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Abstract. To handle challenges such as globalization, new technologies and
fast-changing environments, enterprises are progressively collaborating with
others and becoming part of a Networked. In this context, Enterprise Interoperability (EI) is a crucial requirement that needs to be respected by enterprises
when starting a collaborative relationship. As soon as this requirement is not
achieved, EI becomes a problem that must be solved. To avoid these problems
and consequently, take corrective actions on time, enterprises need to predict
and solve potential problems before they occur. The Maturity Model for Enterprise Interoperability (MMEI) was proposed to assess the interoperability potential of an enterprise as well as to help enterprises evaluating the suitability of
partners in an interoperability context. However, this method has some inconveniences such as the lack of formal definitions specifying the boundaries between each maturity level. Hence the objective of this paper is to formalize the
MMEI maturity levels boundaries by defining formal measures. Finally, a case
study is proposed to validate the defined measures.
Keywords: Networked Enterprise, Maturity Model, Enterprise Interoperability
Assessment, Conceptual Interoperability, Formal Measures
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Introduction

With the current fast changing environment, enterprises are progressively collaborating with each other and participating to a Networked Enterprise (NE) [1], to face challenges such as globalisation, new technologies, financial crisis, new markets, etc.
Considering this NE context, we argue that one of the difficulties enterprises may face
is the development of Enterprise Interoperability (EI) [2], [3] among their Collaborative Enterprise Systems (CESs) [4]. EI is a crucial requirement having to be verified
by enterprises when starting a relationship with others to attain shared goals [1], [5].
As soon as this requirement is not achieved, interoperability becomes a problem that

must be solved [1], [6]. To deal with this kind of problem, accurate evaluations can be
performed to have a clear view of strengths and weaknesses of the considered NE
regarding interoperability, at an early stage [1]. Some surveys and comparisons [4],
[7], [8], [9], have been performed to evaluate existing interoperability assessment
methods. Among these evaluation methods, the Maturity Model for Enterprise Interoperability (MMEI) [10], [11] proposes five maturity levels, describing the stages
through which systems should evolve to reach higher completeness in the realisation
of a given objective. It covers the three main interoperability aspects which are: Conceptual, Technical and Organizational interoperability [3]. MMEI was mainly conceived to assess the potentiality of an enterprise (or a system) to be interoperable with
a possible future partner whose identity is not known at the moment of evaluation.
Although the MMEI maturity levels are well structured, their definitions are based on
qualitative measures i.e. the levels are subjective and the evaluation depends on the
expertise of the assessors. This kind of measure has some inconveniences such as the
lack of formal definitions specifying the boundaries between each maturity level and
requires a very high level of expertise to apply these models in an industrial context
[12]. A possibility raised by [4] to formalise the boundaries between each maturity
level, is the use of quantitative measures (numeric values characterising the interoperations between CESs). Indeed, quantitative methods such as [13], [14], [15], [16], are
capable of formalising and quantifying interoperability between known systems.
However, they are not prepared and/or they do not have coherent value scales to be
used with maturity models. Hence, the objective of this paper is to improve the MMEI
interoperability evaluation by formalising its maturity levels boundaries. This will
allow quantifying and qualifying the degree of interoperability between heterogeneous enterprises that need to participate in a NE. In this paper, we will focus only on
the conceptual interoperability aspect. The technical and organisational aspects are
out of the scope and will be investigated in future work. The formalisation of the
MMEI conceptual maturity levels will be done by defining formal measures based on
the quantitative methods. It will allow us to establish the transition between each maturity level by specifying thresholds (numeric values) for levels’ boundaries. The
proposed improvement is essential and will serve as one more step towards proposing
a new approach for assessing enterprise interoperability within a NE, using both
qualitative and quantitative measures.
The rest of the paper is organised as follow – Section 2 presents the relevant related work. It is followed by Section 3 where the formal measures are proposed and the
levels’ boundaries are established. Section 4 illustrates a real case study based on an
active NE in the field of marketing and communication in Luxembourg. The conclusion and future work are given in Section 5.
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Related work

This section gives an overview of the Networked Enterprise Meta-Model (NEMO)
[1], highlighting the core concepts of NE and interoperability, as well as, relationships
between them. The different classifications and properties of enterprise interoperabil-

ity assessment methods are also presented. Furthermore, the MMEI and its five maturity levels, as well as some formal measures proposed to assess the conceptual interoperability aspect, are brought forward.
2.1

Networked Enterprise and Enterprise Interoperability

NEMO [1] aims at providing a common understanding of the NE and interoperability
concepts, based on a systemic approach. It defines a NE as: “a system composed of at
least two autonomous systems (enterprises) that collaborate during a period of time
to reach a shared objective”. According to [17] and [18] enterprise systems are all
sub-systems of an enterprise (e.g. Information systems, decisional systems, physical
systems, etc.). Taking into account this view, [4] adopt the term Collaborative Enterprise System (CES) in order to represent the enterprise systems that collaborate with
systems from other enterprises within the NE. Considering these perspectives, NEMO
describes two views of interoperability: as a requirement that needs to be met when
there is a need for at least two CESs to work together and as a problem when this
requirement is not fulfilled. To describe the interoperability concepts within a NE,
NEMO is based on the interoperability dimensions [1], [3]. Here, we present the three
most important concepts that will be considered in the metrics proposition in section
3. The first one is the interoperability concerns representing the areas concerned by
interoperability in an enterprise (business, process, service and data). The second, is
conceptual interoperability aspect dealing with knowledge and information sharing
among systems. Finally, the conceptual barriers concerning with the syntactic and
semantic incompatibilities of information to be exchanged between systems. This
kind of barrier can be related to enterprise models and the capacity of knowledge and
semantic representation. More details about interoperability dimensions and other
concepts can be found on [1], [3].
2.2

Enterprise Interoperability Assessment

In order to support enterprises to better interoperate with their partners within a NE,
the interoperability between their CESs requires being assessed and continuously
improved. According to [4], [10], the interoperability assessment methods can be
classified based on the criteria depicted on Table 1.
Table 1. Interoperability assessment methods classification
Criteria
Structure
Used measure
Method
properties
Used approach
Type of interop. assessment
Interop. Aspects

Classification
Levelling
Non-Levelling
Qualitative
Qualitative
White Box
Black Box
Known partner
Unknown partner
Conceptual
Technical
Organisational

It is worth noting that interoperability is a non-bidirectional property [13]. It means
that: Given two entities A and B and measuring their interoperability level I(x,y) it is
structurally coherent to find 𝐼(𝐴,𝐵)≠ 𝐼(𝐵,𝐴). This structural property doesn’t impact

the evaluated methods because of its internal feature but it explains the behavioural
aspects of the approached property concepts [4]. The following sections present the
MMEI (a qualitative method) and quantitative methods.
2.3

Maturity Model for Enterprise Interoperability (MMEI)

MMEI has two primary purposes: (1) Define a common framework for assessing and
measuring potential interoperability maturity, providing information for how far along
an enterprise is regarding targeted maturity levels. (2) Provide information about ‘best
practices’ that allow enterprises to improve their interoperability potential [10].
MMEI is a levelling method using qualitative measures and following a white box
approach. It is mainly used when interoperation partners are unknown. MMEI defines
five enterprise interoperability maturity levels: Unprepared, Defined, Aligned, Organized and Adaptive. Each maturity level is an instantiation of the main elements of an
interoperability aspect with an evolution of the elements regarding the evolution of
the level. When considering the conceptual interoperability aspects, these elements
are: data models, service models, process models, business models, enterprise visions,
strategies, objectives, policies, etc. Aligned to the enterprise maturity levels, MMEI
identify five conceptual maturity levels that are: Incomplete, Modelled, Adhered,
Mapped and Accommodate [19].
According to [11], in order to verify if two enterprises are interoperable, the concerned enterprises must assess their potential interoperability individually, using the
MMEI model and then compare the obtained results. Having their maturity levels and
identifying which criteria were not achieved from both sides, enterprises can foresee
potential interoperability problems related to those non-achieved criteria.
2.4

Quantitative methods for interoperability assessment

Quantitative methods emphasize objective measurements and the statistical, mathematical, or numerical analysis of data collected through polls, questionnaires, and
surveys, or by manipulating pre-existing statistical data using computational techniques [20]. Considering the enterprise interoperability domain, we identified the
following methods dealing with the interoperability assessment: Based on a mathematical formalisation of the semantic relationship, Yahia et al. [13] proposed two
measures, the maximal potential and the minimum effective interoperability. The iscore [14] intend to measure interoperability of complex networks using operational
thread as its foundation and provides a single number measure of how well the systems interoperate along the thread. Barut et al. [15] propose a single 2-tuple index that
encompasses both the depth of the information exchanged and used within the network as well as the richness and the amount of the information exchanged and used.
The compatibility matrix [16] provides a matrix with 24 interoperability areas where
the value “1” is attributed when an incompatibility is found. The degree of compatibility is given by the sum of incompatibilities found, where “0” means higher compatibility and “24” poorest compatibility between the considered systems.
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Improving MMEI with formal measures

In this section, our objective is to deal with the lack of formal definitions specifying
the boundaries between each conceptual maturity level. First, we present the selected
quantitative methods that will be used as basis to formulate the formal measures as
well as the identified links between MMEI and those methods. Furthermore, the formal measures and the maturity levels’ boundaries are presented.
3.1

Linking MMEI and the selected quantitative methods

Among the identified methods in section 2.4, we chose the approaches proposed by
Yahia et al. [13] and Barut et al. [15] because they deal especially with the conceptual
interoperability aspect. Moreover, both methods use a white box approach (where
systems’ inputs-outputs as well as their elements and structures are known) which
facilitate the identification of problems in specific parts of a system. MMEI and the
two selected approaches [13], [15], consider that interoperability is mainly concerned
by the relationships and interactions between systems.
When dealing with the conceptual interoperability assessment, the Conceptual
Models are the objects of evaluation. These models are composed by Semantic blocks
that represent independent piece of knowledge containing their own minimal semantics. A Semantic Block is composed by Concepts which can be “Lexical” or “NonLexical” concepts [21]. Fig. 1 shows the links between MMEI concepts and the metamodel of semantic block structure [21] used by Yahia et al. [13] to determine their
proposed measures. The specific MMEI elements are coloured in grey and the metamodel elements are coloured in white. The “Conceptual Model” is coloured in black
as it’s an element used from both approaches.

Fig. 1. Linking concepts from MMEI and Yahia et al. [13] approach.

Considering the studied measures to assess the conceptual interoperability, Barut et
al. [15], provides two index: (1) the Information Extent describes how deep into the
network that information is used. It can be compare with the potential interoperability
index (ν) proposed by [13], which represents the maximal number of semantic relationships existing into the considered network. (2) The Information Intensity describes the richness and amount of the information used. It can be compared with the
effective interoperability index (ε) from [13], which verifies the number of mandatory

concepts that are instantiated. Here, a set of mandatory concept (MC) represents all
the necessary and sufficient elements which make the conceptual model semantically
coherent and understandable. On the contrary, a non-mandatory concepts (NMC)
correspond to the non-mandatory roles and are only enriching the semantics of the
CESs conceptual models.
3.2

Defining maturity levels’ boundaries

Considering the five conceptual maturity levels and the index defined by [13], [15],
we propose the boundary of each maturity level. These equations will be used to improve the step 4 (Assessment) from the MMEI methodology [10]. Before presenting
the numerical values and the boundaries descriptions, we present the linguistic value’
ranges and notations that we adopt to characterize if a level is achieved or not. It is
based on [10] and [22] notations. The four defined values and their boundaries are:
“Not Achieved (NA) (0 ≤ x ≤ 15)”, “Partially Achieved (PA) (15 < x ≤ 50)”, “Largely
Achieved (LA) (50 < x ≤ 85)”, “Fully Achieved (FA) (85 < x ≤ 100). Based on that,
we define the following equations:
𝐶𝐴(%) =

𝐶𝐸𝑆𝑐 + 𝐶𝐸𝑆𝑎

(1)

𝐶𝐸𝑆𝑐 𝑒 + 𝐶𝐸𝑆𝑎𝑒

Where CA(%) is the ratio of the number of CESs’ concepts and attributes identified
and modelled over the total expected number of CESs’ concepts and attributes. CESc
is the number of modelled concepts from the concerned CES. CESa is the number of
modelled attributes from CES. 𝐶𝐸𝑆𝑐 𝑒 is the expected total number of modelled concepts from CES. 𝐶𝐸𝑆𝑎𝑒 is the total expected number of modelled attributes from CES.
𝐶𝐿𝑁𝐿 (%) =

𝐶𝐿 +𝐶𝑁𝐿

(2)

𝐶𝑇 𝑒

Where CLNL (%) is the ratio of the sum of Lexical and Non-Lexical Concepts
from the considered CES over the total expected number of concepts from the CES.
CL is the number of Lexical concepts identified from CESs. CNL is the number of
Non-Lexical concepts identified from CES. 𝐶𝑇 𝑒 is the expected total number of concepts from the considered CESs (𝐶𝑇 𝑒 = 𝐶𝐸𝑆𝑐 𝑒 + 𝐶𝐸𝑆𝑎𝑒 ).
𝐶𝑀𝑁𝑀 (%) =

𝑀𝐶 +𝑁𝑀𝐶

(3)

𝐶𝑇 𝑒

Where CMNM (%) is the ratio of the sum of MC and NMC from both considered
CESs over the total expected number of concepts from the considered CESs. The
following equations are the same from Yahia et al. [13]. They represent the maximal
potential interoperability (how many semantic relationships can be established within
the considered network) and minimal effectiveness interoperability (the interoperability’s quality).
Maximal potential = (𝑣1→2 =

2
|𝑅𝐶
|
2
|𝑅𝐶𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑
|

, ε1→2 =

2e
|𝑅𝐶
|
2|
|𝑅𝐶

)

(4)

𝑒
Minimal effectiveness = ( v1→2
=

2e
|𝑅𝐶
|
2
|𝑅𝐶𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 |

𝑒
, ε1→2
= 100% )

(5)

Where, |𝑅𝐶2 | is the set of the retrieved semantic relationships. |𝑅𝐶2e | is a subset of
2
that contains only MC. |𝑅𝐶𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑
| represents the set of the expected semantic
relationships needed to ensure a full semantic interoperation.
Further, Table 2 describes the levels’ boundaries and what need to be done to reach
each one of them.
|𝑅𝐶2 |

Table 2. Conceptual maturity levels and their boundaries.
Level – Boundaries description
Level 1 – Modelled: In order to reach this maturity level the considered conceptual models need
to be modelled. This is achieved by modelling the concepts and attributes from the concerned
CES and achieving CA = FA.
Level 2 – Adhered: The conceptual model need to be fully modelled to achieve this level of
maturity. The goal is reached using the standards and the translation of the Fact-oriented modelling. This is achieved by identifying and modelling the lexical and non-lexical concepts and their
attributes from the considered CES i.e. CLNL = FA and the entire mandatory and nonmandatory concepts and their attributes from CES i.e. CMNM = FA.
Level 3 - Mapped. This level represents the capability to perform Meta modelling for multiple
model mappings. Identifying and classifying all semantic relationships from the considered
semantic blocks within the conceptual models tackle this issue. All concepts from the CESs
must be identified and have all their potential semantics relationships recognized as well. This
can be verified if the Maximal Potential Interoperability (MPI) is achieved i.e. (ν) = (ε) = FA.
Level 4 - Accommodated. In order to reach this maturity level the business, processes, services
and data models must be adaptive. That is, they might be capable to dynamically adjust and
accommodate ‘on the fly’. This can be verified if (εe) = 100% and (ν) = (ε) = (νe) = FA. It worth
noting that when (ν) and (ε) are equal to 100%, the CES1 is fully interoperable to CES2.
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Metric
(1)

(2), (3)

(4)

(4), (5)

Case Study

This section illustrates the evaluation of the proposed metrics using a real case study.
The objective is to present the improvements brought to MMEI by implementing the
formal measures and to prove that the metrics cover the lack of levels’ boundaries
formalization. The case study is based on The Factory Group (TFG) [23], an active
NE in the field of marketing and communication in Luxembourg. TFG brings together
five independent companies linked by their capital structure or by joint venture
agreement. In this case study, we consider two enterprises from TFG: Concept Factory [24] and Exxus [25]. Following the MMEI methodology assessment [10], [11], the
first step is to define the assessment scope which is to evaluate the interoperability
between Exxus and Concept Factory, considering the collaborative process responsible for planning future collaborative tasks. The information used to define the scenario was gathered through interviews and analysis of provided documents by the different enterprises. The selected interviewees are members of the board of directors of
each considered enterprise. Based on the gathered information, we have first applied
the MMEI criteria assessment in each concerned enterprises individually and we have
crossed the obtained results from each one of them in order to identify which potential
incompatibilities may appear when the interoperation starts. One of the main points in

this case study is that according to the gathered information, the collaborative process
responsible for planning future collaborative tasks is not modelled. This process was
introduced when the new responsible was chosen (the Concept Factory Account Director). This leads to work on the tacit knowledge [21]. In the specific case study the
knowledge is trapped in employees mind. The assessors, working to structure and to
understand the level of knowledge possessed, realised that despite the process was not
modelled in both enterprises, most employees knows what need to be done i.e. which
steps they need to take to realize the process. Table 3 shows some of the obtained
results for each enterprise, considering the first MMEI maturity level (Modelled).
Table 3. Simplified view of MMEI raiting. “L” stands for Level. “NA” stands for Not Achieved, “PA” for Partially Achieved, “LA” for Largely Achieved and “FA” for Fully Achieved.
L
1
1

Activities to evaluate
Process models are explicitly defined and
documented (objective evaluation)
Process models are explicitly defined and
documented (assessors perception)

Concept Factory
NA PA LA FA
X

NA

Exxus
PA LA

FA

X
X

X

Even though the process are not modelled in both enterprises, the assessors considered that both enterprises largely achieved the level 1. The assessment was based on
the tacit knowledge presented by the interviewees and their perception considering the
day-of-day from employees. However, the linguistic values assigned to those criteria
are subjective, as it depends of the expertise and considerations of the assessors. Another inconvenience related to the dependence of the assessor’s expertise, is that results may vary from among assessors. Using the same gathered information, we use
the proposed measures, in the assessment step, to verify if the concepts and attributes
from the processes conceptual models are really identified. The obtained results are
the following: CAConceptFactory = 40% (PA) and CAExxus = 0% (NA). The assessment
takes in count mainly the available conceptual models from both enterprises. Concept
Factory has some data models that are used as basis to gather the needed information
in order to plan the weekly tasks but the other process activities are not modelled nor
documented. Exxus does not have any available conceptual model concerning this
kind of process. Having this numeric values, allow assessor to identify what need to
be done to achieve a given maturity level. For example, in this case study, Concept
Factory need to model the remaining 60% concepts and attributes related to the assessed process and Exxus need to model the entire process. A possible solution could
be both enterprises realize the process modelling together, taking into account what
the "Concept Factory" already has.
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Conclusion and Future Work

In this paper, we have proposed an improvement of the Maturity Model for Enterprise
Interoperability by defining formal measures to identify the maturity levels boundaries. It has been asserted that despite being well structured, the boundaries of MMEI
maturity levels lack formalization. Although, it is clear which requirements are need-

ed to reach a given maturity level, the assessment depends on subjective criteria.
Formal measures have been identified as a possibility to fulfil this gap. Furthermore, a
brief analysis considering the MMEI conceptual aspect and quantitative methods was
done. Based on the related work, we proposed to improve the MMEI conceptual interoperability assessment by establishing formal measures in order to define each
maturity level boundaries. A real case study of an active NE in Luxembourg has been
studied to validate the proposed approaches, by illustrating the interoperability evaluation between two enterprises. As future work, we intend to improve MMEI technical and organisational aspects, by applying quantitative evaluation methods. Furthermore, we intend to develop an Interoperability Assessment Approach for Networked Enterprise context. This approach will be part of a Framework for the Networked Enterprise Interoperability that will serve as basis to the development of a
decision-support system for preventing and solving interoperability problems in the
NE context.
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