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Abstract 
To provide automated access to multiple analysis tools, such as discrete event simulation or 
optimization, we apply model-based systems engineering (MBSE) methodologies to construct a 
SCOR®-compliant supply chain reference architecture using OMG SysML™. From the 
conceptual model, we formulate reusable transformations and then demonstrate the methodology 
to generate simulations of inventory models. 
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Introduction 

Automated access to multiple computational analyses from a single model of the system of 
interest is standard in many engineering disciplines. However, supply chain logistics analyses are 
often purpose-built to answer specific questions and therefore have many possible 
implementations depending on the question, the instance data, and the solver. Providing access to 
multiple analyses from a single conceptual model of the target system would be beneficial to 
supply chain engineers who seek to reduce the time required to develop, validate, and test system 
models. The primary focus of this paper is to present a new conceptual model for supply chain 
engineering to bridge the gap between supply chain practice and the analysis models required to 
support operational decision making and system optimization. This gap is primarily semantic in 
nature, where textual descriptive models, such as the Supply Chain Operations Reference 
(SCOR) model, capture supply chain semantics while analysis semantics typically are captured 
using mathematical formalisms. Therefore, it is necessary for any resultant conceptual model to 
facilitate the translation from the descriptive supply chain semantics to executable analysis 
semantics. 

An object oriented modeling (OOM) paradigm is a natural way to model a complex 
system because it builds upon the domain expert’s ability to view a system as collections of 
related objects, including attributes of those objects, sub-components of those objects, and 
groupings of similar objects (Coad and Yourdon 1991). OOM facilitates modular design and 
promotes reusability. SysML, an extension of the UML, provides an OOM environment that is 
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used in many system engineering design paradigms, including Model-Based Systems 
Engineering (MBSE) (Estefan 2007). As a formal language UML, and therefore its extension 
SysML, is a key enabler to algorithmically transforming a descriptive system model into 
desirable analysis models. 

Currently there is a very small intersection of the MBSE and supply chain communities. 
To expand this intersection, we adopted an existing supply chain modeling paradigm, the Supply 
Chain Operations Reference (SCOR) model, to provide familiar syntax to the supply chain 
stakeholders unfamiliar with systems engineering methodologies and the SysML semantics.  

The proposed descriptive model for supply chain engineering integrates a SCOR-
compliant domain specific language (DSL) into an object-oriented supply chain reference 
architecture specified in SysML. This extends the taxonomy of supply chain models presented in 
Beamon (1998). We then use the reference architecture as the fixed point to construct 
transformations to discrete event simulations using SimEvents®. Other simulation solvers or 
other analysis models could be used as well. 

The organization of the rest of this paper is as follows: Section (2) provides background 
on SysML, the associated methodologies for creating the desired conceptual model in SysML, 
and the SCOR model. Section (3) illustrates the integration of SCOR into the new conceptual 
model by focusing on a set of supply chain activities of interest. Section (4) will demonstrate the 
construction of an analysis model in SimEvents.  

Background: SysML 

In 2006, OMG published the initial standard for SysML, which is an extension from UML to 
create a general-purpose modeling language for systems engineering applications that supports 
the specification, analysis, design, verification, and validation of a broad range of complex 
systems that may include hardware, software, and physical environments. It is able to capture the 
structure, behavior, dynamics or parametrics, and requirements of the system; furthermore, all 
four of these aspects are derived from the same model of the system. SysML has proven to be a 
powerful modeling language for system applications in a diverse range of engineering domains, 
such as electrical, mechanical, and industrial (Huang et al. 2007; Johnson et al. 2007; Peak et al. 
2007; Shah 2010; Thiers and McGinnis 2011; Wu et al. 2011). 

As a formal language augmented with diagrammatic conventions, SysML (“OMG 
Systems Modeling Language Version 1.3”, 2012) is very expressive language for both modeling 
specific problems and capturing re-usable knowledge about a domain. The use of domain 
specific languages and visualization enable a systems engineer to focus on abstract modeling of 
the target domain (Friedenthal et al. 2007). SysML can be further extended using the profiling 
mechanisms provided in UML to build a supply chain DSL and the diagrams provide a key tool 
for designing and capturing the reference architecture for the supply chain domain. 
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Background: Reference Architectures and DSLs 

Formal domain modeling has been used in software engineering for designing and developing 
systems. It involves the systematic use of DSLs, which allow a particular problem to be 
expressed more clearly than with a general-purpose language. SysML provides two mechanisms 
for creating DSLs: model libraries and profiling. (Selic 2007) Prior research has established the 
application of this methodology to create a DSL in SysML, then describing the system of interest 
using the DSL, and finally transforming a description of a system model specified using the DSL 
into a target analysis language, such as discrete event simulation (Batarseh and McGinnis 2012a; 
Batarseh and McGinnis 2012b; McGinnis and Ustun 2009; McGinnis et al. 2011). 

While the DSL is intended to capture the syntax of a particular domain, the reference 
architecture for a specific domain captures implicit knowledge that is commonly useful to 
stakeholders in that domain. This approach prevents reinvention and revalidation of already 
solved problems. Cloutier et al. (2009) suggest that patterns are one means to document 
reference architectures, since patterns are well recognized for their capability to make implicit 
knowledge explicit. SysML supports the creation and documentation of patterns through the 
creation of multiple diagrams and views derived from a single system model. 

Several researchers have recognized the importance creating object-oriented reference 
architecture type conceptual models for the supply chain domain, (Grubic and Fan 2009) 
highlight many of these frameworks. Many of these frameworks exclusively target the 
simulation analysis domain: (Chatfield et al. 2006, 2009, 2007; Jain et al. 2001; Rossetti et al. 
2008;  Rossetti & Chan 2003). Object-oriented models provide a flexible and reusable 
framework for capturing the domain; (Biswas and Narahari 2004; Kim and Rogers 2005; 
Narayanan et al. 1998). These frameworks typically lack extensibility, reusability, or a formal 
language implementation, which limits the full realization of the benefits of developing the 
reference architecture.  

Background: SCOR 

SCOR is a well-known diagnostic and benchmarking tool for evaluating and comparing supply 
chain activities and performance (“SCOR Version 11.0,” 2012). It is a framework that links 
business processes, metrics, best practices, and technology into a unified structure to improve 

supply chain management. 
An excellent comparison of 
several process-oriented 
supply chain management 
frameworks, including 
SCOR, is given in Lambert et 
al. (2005). This framework 
consists of four pillars: 
process, performance, 

Figure 1 SCOR is organized around six major processes 
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people, and practices. The processes pillar of the framework provides a generic functional 
decomposition of the activities that take place in the supply chain: Plan, Source, Make, Deliver, 
Return, and Enable (Figure 1). The performance pillar provides metrics concerning asset 
management efficiency, agility, cost, reliability, and responsiveness of the activities in the supply 
chain. The people pillar provides a framework for managing talent in the supply chain and 
connecting the knowledge, skills, and abilities of the workforce to the activities that are 
performed. Finally, the practices pillar presents unique ways to perform the processes and it 
designates each practice as an emerging, best, standard, or declining practice. 
 There are several examples of integrating SCOR into other supply chain frameworks: 
Zdravković (2012) uses SCOR as component of formal framework for semantic interoperability 
in supply chain networks and Paxton and Tucker (2010) integrate SCOR into a supply chain 
management framework for government agency contract requirements. Other research has 
sought to make SCOR executable by implementing the reference model directly into simulation 
packages (Dong et al. 2006; Herrmann et al. 2003; F. Persson 2011; F. Persson et al. 2012; 
Pundoor and Herrmann 2006). 

While it provides core syntax for constructing a model of the functional flow through a 
supply chain, integrating SCOR’s textual standard with the formal language standard of SysML 
opens a myriad of opportunities to extend SCOR beyond a static diagnostic and benchmarking 
tool. Among these opportunities, SysML can capture the SCOR semantics rigorously, clarifying 
and formalizing the relationships between SCOR elements. Also as noted in Chatfield et al. 
(2009), the SCOR model was not designed with quantitative modeling in mind, and thus the 
SysML implementation of SCOR extends the scope of SCOR, to include the system artifacts 
such as physical subsystems, resource objects, and a control framework. These are the artifacts 
that would be needed to support a wide range of analytic decision support models. 

Reference Architecture Development: A SCOR-compliant DSL 

This section illustrates the 
construction of a DSL from 
SCOR and then integrating 
that with a set of patterns to 
create a SCOR-compliant 
reference architecture. 
While we focus the 
illustration on the process 
pillar and the SOURCE 
process, the SCOR-based 
DSL is completed by 
repeating this exercise for 
each of the SCOR pillars. 

Figure 2 Capturing the Process Pillar in the DSL 
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The first step in capturing 
the SCOR syntax is to 
extend the SysML 
language to create a DSL 
from the SCOR textual 
specification. In Figure 2, 
we extend the UML 
construct activity to a 
specialized form Process, 
which captures the 
process pillar of SCOR. 
This Process stereotype is 
then further specialized to 
capture all the Level 1 processes defined the SCOR specification. By defining the more general 
process stereotype first, we are able to include slots for the desired performance metrics, which 
is then inherited by all of the Level 1 processes. Furthermore, by specializing the SysML element 
extended Requirement, the systems architect can capture the functional requirements of the 
system being designed and trace the process activities back to the requirements that they are 
intended to satisfy. 

The diagram in 
Figure 3 expands the 
DSL and provides 
additional details by 
capturing the sub-
processes that compose 
of the SOURCE activity. 
The highlighted class 
objects in the middle are 
the collection of abstract 
objects that flow 
through the PROCESS activities. The activity diagram in Figure 4 demonstrates how the 
SOURCE process in SCOR is captured in the conceptual model, with the application of the DSL 
described in Figure 2 and Figure 3. The relative simplicity of this diagram is intentional because 
it serves primarily as a pattern to a more complex procurement activity. Take for example the 
Identify Sources of Supply action block. This action could be decomposed into parallel actions 
that independently identify sources of supply for different regions in a distributed production 
system. These figures, the profile and activity diagram, are representative of the results from 
extracting the core components of SCOR into SysML. 

Deploying SCOR as the backbone of a reference architecture constructed in SysML 
introduces a level of familiarity to the supply chain stakeholders, but also clarifies and enhances 

Figure 4 Pattern for Source Activity captured as an Activity Diagram 

Figure 3 Source Process Details in the DSL 



6 
 

SCOR in several ways. By capturing SCOR’s commonly reused elements and patterns, the 
resulting library of objects is concise and manageable without loss of expressiveness. Also by 
abstracting the activities and the information flows between them, the reference architecture 
becomes a collection of reusable and composeable objects with patterns guiding the usage of 
those objects. These attributes of the reference architecture reduce the amount of effort required 
to instantiate the system architecture for a new product while reducing the number of mistakes in 
developing the new product. Finally, the semantics of SysML introduce a level of formalism and 
rigor between the elements in the SCOR model that cannot be achieve in a textual standard. This 
precision allows one to remove the ambiguity regarding how different levels of performance 
attributes and processes interact. One distinct advantage of this would be the ability to verify that 
metrics of lower-level processes will aggregate nicely to properly reflect the metrics measured in 
higher-level systems. 

Reference Architecture Development: A Supply Chain Base Subsystem 

SCOR intentionally omits an explicit description of the system plant and its resources. Instead of 
providing an abbreviated description of the entire base subsystem, which organizes the system 
plant and its resources and is tasked to execute the plans and processes prescribed by SCOR, we 
focus our exposition on the Storage Subsystem, which handles the mediation between DELIVER 
and SOURCE activities in the supply chain. The storage subsystem is an abstract (and reusable) 

class that can be specialized into warehouses, WIP storage positions, etc.  
In Figure 5, four aspects of the subsystem have been elaborated. First, we have used the 

metrics defined the performance pillar of SCOR to provide the aggregate metrics for the Storage 
Subsystem. Second, we have provided an interface to the subsystem, a proxy port called 
Material_IO. This interface can be implemented in many different ways, such as a dock or rack, 
in the final system design. Third, we have created a policy object to express the inventory rules 
that the storage subsystem can reference and then implement. Finally, we have allocated three 
methods, DELIVER, SOURCE, and Manage Product Inventory, from the process pillar. These 
are the key operations that we expect each storage subsystem to provide, and the reference 

Figure 5 Storage Subsystem Specification in SysML 
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architecture is further 
refined by including a 
pattern (Figure 6) for 
the implementation of 
these operations and 
their interactions with 
other subsystems. 

The conceptual 
model expressed in 
SysML is independent 
of its implementation 
platform; that is, we 
are not restricted by 
any specific simulation language or even simulation as the target analysis. The implication is that 
we can derive and construct multiple analyses from the same platform independent model as 
required by the analysis use case being considered. 

Construction of an Analysis Model from the Reference Architecture 

With the reference architecture specified in SysML, the next step is to instantiate a system model 
in the discrete event simulation environment, SimEvents. This process requires first developing 
simulation elements that conform to the reference architecture, and then reusing those elements 
to build a simulation model of the target system. The storage subsystem block on the left in 
Figure 7 is analogous to the SysML block in Figure 5. The right side of Figure 7 displays the 
internal contents of the simulation block, conforming to the activity flow in Figure 6, which 

implements the SOURCE and DELIVER operations provided by the storage subsystem. 
Similarly, we can construct elements to reflect all the other components of the reference 

architecture, and ultimately arrive at a model library of reusable and composeable simulation 

Figure 6 Implementation Pattern for Sourcing and Delivery Processes 

Figure 7 SimEvents® Block (Left) and its SCOR-compliant internal structure (Right) 
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components. Then implementing the patterns captured as diagrams SysML, we then assemble the 
model library components into a simulation of the system of interest, in this case the two 
product, two customer, two supplier supply chain Figure 8. 

With the system architecture specified and implemented in the simulation language, we 
are free to construct an analysis use case for this particular problem. A typical analysis use case 
would be to understand the performance of the storage subsystem under a specific inventory 
policy, where the performance is defined as perfect order fulfillment, or total cost to serve, etc. is 
captured in the attributes of the storage subsystem in Figure 5. A follow-on analysis use case 
would seek the optimal inventory policy with respect to a collection of performance attributes.  

An immediate extension of this methodology is the addition of transportation channels to 

the simulation model library to facilitate the movement of shipments through the supply chain. 
Additionally, we can reuse the storage subsystem simulation block to model a two echelon 
distribution supply chain with an arbitrary number of suppliers, customers, and products (Figure 
9). In fact, it should be clear that these elements can be composed in a myriad of ways to model 
any arbitary supply chain.  

Conclusions 

Access to multiple analyses from a single model of the system of interest would be beneficial to 
supply chain engineers who seek to reduce the time required to develop, validate, and test system 
models. A reusable and extensible conceptual model of your system provides a reference point to 
construct reusable transformations to access target computational analysis tools, such as discrete 
event simulation. In this research, the resultant conceptual model is an object-oriented, SCOR-
compliant reference architecture specified in SysML. This model meets the requirements 
necessary to construct transformations to multiple analysis tools, while remaining accessible to 
the stakeholders who will responsible for designing and analyzing supply chain systems.  

Figure 9 Two Echelon Supply Chain Simulation Model with Transportation Arcs 

Figure 8 Two Customers, Two Suppliers Supply Chain Simulation Model 
Note: the Supply_Base and Customer_Base objects contain two supplier and two customers respectively 
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 Future work will focus on elaborating the reference architecture and constructing the 
reusable transformations. Because the reference architecture is captured in SysML, we can 
continually refine the model to provide additional detail for the system behavior, the working 
objects and subsystems, or its environment. This refinement then translates into higher-fidelity 
simulation models and analyses. Finally, with the reference architecture specifying the system of 
interest with sufficient detail required to perform the desired set of analyses, we need to construct 
and execute the transformation from the conceptual model to the target analysis tool. Building 
from research in the field of computer science, current research is focused on extending model-
to-model transformation methods to construct reusable and extensible transformations that 
automatically construct the optimization or simulation models for the system of interest. 

Bibliography 

Batarseh, O., and L.F. McGinnis. 2012a. “System Modeling in SysML and System Analysis in Arena.” In 
Proceedings of the 2012 Winter Simulation Conference (WSC), 258.  

———. 2012b. “SysML to Discrete-Event Simulation to Analyze Electronic Assembly Systems.” In Proceedings of 
the 2012 Symposium on Theory of Modeling and Simulation-DEVS Integrative M&S Symposium, 48.  

Beamon, B.M. 1998. “Supply Chain Design and Analysis: Models and Methods.” International Journal of 
Production Economics 55 (3): 281–94. 

Biswas, S, and Y. Narahari. 2004. “Object Oriented Modeling and Decision Support for Supply Chains.” European 
Journal of Operational Research 153 (3): 704–26.  

Chatfield, D.C., T.P. Harrison, and J.C. Hayya. 2006. “SISCO: An Object-Oriented Supply Chain Simulation 
System.” Decision Support Systems 42 (1): 422–34. 

———. 2009. “SCML: An Information Framework to Support Supply Chain Modeling.” European Journal of 
Operational Research 196 (2): 651–60. 

Chatfield, D.C., J.C. Hayya, and T.P. Harrison. 2007. “A Multi-Formalism Architecture for Agent-Based, Order-
Centric Supply Chain Simulation.” Simulation Modelling Practice and Theory 15 (2): 153–74.  

Cloutier, R., G. Muller, D. Verma, R. Nilchiani, E. Hole, and M. Bone. 2009. “The Concept of Reference 
Architectures.” Systems Engineering 10 (1): 14-26 

Coad, P., and E. Yourdon. 1991. Object-Oriented Design. Englewood Cliffs, NJ: Yourdon Press.  
Dong, J., H. Ding, C. Ren, and W. Wang. 2006. “IBM SmartSCOR-a SCOR Based Supply Chain Transformation 

Platform through Simulation and Optimization Techniques.” In Proceedings of the 2006 Winter Simulation 
Conference (WSC), 650–59.  

Estefan, Jeff A. 2007. “Survey of Model-Based Systems Engineering (MBSE) Methodologies”. Technical Data 
Report. Pasadena, California: Jet Propulsion Laboratory. 

Friedenthal, S. A., R. Griego, and M. Sampson. 2007. “INCOSE Model Based Systems Engineering (MBSE) 
Initiative”. Powerpoint presented at the INCOSE 2007 Symposium, San Diego.  

Grubic, T., and I. S. Fan. 2009. “Integrating Process and Ontology for Supply Chain Modelling.” In International 
Conference on Interoperability for Enterprise Software and Applications China, 2009. IESA’09, 228–35.  

Herrmann, J. W., E. Lin, and G. Pundoor. 2003. “Supply Chain Simulation Modeling Using the Supply Chain 
Operations Reference Model.” In Proceedings of the ASME 2003 Design Engineering Technical 
Conference, 2–6.  

Huang, E., R. Ramamurthy, and L.F McGinnis. 2007. “System and Simulation Modeling Using SysML.” In 
Proceedings of the 39th Conference on Winter Simulation: 40 Years! The Best Is yet to Come, 796–803. 

Jain, S., R.W. Workman, L.M. Collins, E.C. Ervin, and A.P. Lathrop. 2001. “Supply Chain Applications II: 
Development of a High-Level Supply Chain Simulation Model.” In Proceedings of the 33nd Conference on 
Winter Simulation, 1129–37.  

Johnson, T. A., C. J. J. Paredis, R. Burkhart, and J. M. Jobe. 2007. “Modeling Continuous System Dynamics in 
SysML.” In 2007 ASME International Mechanical Engineering Congress and Exposition. 

Kim, J., and K.J. Rogers. 2005. “An Object-Oriented Approach for Building a Flexible Supply Chain Model.” 
International Journal of Physical Distribution & Logistics Management 35 (7): 481–502.  



10 
 

Lambert, D.M., S.J. Garcia-Dastugue, and K.L. Croxton. 2005. “An Evaluation Of Process-Oriented Supply Chain 
Frameworks.” Journal of Business Logistics 26 (1): 25–51. 

McGinnis, L., E. Huang, K.S. Kwon, and V. Ustun. 2011. “Ontologies and Simulation: A Practical Approach.” 
Journal of Simulation 5 (3): 190–201. 

McGinnis, L., and V. Ustun. 2009. “A Simple Example of SysML-Driven Simulation.” In Proceedings of the 2009 
Winter Simulation Conference (WSC), 1703–10. IEEE.  

Narayanan, S., D.A. Bodner, U. Sreekanth, T. Govindaraj, L.F. McGinnis, and C.M. Mitchell. 1998. “Research in 
Object-Oriented Manufacturing Simulations: An Assessment of the State of the Art.” IIE Transactions 30 
(9): 795–810.  

“OMG Systems Modeling Language Version 1.3.” 2012. http://www.omgsysml.org/. 
Paxton, J., and B. Tucker. 2010. “Using SCOR as a Supply Chain Management Framework for Government Agency 

Contract Requirements.” In Aerospace Conference, 2010 IEEE, 1–8.  
Peak, R.S., R. M. Burkhart, S. A. Friedenthal, M.W. Wilson, M. Bajaj, and I. Kim. 2007. “Simulation-Based Design 

Using SysML—Part 1: A Parametrics Primer.” In INCOSE Intl. Symposium, San Diego.  
Persson, F. 2011. “SCOR template—A Simulation Based Dynamic Supply Chain Analysis Tool.” International 

Journal of Production Economics 131 (1): 288–94. 
Persson, F., C. Bartoll, A. Ganovic, M. Nilsson, J. Wibaeus, and F. Winge. 2012. “Supply Chain Dynamics in the 

SCOR model—A Simulation Modeling Approach.” In Proceedings of the 2012 Winter Simulation 
Conference (WSC), 1–12.  

Pundoor, G., and J. W. Herrmann. 2006. “A Hierarchical Approach to Supply Chain Simulation Modelling Using 
the Supply Chain Operations Reference Model.” International Journal of Simulation and Process 
Modelling 2 (3): 124–32. 

Rossetti, M.D., M. Miman, and V. Varghese. 2008. “An Object-Oriented Framework for Simulating Supply 
Systems.” Journal of Simulation 2 (2): 103–16. 

Rossetti, M.D., and H. Chan. 2003. “Supply Chain Management Simulation: A Prototype Object-Oriented Supply 
Chain Simulation Framework.” In Proceedings of the 35th Conference on Winter Simulation: Driving 
Innovation, 1612–20. 

“SCOR: The Supply Chain Reference Model Version 11.0.” 2012. Supply Chain Council, Inc. www.supply-
chain.org. 

Selic, B. 2007. “A Systematic Approach to Domain-Specific Language Design Using UML.” In 10th IEEE 
International Symposium on Object and Component-Oriented Real-Time Distributed Computing, 2007. 
ISORC’07. 2–9. IEEE.  

Shah, A.A. 2010. “Combining Mathematical Programming and SysML for Component Sizing as Applied to 
Hydraulic Systems”. Master of Science - Mechanical Engineering, Atlanta, GA: Georgia Institute of 
Technology. 

Thiers, G., and L. McGinnis. 2011. “Logistics Systems Modeling and Simulation.” In Proceedings of the 2011 
Winter Simulation Conference (WSC), 1531–41.  

Wu, D., L. L. Zhang, R. J. Jiao, and R. F. Lu. 2011. “SysML-Based Design Chain Information Modeling for Variety 
Management in Production Reconfiguration.” Journal of Intelligent Manufacturing: 1–22. 

Zdravković, M. 2012. “Formal Framework for Semantic Interoperability in Supply Chain Networks”. PhD 
Dissertation, Niš: University of Niš. 

 


