 
and external factors are considered for making a decision. All members are rewarded 
simultaneously and thus consequently accelerate performance of the whole supply 
chain. This enables resource allocation and pricing to be made more efficiently. 
Negotiation is grounded in costs, which is verified with suppliers and manufacturers. 
Best combinations are chosen as to obtain lower cost values. Kim and Segev [5] 
propose a mechanism, named Multi-Component Contingent Auction (MCCA) for 
combining the suppliers with the minimum total cost. A major problem in MCCA is the 
number of computations required for winner determination.  

The current research intends to present a solution for the composition of the 
extended enterprise, formed to take advantage of market opportunities quickly and 
efficiently. The research aims to answer the following question considering the above 
problems: what would a model, which can be used for dynamically forming supplier 
networks, look like? This work has as contribution a proposal of protocol model, 
information model and process model. 

The present article is structured as follows: Section 1 presents introduction, 
Section 2 shows theoretical background, Section 3 details the methodological aspects, 
Section 4 shows results and discussion and Section 5 presents conclusion. 

2. Theoretical Background 

The extended enterprise (EE) framework arose in high-tech industries with large chains 
of suppliers to face the current challenges related to innovation and competition in 
complex scenarios [6]. EE is defined as a long-term cooperation and partnership based 
on information and knowledge exchange and the coordination of the manufacturing 
activities of collaborating independent enterprises and related suppliers. Enterprise 
modeling is considered as the process of building models from the whole or part of the 
enterprise such as process models, data models, resource models etc [7]. 

In this context, different modeling approaches such as OSI, SCOR and BPMN can 
be combined and applied. OSI is a standard description or a reference model. It is a 
conceptual blueprint of how communication should take place. On the other hand, 
SCOR is a supply chain reference model with standardized terminology and processes. 
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And BPMN is a standard notation for capturing business processes and graphically 
representing them. These approaches are detailed in the following sections. 

2.1. OSI Model 

ISO (International Organization for Standardization) introduced the OSI (Open System 
Interconnection) standard in 1984. The model is thought to contribute to make network 
troubleshooting faster and easier [8].  

OSI is a standard description or a reference model for defining how messages 
should be transmitted between any two points in a telecommunication network. A 
reference model is a conceptual blueprint of how communication should take place. It 
addresses all the process required for effective communication and divides these 
processes into logical grouping called layers. When a communication system is 
designed in this manner, it is known as layered architecture. OSI isn’t a physical model, 
though. Rather, it’s a set of guidelines that application developers used to create and 
implement application that run on a network. It also provides a framework for creating 
and implementing networking standards, devices, and internetworking schemes [9]. 

2.2. SCOR 

The Supply Chain Operations Reference model (SCOR®) is the product of Supply 
Chain Council, Inc. (SCC) a global non-profit consortium whose methodology and 
benchmarking tools help organizations make dramatic and rapid improvements in 
supply chain processes. SCC membership is open to all companies and organizations 
interested in applying and advancing the state-of-the-art and practices [10]. 

SCOR is a reference model with standardized terminology and processes. It was 
first defined in 1996. Since then, several companies have adopted the SCOR model and 
methodology [11]. SCOR provides a unique framework that links business process, 
metrics, best practices and technology into a unified structure to support 
communication among supply chain partners and to improve the effectiveness of 
supply chain management and related supply chain improvement activities [10]. 

Currently, SCOR is in Version 11.0. Revisions of the model are made when it is 
determined by SCC members that changes should be made to facilitate the use of the 
model in practice. The SCOR model has been associated with phases for fulfilling a 
customer's demand and is organized around six primary management processes: Plan, 
Source, Make, Deliver, Return and Enable [10]. 

2.3. BPMN 

Business Process Model and Notation (BPMN) is the de facto standard for representing, 
in a very expressive graphical way, the processes occurring in virtually every kind of 
organization [12]. BPMN is a standard notation for capturing business processes, 
especially at the level of domain analysis and high-level systems design [13]. 

To get more agility and efficiency, a higher degree of automation is required [14]. 
Software Tools are used for the representation of BPMN. Bonita, a software suite, has 
been pointed out as one of the best open-source software for modeling and publishing 
BPMN 2.0 processes, based on a survey conducted with members of a LinkedIn group 
related to BPMN [12]. 
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3. Methodological Aspects 

The present work has been conducted in three phases, as described by the flowchart in 
Figure 1. In phase 1, literature research was carried out on topics OSI model, SCOR 
and BPMN. 

In phase 2, a protocol model was drawn up. This protocol model is a diagram that 
indicates the steps to be followed in order to select companies as suppliers. Next, 
requirements and information important to assess suppliers were defined, based on 
SCOR, resulting in an information model. Still in this phase, the negotiation process 
was modeled in BPMN with the community edition of software tool Bonita [15], which 
allows its implementation in a web-like environment. 

In phase 3, a product related to the oil and gas industry was selected as an 
application example. Information regarding the singularity of this context was gathered, 
to be used as an application example.  A simulation of the modeled process was carried 
out using the automated process created in Bonita, from the moment a given demand is 
initiated by the customer, until the selection of suppliers is accomplished. In phase 4 
the analysis of results was carried out.  

 
 

 
 

Figure 1. Flowchart of research activities. 

4. Results and Discussion 

The resulting protocol model provides a framework for linking customers and suppliers. 
This protocol model, as represented in Figure 2, has been elaborated and inspired in the 
OSI reference model. In this model, 7 layers were defined: Request for information; 
Request for qualification; Alignment of strategy; Request for proposal, Request for 
quotation, Compatibility of process; and Compatibility of system.  
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Figure 2. Protocol Model. 

 
The layers in the protocol model represent the steps for negotiating the 

participation of candidate companies in the dynamic establishment of a network for 
responding to a given demand for the development and manufacturing of products. 
Candidate companies can move on to the next step each time they are approved, until 
they are finally approved to fulfill demand. A brief explanation of each layer follows:   

• Request for information (RFI): in this step information is collected about 
which products and services are to be provided, in order to verify whether they meet a 
business need;  

• Request for qualification (RFQ): in this step, information is collected on the 
qualifications of suppliers, specifically certifications for the production processes; and 
if environmental issues are to be fulfilled; 

• Alignment of strategy: in this step information is verified about mission, 
vision and values of the supplier, and if they are aligned with the customer company; 

• Request for proposal: in this step information is verified about the companies’ 
history, financial information, expertise, compliance with technical specifications and 
time-to-supply requirements; 

• Request for quotation: in this step, prices of products or services are checked; 
• Compatibility of process: in this step, information is collected on the 

compatibility of production processes; 
• Compatibility of system: in this step, information related to the compatibility 

between IT systems is checked. 
The contents of the negotiation with the supplier are based on the Supply Chain 

Operations Reference model (SCOR®). As a result, an information model for all 
negotiation steps has been built. For example, Table 1 describes the information model 
developed for layer Alignment Strategy.  

Process mapping was performed according to BPMN. The following activities 
were modeled: Demand presentation by the client; Receipt and analysis of demand; 
Definition of specifications related to product and process; as well as the steps involved 
in the supplier selection. 
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Table 1. Information model of the layer named Alignment Strategy. 

 
 

The overall process was then broken into subprocesses: Demand; RFI; RFQ; 
Alignment Strategy; Request for Proposal; Request for Quotation; Compatibility of 
Process; and Compatibility of System.  The resulting business process model is 
presented in Figure 3. 

 
Figure 3. Overall process model. 
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Next, the subprocesses were detailed and are the individual tasks are assigned to 
actors, as represented in Figure 4. It is the possible to include forms related in the tasks, 
Figure 5, which directly map to the information model created previously.  

 

 
 

Figure 4. Representation of tasks, actors in a subprocess. 
 

 
 

Figure 5. Inclusion of forms associated with tasks. 
 

After the process and subprocesses are modeled, and tasks, actors and forms are 
defined, it is possible to “run the process” in the form of a web portal as depicted in 
Figures 6 and 7. 
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Figure 6. “Running” the process. 
 
 

 
 

Figure 7. Starting the process. 
 

An application of the process and information model was conducted. For that 
purpose, a common product in the oil and gas industry was selected: a transportation 
skid. In this case, a transportation skid is to be designed to interface with the Ocean 
Epoch’s skidding system [16]. 

In the first step of the example, the customer accesses the web portal and defines 
the demand. The customer can describe the product, quantity and upload a file with 
details of the demand in order to assist the analysis that will follow. 

The next task is performed by the tender professional, who examines whether the 
customer proposal is part of the company's scope of action. The actor, tender 
professional, accesses the data and indicates if the opportunity is related to the scope of 
the company. If the opportunity isn’t related to the company then the tender 
professional sends a message to the customer through the portal and the customer can 
access the answer. If the opportunity is related to the company, the next task is sent to 
Engineering, who decides if it is technically feasible. If so, then the process proceeds 
through the tasks related to product and process specifications as accountable actors get 
engaged and respond. 

With the defined specifications, the company starts to contact candidates to 
become suppliers. The negotiation is performed through tasks and access through the 
web portal. In this step the supplier fills in the forms with the required information for 
each step. And after a procurement professional examines the information, selects the 
option if the supplier is approved for the next step or not. If the supplier isn’t approved 
for the next step, the procurement professional sends a message to the supplier that can 
be accessed via the web portal. If the supplier is approved for the next step, a new task 
becomes available for accomplishment.  
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Figure 8. Tasks related to Supplier - Subprocess Alignment Strategy. 
 

Figures 8 and 9 show the negotiation of step Alignment Strategy. Figure 8 shows 
tasks (1, 2, 3) accomplished by the supplier, whereas Figure 9 shows tasks (4, 5, 6, 7, 
8) accomplished by the procurement professional. After all subprocesses are completed 
and a given supplier may actually be considered part of the network to be engaged in a 
given demand.  

 

 
 

Figure 9. Tasks in subprocess Alignment Strategy, to be assigned to Procurement. 
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5. Conclusion 

In the present work, a layered protocol model has been developed to support the 
dynamic formation of supply networks, triggered by a given demand. As negotiation 
advances in steps, information about the demand is only revealed as needed, and 
completely exposed once the selection of suppliers is complete.  

Using SCOR as a basis for building the information model allows companies to 
develop internal procedures that support standards for supply chain operations. In 
addition, BPMN can support such standards and allow integration of processes in 
customers and suppliers within the Extended Enterprise. Modeling business processes 
in tools like Bonita also allows the direct creation of software applications that are 
driven by customized processes.                                            

Nevertheless, some limitations have been identified as to how adherent to BPMN 
tools such as Bonita are presently. For example, simulating negotiation processes with 
several suppliers simultaneously (i.e. multiple instances) is an issue yet to be solved. In 
the case of the application example used for validation, each supplier would have to run 
separate instances of the process, not necessarily simultaneously. For future work, this 
interaction of competing suppliers would be desirable. 
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