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Abstract Business Interoperability has become an indisputable reality for com-
panies that cooperate and struggle for competitiveness. Supply Chain Management
is one kind of industrial cooperation which relies on large integration and coordi-
nation of processes. Though, supply chain operations are ruled and conditioned by
interoperability factors, which until now misses a tool to identify and solve its
problems. In this context, this article proposes a simulation approach to study the
effects of interoperability solutions on the performance of supply chain dyads.
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1 Introduction

Business interoperability (BI) is an organizational and operational ability of an
enterprise to cooperate with its business partners and to efficiently establish, con-
duct and develop information technology (IT) supported business with the objective
to create value [1]. In the context of supply chain management (SCM), business
interoperability is an enabler that makes possible to execute the SC operations
seamlessly, easing their alignment and the information flow, guaranteeing high
performance and competitiveness [2]. However, lack of interoperability is an
emerging issue in IT based cooperation [3]. Most of the existing research on
interoperability areas concentrates in forms to classify and identify interoperability
problems and barriers, and forms to measure and remove them.
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On our research, we aim at the research question “How to achieve high levels of
interoperability in supply chain dyads?”, addressing one-to-one relationships in
supply chains. To approach this issue, we address three topics: characterization and
analysis of interoperability problems; cooperation re-design; and the study of the
interoperability impact in the dyad performance. The present article proposes a
method to study of interoperability impact on the dyad performance (in terms of
SCM and interoperability performance), as a support to decision making in the dyad
design and in the selection of suitable information systems to eliminate or mitigate
interoperability problems.

The article is structured as follows: section two makes a brief review on the key
topics (business interoperability, supply chain operations and performance); section
three describes the methodology for analyzing and re-designing the supply chain
dyadic cooperation; section four presents a case study on an automotive supply
chain dyad; and section five presents the conclusions.

2 Business Interoperability

2.1 Business Interoperability Decomposition

BI is a concept that evolved from the technical perspective of interoperability
incorporating several aspects of organization interactions. Frameworks and
researches like IDEAS [4], INTEROP Framework [5, 6], ATHENA Interoperability
Framework (AIF) [7], ATHENA Business Interoperability Framework (BIF) [7]
and European Interoperability Framework (EIF) [8, 9] traced the evolutionary path
that led to the exiting notion of business interoperability. In previous work from
[10], several kinds of interoperability that contribute to the current definition of
business interoperability were identified and related (see Fig. 1). In level 1 three
interoperability types were suggested to contribute singly to the BI definition.
Interoperability types shown in level 2 can provide input to more than one type of
interoperability at level 1.

The different perspectives of interoperability reflect the issues that one must
attend to achieve higher levels of interoperability or, as it was defined by [12],
achieve “optimal interoperability”.

2.2 Business Interoperability Measurement and Performance
Metrics

Interoperability measurement and quantification is a branch of research dedicated to
interoperability quantification in a qualitative or quantitative manner. Qualitative
approaches to interoperability measurements are associated with subjective criteria
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Fig. 1 Business
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that permits to assign a certain level of interoperability (e.g. [13—15]), or a maturity
level (e.g. [16, 17]), to a specific kind of interoperability.

On the other hand, quantitative approaches make an attempt to characterize the
interoperations, proposing measurements (e.g. [18]) and scores [19] to convert
interoperability issues into numeric values. The main problem with these approa-
ches is that most of the numeric values that are obtained are as subjective as the
interoperability issues that are analyzed.

Another branch of interoperability quantitative assessment is dedicated to per-
formance measuring. Approaches to performance measurement as [7, 20-22]
suggest ways to measure the impact of interoperability on metrics such as costs,
time and quality. However, it is not known a direct way of relating interoperability
issues, or the companies’ decisions, with the interoperability metrics [7, 20-22].

3 Methodology to Analyze and Re-Design Dyadic
Cooperation

The proposed method to analyze and re-design the supply chain dyads is depicted
by Fig. 2.

In this method, the first phase is to analyze and model the dyad interoperability
conditions in terms of the business interoperability components that represent the
“as-is” situation. On the second stage, one simulates the “as-is” model and one
identifies the various scenarios that may lead to a more interoperable situation. In
this matter, we propose two kinds of approach: an improvement of the current
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scenario by addressing the interoperability variables that one can change in order to
reconfigure the relationship (for instance, the human resources quantity on a spe-
cific process); or the re-design of certain aspects of interoperability, such as the
process design or the selection of another information system that permits
improving the dyad performance. In the last stage (optimization stage), one finds
which one of those scenarios has the best performance in terms of interoperability
and in terms of supply chain performance.

3.1 Stages of Analysis and Decomposition

As mentioned in the previous section, the first step of the method is to determine the
dyad interoperability conditions. This is achieved by interleaving the interopera-
bility and the performance analyses, and modeling the interoperability components
in a process that we call analysis and decomposition stages (see Fig. 2). The
sequence of these stages has to do with the relationship between the business
interoperability components. On the top of the method are the managerial and
governance aspects, such as the business strategy and the management of the
relationships that impact subsequent components. For instance, in business strategy
analysis (BSA), the cooperation objectives are addressed and the dyad is analyzed
to verify if these ones are clear-cut to both companies and if the individual aspects
are aligned into a cooperation business strategy. Managerial and governance aspects
have impact in operations. Process interoperability decomposition (PID) and pro-
cess interoperability analysis (PIA) are ruled by the prior aspects of interoperability,
thus constituting the focus of this method. All the following stages are associated to
the operations taken place in the dyad. For instance, data interoperability decom-
position (DID) and data interoperability analysis (DIA) are stages acting on the
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exchange of data between the firms that perform the processes. Issues like semantic
alignment, communication paths and data quality are addressed in this stage in
order to ensure that the data is properly interpreted, that there are sufficient contact
points to exchange data, and that data is usable.

In terms of interoperability, the process resources are the information technology
assets (software and systems interoperability, as well as objects and hardware
interoperability) and the human resources. These resources enable processes and
data exchange. As in the case of data interoperability, these resources are connected
to the process interoperability.

3.2 Modeling and Measuring Interoperability Performance
on Supply Chains

Modeling supply chain processes derives from the concept of process integration and
coordination [23]. The supply chain operations reference model (SCOR) [24] makes
a link between performance measures, best practices and software requirements to
business process models [25]. However, the SCOR model does not show how to
proceed to achieve interoperability. In the application of the method portrayed in
Fig. 2 we propose a systematic representation of the interoperability perspectives of
the dyad. In this one, we address the supply chain operations that take place between
the two firms. For instance, in [11] a buyer-seller interface was designed. To achieve
this design, a mapping has been done since the strategic objectives to the process
design decisions using Axiomatic Design Theory [26] combined with Business
Process Notation [27] and Design Structure Matrix [28]. This procedure allowed to
decompose the SC operations and to address the interoperability issues inherent to
each activity. The interoperability impact study and the selection of the appropriate
design is the contribution of this article, and allows to demonstrate how the findings
from [10] and [11] are modeled using computer simulation.

The course between an actual (“as is”) to a desired more interoperable state (“to
be”) is supported by the decisions taken place during the re-design and reconfig-
uration activities of Fig. 2. These decisions are formulated according to the iden-
tified interoperability barriers and tested through simulation. Here, in this part of the
methodology the performance measurement becomes an essential aspect to achieve
an interoperable dyadic relationship. Supply chain performance metrics and inter-
operability metrics portray a relevant part to strive, both, for a competitive and
interoperable supply chain dyad.

In the next section we present a case study that is currently being developed on
an automotive supply chain. Here is addressed the interaction between two firms in
the context of purchase and delivery operations. These two operations were
decomposed into interoperability aspects, and the business processes were modeled
in order to help in the design of a simulation model. To evaluate the two companies
three performance metrics were selected: order lead-time [29-33], time of inter-
operation and conversion time [7, 20, 21, 34, 35].
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4 Case Study: Automotive Supply Chain Dyad

The present case study was implemented in a dyad constituted by a 2™ tier rubber
parts supplier (company A) and a 1% tier automotive engine gaskets supplier
(company B). The application of this method was made through several interviews
in both companies and by analyzing companies’ documentation. The internal and
interface processes are presented in Fig. 3.
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Fig. 3 Collaboration and internal activities business process model

The interoperability conditions for both are presented in Table 1.

Table 1 Interoperability conditions on the dyad

Interoperability aspect

Interoperability conditions

Business strategy

A contract was signed specifying the agreed lead-time of 7 days.
The cooperation strategy was defined, but is not aligned with
individual objectives

Relationship
management

A long-term relationship was established

Human resources

Company A has 6 employees (5 responsible for inserting orders
manually on SAP and 1 to validate orders)
Company B has 2 employees to treat the orders

Process interoperability

In company A, 5 users insert manually orders into SAP. One HR
verifies the inventory and confirms or calls for production.

In company B, the ordering process is performed by 2 operators
that check MRP data on SAP system and send the purchase orders
to the supplier by e-mail and, then, wait for supplier response to
validate the order and, then, wait for its fulfillment

Data interoperability

There are compatibility issues between the formats of the orders
in both companies. Data must be treated manually in both cases

Software and systems
interoperability

In both companies, SAP system and the E-mail system are not
interoperable. This requires manual interaction between systems
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The first improvement to test on the current approach for the collaboration is to
study the use of the resources that enable cooperation. For simplification purposes,
we only address the human resources quantity as variable to improve the “as-is”
scenario. Other aspects featured on Fig. 1 should, if possible, be addressed in the
performance analysis.

The results regarding the variation of human resources quantity are presented in
Fig. 4.

Regarding order preparation from company B, currently there are 2 employees
responsible for preparing, manually, the orders by accessing the Material Resource
Plan on SAP system and send the needed orders by e-mail. On the “as-is” con-
figuration, the average value of the order lead-time (OLT) is 163 h (7 days), which
satisfies the agreed lead-time. Decreasing the number of employees to one permit
reducing the OLT to 155 h (6 days) and the time of interoperation (TIP). However,
the conversion time increases from 0,3 to 8,7 h for each order to be prepared. In
counterpart, increasing the number of employees doesn’t have effect on the metrics.

In respect to company A’s activities, the number of employees on the manual
insertion of orders on SAP could be decreased to a minimum of 3 in order to
maintain the same OLT. Though, the minimum conversion time (Cv) is achieved
with 4 employees.
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Fig. 4 Influence of human resources quantity on OLT, TIP and Cv for each process (obtained on
Rockwell Arena Software in 20 replications with a confidence interval of 99 % and an error of

1,05 %)

Still in company A, increasing the employees to 2 permits to decrease the OLT
to 152 h (6 days) and TIP to 11,54 h. This last improvement enhances the response
time to the company B’s requests. Instead of waiting 22 h to obtain the order
confirmation, the increase of 1 employee permits to fulfill this in half of the time.
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For this activity there are no Cv values because there is no conversion process
involved.

The second improvement we propose is the implementation of an Electronic
Data Interchange (EDI) system to replace the order placement communication path.
This measure will enhance compatibility of data between the ICT and the order
management system, reducing the time for order preparation in company B and
eliminating the manual insertion process of company A. The obtained results are
presented in Table 2.

Comparing the metrics for the “as-is” and the EDI implementation scenario, both
OLT and TIP increase by 1 percent. In counterpart, there is a reduction of 76 % of
the time to prepare the orders to send to company A.

In terms of human resources, the “as-is” scenario counts with 2 employees on
company B and 6 employees (5 on manual insertion and 1 on inventory verifica-
tion) on company A. The implementation of the EDI reduces the company A to 1
operator required to deal with company B’s orders.

Table 2 Comparison between “as-is” and the implementation of EDI scenario (obtained on
Rockwell Arena Software in 20 replications with a confidence interval of 99 % and an error of
1,05 %)

Scenario OLT (h) TIP (h) Cv (h) Human resources
(number of employees)

“as-is” 162.58 22.32 0.32 8

EDI implementation 163.44 22.59 0.08 3

Difference +1 % +1 % =76 % -5

In turn, the two compared solutions are based on the same interoperability
conditions in terms of human resources quantity. From the first improvement, we
had concluded that if we increase operators on the inventory verification activity we
can decrease the lead-time in about 1 day. We can test the number of employees
influence for the EDI implementation. The results are presented in Fig. 5.
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Fig. 5 Influence of human resources quantity on OLT and TIP for Inventory verification process
for each scenario (obtained on Rockwell Arena Software in 20 replications with a confidence
interval of 99 % and an error of 1,05 %)
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If the companies decide to eliminate or mitigate the systems incompatibility (SAP
and E-mail) by implementing an EDI, best results can be achieved if the number of
employees on the inventory verification is increased to 3. However, if due to tech-
nical limitations the EDI implementation is not possible, the company A should add
another employee to the inventory verification activity (by contracting a new
employee) or remove one employee from manual insertion to inventory verification.

5 Conclusions

The presented research contributes to the development of an integrated framework
to assess and re-design supply chain dyadic cooperation. It provides a method to
study the interoperability impact on the performance of the dyad. This method
allows one the test various scenarios without affecting the real system and providing
the solution that may result in an improvement for the dyad.

Future work will concentrate on the integration of other interoperability aspects
by implementing Design of Experiments and Taguchi methods. This will allow us
to deal with the complexity of Business Interoperability by systematizing the
influence of interoperability aspects on performance.

Acknowledgments The authors would like to thank Fundacdo para a Ciéncia e Tecnologia for
providing a research grant to Pedro Espadinha da Cruz through the project PTDC/EME- GIN/
115617/2009.

References

1. Legner, C., Wende, K.: Towards an excellence framework for business interoperability. In:
19th Bled eConference eValues, pp. 1-16 (2006)

2. Huhns, M.N., Stephens, L. M., Ivezic, N.: Automating supply-chain management. In:
Proceedings of the First International Conference on Autonomous Agents MultiAgent System
part 3—AAMAS’02, No. 483, p. 1017 (2002)

3. Elvesater, B., Hahn, A., Berre, A., Neple, T., Ict, S., Blindern, P. O. B., Oslo, N.: Towards an
interoperability framework for model-driven development of software systems, framework

4. IDEAS.: IDEAS project deliverables (WP1-WP7) (2003)

5. Chen, D.: Enterprise interoperability framework, EMOI-INTEROP (2006)

6. Chen, D., Doumeingts, G., Vernadat, F.: Architectures for enterprise integration and
interoperability: Past, present and future. Comput. Ind. 59(7), 647-659 (2008)

7. ATHENA: DAS8.2 guidelines and best practices for applying the ATHENA interoperability
framework to support SME participation in digital ecosystems (2007)

8. Vernadat, F.B.: Technical, semantic and organizational issues of enterprise interoperability
and networking. Annu. Rev. Control 34(1), 139-144 (2010)

9. IDABC: European interoperability framework—version 2.0 (2010)

10. Espadinha-Cruz, P., Grilo, A.: Methodology to analyse and re-design dyadic industrial
cooperation. In: 21st International Annual EurOMA Conference, EurOMA 2014, No. Ieee
1990, pp. 1-10 (2014)



158 P. Espadinha-Cruz and A. Grilo

11. Espadinha-Cruz, P., Mourdo, A.J.F., Gongalves-Coelho, A., Grilo, A.: Business
interoperability: dyadic supply chain process decomposition using axiomatic design. In: 8th
International Conference on Axiomatic Design (ICAD 2014), pp. 93-99 (2014)

12. Legner, C., Lebreton, B.: Business interoperability research: present achievements and
upcoming challenges. Electron. Mark. 49(341), 176-186 (2007)

13. DoD: Levels of information systems interoperability (LISI) (1998)

14. Tolk, A., Muguira, J.A.: The levels of conceptual interoperability model, System,
No. September. 2003 Fall simulation Interoperability Workshop, Orlando, Florida, pp. 1-11
(2003)

15. Sarantis, D., Charalabidis, Y., Psarras, J.: Towards standardising interoperability levels for
information systems of public administrations, eJETA Special Issue, Interoperability
Enterprise Admiral Worldwide (2008)

16. Guédria, W., Naudet, Y., Chen, D.: Maturity model for enterprise interoperability, Enterprise
Information Systems No. October 2013, pp. 1-28 (2013)

17. Clark, T., Jones, R., Jones, L., Pty, C.: Organisational interoperability maturity model for C2.
In: Proceedings of the 1999 Command and Control Research and Technology Symposium
(1999)

18. Zutshi, A., Grilo, A., Jardim-Gongalves, R.: The business interoperability quotient
measurement model. Comput. Ind. 63(5), 389—-404 (2012)

19. Ford, T., Colombi, J.: The interoperability score. In: Proceedings of the Fifth Conference on
Systems Engineering Research, pp. 1-10 (2007)

20. Chen, D., Vallespir, B., Daclin, N.: An approach for enterprise interoperability measurement.
In: Proceedings of MoDISE-EUS 2008 Concepts, pp. 1-12 (2008)

21. Ducq, Y., Chen, D.: How to measure interoperability: concept and approach. In: 14th
International Conference (2008)

22. ATHENA: D.B3.3 Interoperability Impact Analysis Model (2007)

23. Vernadat, F.: Enterprise modeling and integration: principles and applications, 1st edn, p. 513.
Chapman & Hall, London (1996)

24. Supply Chain Council.: Supply Chain Operations Reference (SCOR) model—version 10.0,
USA (2010)

25. Thakkar, J., Kanda, A., Deshmukh, S.G.: Supply chain performance measurement framework
for small and medium scale enterprises. Benchmarking Int. J. 16(5), 702-723 (2009)

26. Suh, N.P.: The Principles of Design, vol. 226, p. 401. Oxford University Press, Oxford (1990)

27. Fettke, P.: Business process modeling notation. Wirtschaftsinformatik 50(6), 504-507 (2008)

28. Eppinger, S.D., Browning, T.R.: Design Structure Matrix Methods and Applications, p. 334.
The MIT Press, Cambridge, Massachussetts (2012)

29. Azevedo, S.G., Carvalho, H., Cruz-Machado, V.: A proposal of LARG supply chain
management practices and a performance measurement system. In: International Journal e-
Education, e-Management e-Learning, vol. 1, no. 1, pp. 7-14 (2011)

30. Gunasekaran, C.P., McGaughey, R.E.: A framework for supply chain performance
measurement. Int. J. Prod. Econ. 87(3), 333-347 (2004)

31. Beamon, B.: Measuring supply chain performance. Int. J. Prod. Res. 39(14), 3195-3218
(2001)

32. Otto, A., Kotzab, H.: Does supply chain management really pay? Six perspectives to measure
the performance of managing a supply chain. Eur. J. Oper. Res. 144, 306-320 (2003)

33. Chan, F.T.S.: Performance measurement in a supply chain. Int. J. Adv. Manuf. Technol. 21(7),
534-548 (2003)

34. Camara, M.S., Ducq, Y., Dupas, R.: A methodology for the evaluation of interoperability
improvements in inter-enterprises collaboration based on causal performance measurement
models. Int. J. Comput. Integr. Manuf., no. October 2013, 1-17 (2013)

35. Razavi, M., Aliee, F.S.: An approach towards enterprise interoperability assessment. Enterp.
Interoperability, Proc 38, 52-65 (2009)



	14 A Simulation Approach to Select Interoperable Solutions in Supply Chain Dyads
	Abstract
	1 Introduction
	2 Business Interoperability
	2.1 Business Interoperability Decomposition
	2.2 Business Interoperability Measurement and Performance Metrics

	3 Methodology to Analyze and Re-Design Dyadic Cooperation
	3.1 Stages of Analysis and Decomposition
	3.2 Modeling and Measuring Interoperability Performance on Supply Chains

	4 Case Study: Automotive Supply Chain Dyad
	5 Conclusions
	Acknowledgments
	References


