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Abstract: Interoperability is a software property for exchanging and using information between 
software systems. Some interoperability proposals are intended to use metamodels, models, 
and frameworks, in which visual representations are included. However, such proposals 
describe interoperability according to their point of view, focus of analysis, solution 
techniques, and specific level of interoperability; in addition, some of the visual representations 
use no standards, which lead to subjective interpretations by the reader. In this paper we 
propose a representation formalizing interoperability which includes essential elements and 
structural relationships among them. After a review of previous work, a summary of the 
analyzed literature is performed by using linguistic analysis in order to recognize the 
relationships among interoperability essential elements and mapping them to controlled 
language expressions. Finally, the mapping process is used to represent the interoperability 
essential elements and their relationships by using pre-conceptual schemas linked to the 
definition of each essential element. As a result, a pre-conceptual schema of the software 
system interoperability is proposed. Such a pre-conceptual schema is also used for explaining 
an interoperability lab study adapted from the literature. The proposed pre-conceptual schema 
explains the interoperability between two software systems and allows for characterizing 
interoperability problems and solutions. 
 
Keywords: Interoperability, Formal representation, Interoperability essential elements, Pre-
conceptual schema. 
 
1.  Introduction 
 Interoperability is defined as a software system property and a communication situation 
happening between two software systems [1], [2], [3], [4]. In general, interoperability is related 
to the cooperation among systems for exchanging meaningful information [1], [5]. Therefore, 
the interoperability implies the ability for exchanging data (technical and syntactic 
interoperability) and for understanding and interpreting information (semantic and 
organizational interoperability). 
 Interoperability metamodels, models, and frameworks are proposed for addressing aspects, 
levels, and issues of interoperability [4], [5], [6], [7], [8], [9], [10], [11], [12], [13], [14], [15], 
[16], [17], [18], [19], [20], [21], [22], [23], [24], [25], [26],[27], [28], [29]. Some visual 
representations of interoperability are developed in such proposals in order to simplify, re-
express, and summarize the understanding of interoperability. Interoperability representations 
can be a source of comparison and discussion about interoperability elements, relationships, 
and requirements. In addition, visual representations are useful to recognize and perceive data 
related to interoperability issues [30]. 
 Interoperability is described in previous work according to different points of view—i.e., 
federated, unified, integrated—, their focus of analysis—e.g., model based-system engineering, 
systemic view, property value statement model, SOA, etc.—, and their techniques of 
solution—e.g., middleware, software service, metamodel, standardization, and templates, 
etc.—[4], [6], [7], [8], [9], [10], [11], [12], [13], [25], [29]. The interoperability is analyzed in a  
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general way in previous work. Some problems are related to lack of a unified semantic 
interoperability theory [23], lack of identification of essential elements for describing 
interoperability [19], [31], [37], use of a disunified terminology about interoperability by the 
authors [21], [32], partial view of interoperability [23], [24], and lack of a definition of 
concepts, relations, and properties for describing enterprise architecture [13]. For this reason, 
interoperability elements seem to be different in each proposal; hence, interoperability 
phenomenon seems to depend on a specific technique rather than to follow an invariant 
behavior. Consequently, a variety of concepts can emerge from the interoperability visual 
representations, some of them developed outside standardized semantics and syntax. Therefore, 
the correctness of the representation is compromised and its interpretation becomes subjective 
[30]. For all previous reasons, the interoperability proposals remain difficult for comparing, 
evaluating, and measuring. 
 In this paper we analyze interoperability as a phenomenon of the software systems, 
reaching a high level of abstraction for embracing some points of view, focuses, techniques, 
and levels of interoperability. As a result of such analysis, a visual representation of 
interoperability is proposed by using pre-conceptual schemas—i.e., graphical models for 
representing structural and dynamic views of a given domain. In the pre-conceptual schemas, 
interoperability essential elements are represented as concepts and their associations are 
represented by using structural relationships—i.e., “IS”, “HAS”. Seven essential elements of 
interoperability—i.e., source software system, target software system, information, language, 
symbol, interface, and context—are identified by using a systematic literature review and a 
terminology unification process [31], [32]. 
 Our schema is a view of interoperability between software systems integrating seven 
essential elements. Such a schema represents how interoperability happens when the essential 
elements interact, regardless the way to be implemented. In addition, different levels of 
interoperability—i.e., syntactic, organizational, semantic, and technical—are included. Our 
pre-conceptual schema about interoperability provides a generic way to describe 
interoperability proposals, allowing comparisons of existing proposals based on the 
interoperability essential elements. 
 We instantiate each concept in the pre-conceptual schema by using an example case 
reported in the literature for the sake of exemplification and characterization of the essential 
elements. Characterization is necessary to identify interoperability problems and compare 
different interoperability solutions and proposals. The automation of our model is out of the 
scope of this paper, but it is a possible future work, which can be useful for predicting 
processes and making decisions regarding software interoperability. 
The remainder of this paper is organized as follows: in Section II we present the theoretical 
framework; Section III contains related work about the visual representation of 
interoperability; in Section IV we explain our pre-conceptual schema about interoperability; in 
Section V we propose a lab study; in Section VI we discuss the results, and finally, in Section 
VI we conclude the paper and propose the expected future work. 
 
2. Theoretical Framework 
 In this Section, we present the fundamentals of interoperability, the essential elements of 
interoperability, the definition of some commonly used visual representations to describe and 
formalize interoperability, and the pre-conceptual schemas for graphically representing a 
domain. 
 
A. Interoperability Fundamentals 
 In a software quality model [1], interoperability is defined as an inherent property of the 
software systems characterized by name, type, level, methods, and measures. Specifically, 
interoperability is related to the degree in which systems cooperatively operate [1] or exchange 
meaningful information (in a context) via an interface [5]. In other definitions, interoperability 
is defined as ability, e.g., ability of systems for exchanging information in heterogeneous 
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platforms [2]; ability of enterprises/entities for mutual communication and interaction [3]; 
ability of the manufacturing software systems for sharing and exchanging information with a 
functional objective by using a common interface [33]. In a theoretical point of view, 
interoperability is a paradigm where incompatible systems are put in relation [4] or the 
satisfaction of a communication needed among actors [10]. 
Such definitions include a variety of elements in interoperability. Some of them are applied in a 
specific scenario of use (e.g., middleware, ontology, and services, among others); others seem 
to be enduring notions about interoperability points of view (e.g., systems, information, and 
interface, among others). Also, some concepts are missing in the literature about 
interoperability. For these reasons, the comparison of interoperability proposals is difficult, 
since they avoid commonalities, even though they refer to the same topic. 
 
B. Interoperability Essential Elements 
 In previous work [32], a systematic literature review and a unification process are 
performed for identifying seven interoperability essential elements—i.e., source software 
system, target software system, information, interface, language, context, and symbol—which 
resemble the communication process elements—i.e., transmitter, receiver, message, channel, 
code, context, and signal. The essential elements and their definitions are presented in Tab. 1. 
 

Table 1. Interoperability essential elements [32] 
Concept Definition 

Software System 
(referred to source 
and target software 

system) 

“A system solely consisting of software and possibly the computer 
equipment on which the software operates.” 
“A system made up of software, hardware, and data that provides its 
primary value by the execution of the software.” 

Information 
“The meaning assigned to data by known conventions. The meaning 
that humans assign to data by means of known conventions that are 
applied to the data.” 

Symbol “A representation of something by reason of relationship, association, 
or convention.” 

Language 

“A system consisting of: 
1) a well-defined, usually finite, set of characters 
2) rules for combining characters with one another to form words or 
other expressions 
3) a specific assignment of meaning to some of the words or 
expressions, usually for communicating information or data among a 
group of people, machines, etc.” 

Context 

“Any information that can be used to characterize the situation of an 
entity. An entity is a person, place, or object that is considered 
relevant to the interaction between a user and an application, 
including the user and applications themselves.” 

Interface 

“(i) A common boundary between a considered system and another 
system, or between parts of a system, through which information is 
conveyed. (ii) A hardware or software component that connects two 
or more other components for the purpose of passing information 
from one to the other.” 

 
C. Visual Representations of Interoperability 
 Knowledge representation is a discipline used for analyzing, classifying, and reasoning 
about existing knowledge from a domain [44]. Such a discipline is complemented with 
constructors in other fields of knowledge like logic, ontology, and computing. In addition, 
some formalisms are aimed to represent knowledge, including object-oriented representation, 
decision trees and tables, and description logics, among others.  
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a. Class diagram 

 

 
b. Tables 

 

 
c. Conceptual model 

Diana M. Torres Ricaurte, et al.

104



 
 

 

 
d. Block diagram 

 

 
e. Architectural model 

Figure 1. Visual representations of interoperability (Based on [4], [6], [7], [9], and [10]) 
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 Also, visual representations are considered useful for understanding and perceiving data 
[30]. Some of the visual representations used in formalizations of interoperability include:  
• Class diagram for describing the static view of an application focused on the class 
specification [34], [35]. The main elements of a class diagram are classes, their attributes, 
operations, and relationships (see Figure 1a). 
• Tables for presenting information in an organized and summarized way [36]; they should 
be self-contained and easy to understand (see Figure 1b). 
• Conceptual models for graphically representing a domain (see Figure 1 c). Conceptual 
models can be used to describe in a precise and complete way the knowledge about some 
domain [37], [38]. Conceptual models can take the shape of ontologies related to taxonomies, 
typologies, and component systems [39]. 
• Block diagrams for comprising a set of blocks and their connections based on data flow 
notion [40]. Such diagrams are frequently used in the electronic area for representing 
logical/functional relationship among system components [41] (see Figure 1d). 
• Architectural model for representing different structures of a system, called views which 
embrace some kinds of models—e.g., component diagrams, deployment diagram, and client-
service models, among others—[5] (See Figure 1e). 
 
D. Pre-conceptual Schemas 
 Pre-conceptual schemas (PCS) are graphical models used for representing knowledge and 
summarizing the main characteristics of a problem domain [42]. PCS involve structural and 
dynamic elements of a domain by using a language close to natural language. The structural 
view involves concepts and their relationships, whereas the dynamic view involves operations 
happening into the system. The main elements of a pre-conceptual schema are concepts, 
connections, structural relationships, and dynamic relationships, among others. These elements 
are described in tabel 2. 
 

Table 2. Pre-conceptual schema elements (Based on [43]) 

Element Name Description Graphical 
representation 

Concept 

Represents nouns and noun phrases. 
Concept-class representing real-world things 
and leaf concepts representing attributes of 
class-concepts are included in this symbol 

 
CONCEPT

 

Structural 
relationship 

Represents the verbs “to be” and “to have” 
for producing permanent relationships 

among concepts (IS and HAS) 

STRUCTURAL 
RELATIONSHIP  

Dynamic 
relationship Represents verbs of activity or operation  DYNAMIC

RELATIONSHIP  
Connection Represents links between concepts CONNECTION

 
Annotation Represents possible values of concepts ANNOTATIONS  

Frame Represent a set of elements of the pre-
conceptual schema 

FRAME

 
 
 An example of a graphical representation of a domain by using PCS is presented in Figure. 
2. The concepts professor and person are connected by using a structural relationship is—
denoting an inheritance relationship. The concept person (concept-class) relates to name and 
identification by using structural relationship has—denoting attributes of a person or leaf 
concepts. The concepts professor and exam are connected by using a dynamic relationship 
rates—denoting a temporal action executed by a professor. The direction of the connections 
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indicates the right way for reading the schema. In addition, a table associated with the class 
concept question is presented where some concepts are instantiated to test the functionality of 
the represented domain. Exemplifying the schema is a practical way to clarify the 
correspondence between the represented concepts and the problem domain—the common 
ground for communication and discussion on a domain of interest. 
 

 
Figure 2. Example of a pre-conceptual schema (Adapted from [43]) 

 
3. Related Work 
 Conceptual and visual representations are used to express knowledge about interoperability. 
In general, previous interoperability work refers to perspectives and levels of interoperability, 
different visual representations, proposed usability, and software system states (see Tab. 3). In 
such representations a variety of concepts and elements emerge to explain what interoperability 
is, how it works, and what relationships exist between the interoperability elements. Despite 
such effort, some identified problems persist: lack of an agreed theory of interoperability [23], 
lack of a unified vocabulary [21], [32], variety of essential elements of interoperability [31], 
[14], [19], and lack of an overview about interoperability [23], [24], among others. 
In the case of interoperability perspectives, proposals include some of the three points of view 
about interoperability—i.e., unified, integrated, and federated—(see the column point of view 
in Tab.3). In addition, some of such proposals have different focus for analyzing the software 
interoperability such as Model Driven Engineering MDE, Model Driven Architecture MDA, 
Model Driven Service Engineering MDSE, and Service Oriented Architecture SOA, among 
others [6], [12] (see the column focus in Tab. 3). Such proposals are intended to face the 
heterogeneity of the business logic, business process models, the implemented enterprise 
software systems or platform providers, the enterprise policies, vocabulary, and terminology of 
the domains, etc. [4], [11], [12], [13], [33], [25], [29]. Finally, the proposals involve some 
techniques for solving interoperability issues: middleware layer, mediators, BPMN languages, 
formal ontologies, templates, etc. (see the column technique in Tab. 3). 
 Four levels of interoperability (organizational, technical, semantic, and syntactic) are 
related to the proposals in Tab. 3. Organizational interoperability is represented by modeling 
the integration of physical resources—e.g., servers, databases, etc.—, information technology 
resources—e.g., enterprise software, modeling languages, simulation strategies, etc.—, and 
human resources for proving services among companies [12], [13], [25], [29]. Technical 
interoperability is represented for showing the interaction and connectivity among diverse 
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physical resources—sensors, computer, tablets, etc.—and modeling software architecture [9], 
[13], [21], [26]. The semantic interoperability is represented for achieving the understanding of 
the domains involved in an interoperability relationship [7], [8], [12], [21], [22], [33], [25], 
[27], [28]. Syntactic interoperability is commonly represented inside the other three levels as 
an intermediate process—e.g., data processing, categorization, and standardization, etc. 
 Visual representations (see the columns 7–10 in Tab. 3) frequently show a structural view, 
leaving aside the interactions of the interoperating systems. Other processes—taking, 
transforming, translating, and interpreting the information to achieve the desired 
interoperability—are left aside. Furthermore, lack of exemplification of some proposals keeps 
them at a conceptual level, making their application difficult. For example, a table with a 
characterization of interoperability in context-aware software system CASS is presented [9]. 
However, the relationships among interoperability features are misidentified and 
interoperability is unexplained. Also, they lack examples of the suggested visual 
representation. 
 Something similar happens where the main interoperability concepts are presented from the 
point of view of general systems theory [4]. An explanation of how interoperability occurs is 
missing. Even though an example of the model usage is provided, it is complex and difficult to 
understand. 
 The use of the proposed usability (see the column proposal usability in Tab. 3) shows a 
trend towards the domain knowledge and the interoperability understanding. However, the 
interoperability understanding and the terminology unification are limited to make an analysis 
of each proposal. For example, in standard 11354 [11] enterprise interoperability is explained 
in terms of four dimensions—i.e., business, process, service, and data. Some of such concepts 
are untraceable into other interoperability formalizations. In contrast, interoperability is defined 
as “the satisfaction of the need for communication between two or more actors” [10]; then, 
interoperability is presented by using particular concepts such as message passing systems, 
actor-software system and constructions-elements. 
 Finally, the essential elements of interoperability are outlined in few proposals. For this 
reason, the phenomenon of interoperability lacks a description with a unified terminology. 
Therefore, the characterization of interoperability is partially achieved and a comparison 
between the different proposals—even referring to the same point of view and technique of 
interoperability—is difficult. 
 Something similar happens with the interoperability assessment. The evaluation is carried 
out by using criteria associated with a large number of dimensions, features, profiles, 
templates, etc. [9], [21], [22], [24], [33]. 
 Also, most of the proposals are useful to identify/correct interoperability problems when 
software systems are in operation (see the column state of software system in Tab. 3), while 
others are intended to predict and design interoperability in early stages of software system 
development.
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Table 3. Findings of the literature review about interoperability 
Study Interoperability 

level Visual representation Proposed usability Interoperability perspective Software system 
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Amr et al., 2017 
[6] Model    X Architectural 

model   X     X   Integrated 

MDA, SOA 
service-oriented 

architecture, 
Intermediate 

Middleware Operational 

Bazoun et al., 
2016 [12] 

Common 
framework    X Block diagram  X     X  X  Integrated MDSEA Simulation Operational 

Saha et al., 2017 
[7] 

Common 
framework X    Block diagram  X     X    Integrated Data assertion Formal ontology During all states 

Epple et al., 2017 
[8] Model X    Class diagram  X     X    Unified 

Property value 
statement 

model 
Standardization Operational 

Motta et al., 2016 
[9] 

Systematic 
literature 
review 

    Table  X   X     X N/A CASS Interoperability 
characterization Operational 

Ulberg et al., 
2012 [10] Metamodel   X  Class diagram  X  X      X Unified Architecture 

models N/A Architecture selected 

Naudet et al., 
2010 [4] Metamodel    X Conceptual 

model X X    X    X 
Integrated, 

unified, 
federated 

General system 
theory 

Negotiation, 
homogenization, 

bridging, 
compensation 

Operational 

ISO 11354, 2011 
[11] Standard    X Conceptual 

model X X  X X     X 
Integrated, 

unified, 
federated 

Manufacturing 
companies N/A During all states 

 
Chen et al., 2008 

[13] 

Systematic 
literature 
review 

   X Table  X   X     X N/A Architectures 
for enterprises N/A Architecture selected 

Serapião et al., 
2019 [20] Metamodel    X Class diagram X X  X X     X Integrated, 

unified, 
Model-based 

system N/A Operational 
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Study Interoperability 
level Visual representation Proposed usability Interoperability perspective Software system 

federated engineering 

Motta et al., 2019 
[21] 

Systematic 
literature 
review 

  X  Conceptual 
model X X    X X    N/A CASS N/A During all states 

Liu et al., 2020 
[22] 

Systematic 
literature 
review 

   X Table  X  X   X    N/A Business 
processes N//A Operational 

ISO 16100, 2009 
[33] 

Common 
framework   X  Conceptual 

model  X  X X  X    Integrated Manufacturing 
software Template During all states 

Haile and 
Altmann, 2018 

[25] 
Model X   X Block diagram  X        X Unified 

Software 
services 

platforms 
Standardization Operational 

Jepsen et al., 2021 
[26] Model X X X  Architectural 

model  X      X   Unified 
Intelligent 

networks of 
machines 

Middleware Operational 

Turk, 2020 [27] Interoperabil
ity study X    Conceptual 

model  X        X 
Unified,  

integrated, 
federated 

Construction 
integration 
technology 

Standardization During all states 

Burzlaff et al., 
2019 [28] 

Systematic 
literature 
review 

X    Architectural 
model  X    X    X N/A Software 

architecture N/A During all states 

Zacharewicz et 
al., 2020 [29] 

Common 
framework    X Block diagram  X      X   Integrated MDSEA Simulation Operational 

 
4. Software Interoperability Representation 
 Some interoperability perspectives and levels are considered in previous work, as depicted in the last section. Such work present interoperability 
solutions and models by using visual representations. According to Tab. 3, such work is limited by the interoperability level, focus, and technique, 
likewise the terminology is dependent to the analysis scope and the particular essential elements of interoperability. In this Section we propose a high-
level abstraction for analyzing the software interoperability by reaching an independent explanation of any focus, level, and technique of interoperability. 
We use pre-conceptual schemas for representing the seven essential elements of interoperability. 
 The main research question motivating the literature review in [32] are: what is the main set of concepts describing interoperability? This question is 
derived from the lack of unification regarding the terminology for explaining the interoperability phenomenon (as we can also see in Tab. 3). We identify 
seven concepts as essential for describing interoperability after performing the terminology unification process: source software system, target software 
system, information, context, symbol, language, and interface. In consequence, underlying research questions (RQ) and challenges (CH) arise from the 
identification of essential elements: 
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RQ1—How the essential elements are related to interoperability? 
RQ2—Can we describe all the levels of interoperability in terms of its essential elements? 
CH1—Achieving a classification of interoperability solutions and problems based on the 
interoperability essential element for supporting decision making from design to operation of 
software systems. 
CH2—Defining interoperability evaluation criteria based on categorization of the 
interoperability knowledge. 
 We propose to relate the seven interoperability essential elements [31, 32] by using a PCS. 
PCS use only two types of structural relationships (IS and HAS) making it intuitive and easy to 
understand. Structural relationships are important for understanding the taxonomic 
relationships is-a and whole-part in a given domain, e.g., interoperability. Another advantage 
of PCS is related to obtaining source code and collecting data of every concept-class in tables 
allowing to evaluate the consistency with the modeled domain. Such advantages make PCS 
suitable for representing interoperability phenomenon. 
 Our PCS about interoperability is developed in two phases: i) mapping: for extracting 
information about the interoperability essential elements from the literature and translating it 
into a controlled language; and ii) development: for relating the essential elements, 
representing their relationships, and defining each essential element. 
 
A. Mapping Phase 
 We perform a systematic literature review for recognizing relationships among the 
interoperability essential elements. We use as a guide some elements of Tab. 3, e.g., 
explanations of interoperability from different points of view, focuses, techniques, and levels; 
proposals considering interoperability in different states of a software system—i.e., from the 
architecture state to the operational state; and proposals with visual representations and models 
(see Tab. 3). We aim to complete a description of interoperability embracing each perspective. 
We identify the seven essential elements of interoperability are present in all the 
interoperability definitions—different names are used but the notion remains. Based on such 
premise, we search again the literature for finding how such elements are associated with each 
other, what is the role of each element—the kind of relationship they exhibit—during the 
interoperability, what are their dependencies, and what attributes are relevant in the context of 
interoperability. 
 We adapt the methodology for mapping discourses from business-based technical 
documents [44] in order to perform our search. In our case, we just focus on the semantic 
analysis—lexical-semantic analysis and phrasal expression analysis—and the extraction of 
information (a manual process). The analyzed documents belong to the previous work of this 
paper (see Section 3) and other work [32]. So, we collect a corpus related to the software 
interoperability area. The stages covering the complete process are: (i) structural and functional 
analysis (ii) semantic processing, and (iii) discourse mapping. In the first stage, we locate each 
one of the seven elements for: getting the given definition, if any, by the authors; drawing the 
concept into a context close to the interoperability definition and explanation; looking for the 
concept relationships indicated in visual representation; and identifying attributes associated to 
the element. In the second stage, we execute lexical semantic analysis and phrasal-expression 
analysis for simplifying expressions based on the parse-tree technique and understanding the 
structure and relationships of the words in sentences; next, we make context analysis looking 
for phrasal expressions used for tenure and inheritance relationships. In the third phase, we rule 
the structure of common phrasal expression in the interoperability corpus by using some rules 
[44] as common grammatical structures for technical documents written in English; moreover, 
we group some verbs based on WordNet—a semantic resource for grouping senses of the same 
word—, mapping them into a controlled language near to the PCS—i.e., expressing IS/HAS 
relationships. 
 The resulting process for searching the literature and mapping interoperability elements into 
a controlled language is summarized in Tab. 4. First column contains the interoperability 
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element. The text defining/including the interoperability element is described in second 
column. The third column comprises the mapping rule used for translating the text—the 
centered rules are applied for more than one expression—into a controlled-language expression 
included in the last column. 
 

Table 4. Mapping process to controlled language (1/3) 

 

Relationships of concept Mapping rule Expression in CL 
(ECL) 

IN
FO

R
M

A
T

IO
N

 

...ability of the models to exchange 
information… [14] 

 If Obj1 + [exchange| provide| 
share| communicate| carry] + 

Obj2 -> Obj1 + has + Obj2 
exchange S(v) give or receive 

from one another 
provide S(v) give something 

useful or necessary 
share S(v) have in common 

communicate S(v) transmitting 
information 

give S (v) transfer possession of 
something concrete or abstract to 

somebody 
carry S(V) have with oneself; 

have on one's person 

Model has 
information 

… source and receiver can exchange 
information… [15] 

Source has 
information 

Receiver has 
information 

...ability two or more systems or 
components to exchange 

information… [4] 

System/components 
has information 

…ability of two systems to 
exchange, and correctly interpret 
and process  information… [16] 

System has 
information 

...organization sharing information 
and cooperating… [45] 

Organization has 
information 

...software systems capability to 
communicate and exchange 

information… [17] 

Software system has 
information 

…in the context of information 
exchange among software …[27] 

Software has 
information 

… interoperating for a system means 
to provide a mutual flow of desired 
outputs( information, products)  to 

another system… [3] 

System has outputs 
System has 
information 

If Obj1 + [ : | "(" | i.e.| e.g.] + 
Obj2+ "," +  Obj3+ ","+ .. + 

[(")")]-> Obj2|Obj3|..  + is + Obj1 
Information is output 

… systems or components use 
exchanged information…[4] 

If  [Adj| VBN]+Obj-> Obj + has + 
attribute  [value: Adj | VBN] 

Information has an 
attribute [value: 

exchanged] 
...Information is understood to be 

data in context…[14] 
If  [Adj| VBN]+Obj-> Obj + has + 

attribute  [value: Adj | VBN] 
If Obj1 + [is|(a| an)] + Obj2 -> 

Obj1 + is + Obj2 

Information is data in 
context 

…information is the meaning 
assigned to data by known 

conventions ... [2] 

data has attribute 
[value: meaning 

assigned] 
Information is data 

...A Conversation consists of a set of 
Constructs…[10] 

If Obj1 + [consist of| contain ] + 
Obj2 -> Obj1 + has + Obj2 Conversation has 

constructs (VR) Constructs  is the content of 
Conversation [10] 
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…System is made by subsystems… 
[3]  

If Obj1 + [is made (up| by)] + 
Obj2 -> Obj1 + has + Obj2 

System has 
subsystems 

...A system is a bounded set of inter-
connected elements… [14] 

If Obj1 + [is|(a| an)] + Obj2 -> 
Obj1 + is + Obj2 System has elements 

If  [Adj| VBN]+Obj-> Obj + has + 
attribute  [value: Adj | VBN] 

Element has attribute 
[value: inter-
connected] 
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…interoperability is a relation 
between systems…[10] 

If Obj1 + [is (a) (kind| type) of] + 
Obj2 -> Obj1 + is + Obj2 

Interoperability is 
relation between 

systems 
...Semantic interoperability means 

that sources and receivers can 
exchange information in a 
meaningful manner… [15] 

If Obj1 + [exchange| provide| 
share| communicate| carry] + 

Obj2 -> Obj1 + has + Obj2 

Source has 
information 

Receiver has 
information 

… a system can be real or abstract 
and can belong to any part of 

another system: a software 
component, as well as a hardware 
component, a person, a business 

rule, etc., can all be elements of a 
system…[4] 

If Obj2 [belong to] Obj1 -> Obj1 
has Obj2 

System has another 
system 

If Obj1 + [ : | "(" | i.e.| e.g.] + 
Obj2+ "," +  Obj3+ ","+ .. + 

[(")")]-> Obj2|Obj3|..  + is + Obj1 

Software is system 
Hardware is system, 

etc. 
If Obj1 + [of the| of each| of a)] + 

Obj2 -> Obj2 + has + Obj1 System has elements 

...system comprising of a 
heterogeneous mix of software and 

physical components…[15] 

If Obj1 + [consist| contain 
(of)|comprise (of|for)] + Obj2 -> 

Obj1 + has + Obj2 

System has software 
component; System 

has component 
…Software system involves 
hardware, software, and data 
associated with the software 

execution…[46] 
If Obj1 +[ include| involve] + 

Obj2 -> Obj1 + has + Obj2 

Software system has 
software 

Software system has 
hardware 

Software system has 
data 

...Actor (the source actor) knows the 
Address of another 

Actor (the target actor)…[10] 

If Obj1 + [ : | "(" | i.e.| e.g.] + 
Obj2+ "," +  Obj3+ ","+ .. + 

[(")")]-> Obj2|Obj3|. + is + Obj1 

Source actor is actor 
Target actor is actor 

(VR) Actor is the communicator of 
the conversation [10] 

If Obj1 + [exchange| provide| 
share| communicate| carry] + 

Obj2 -> Obj1 + has + Obj2 

Actor has 
conversation 

 
Table 4. Mapping process to controlled language (2/3) 

 Relationships of concept Mapping rule Expression in CL 
(ECL) 

SS
S 

 
T

SS
 

(VR) Engineered system inherits from 
System [20] 

If Obj1 + [is|(a|an)]+ Obj2 -> 
Obj1 + is + Obj2 

Engineered system is 
system 

…A system can be an abstraction for 
many organizational and institutional 
entities in the construction industry 

such as engineering software and on-
line engineering service…[27] 

If Obj1 + [ : | "(" | i.e.| e.g.| such 
as ] + Obj2+ "," +  Obj3 + ","+ .. 

+ [(")")]-> Obj2|Obj3|. + is + 
Obj1 

Engineering software 
is system 

On-line engineering 
service is system 

 
…An interoperable IT service 

platform allows for the creation of a 
system of compatible suppliers…[25] 

If Obj1 + [of] + Obj2 -> Obj2 + 
has + Obj1 Compatible suppliers 

has System 

L
A

N
G

U
A

G
E

 

...Language are used to encode and 
transmit information…[10] 

If Obj1 + [exchange| provide| 
share| communicate| carry] + 

Obj2 -> Obj1 + has + Obj2 

Language has 
information 

...Language might consist of  several 
sub-languages…[10] 

If Obj1 + [consist (of)|contain| 
comprise (of|for)] + Obj2 -> Obj1 

+ has + Obj2 

Language has 
sublanguages 

… Actors share a Language ….[10] if Obj1 + [exchange| provide| 
share| communicate| carry] + 
Obj2 ->  Obj1 + has + Obj2 

Actor has language 

(VR) Language is made up of 
sublanguage [10] 

If Obj1 + [is made (up| by)] + 
Obj2 -> Obj1 + has + Obj2 

Language has 
sublanguage 

(VR) Language carrying language 
[10] 

if Obj1 + [exchange| provide|  
share| communicate|  carry] + 

Language has 
language 
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(ECL) 

Obj2 ->  Obj1 + has + Obj2 
… Business Process Execution 
Language (BPEL) …When the 

transformation of BPMN process to 
BPEL of each interconnected 

information system is completed…[6] 

If Obj1 + [of the| of each| of a)] + 
Obj2 -> Obj2 + has + Obj1 

Information system 
has BPEL 

...There are different approaches to 
interoperability and they are all 

equivalent in that they result in a 
common language that is either 

prescribed or emerges…[14] 

If Obj1 + [ to be + (assimilate| 
equivalent) (to)] + Obj2 -> Obj1 + 

has + Obj2 

Interoperability has 
common language 

...Communication may not be 
achieved because of mismatches 

(heterogeneity),i.e., the languages of 
the two protocols are different, 

although semantically 
equivalent…[18] 

If Obj1 + [of the| of each| of a)] + 
Obj2 -> Obj2 + has + Obj1 

Protocol has 
language 

SY
M

B
O

L
 

… language is a set of structured 
symbols. A unified language helps 
achieving homogenization….[14] 

If  [Adj| VBN] + Obj-> Obj + has 
+ attribute  [value: Adj | VBN] 

Symbol has attribute 
[value: structured] 

If Obj1 + [is (a| an)]+ Obj2 -> 
Obj1 + is + Obj2 Language is symbol 

… Language is a system consisting of 
a well-defined, usually finite, set of 

characters…[2] 

If Obj1 + [consist | contain 
(of)|comprise (of|for)] + Obj2 -> 

Obj1 + has + Obj2 

Language has 
character 

...A Language can be described in 
detail by its containing Constructs 

….[10] 

If [PAdj] + Obj2->  X + has + 
Obj2 

X has construct 
X=Language 

...The context of a language is the set 
of constructs associated with the 
symbols of the language…[15] 

If Obj1 + [of the| of each| of a)] + 
Obj2 -> Obj2 + has + Obj1 

Language has 
symbol 

...A symbol is a physical object (e.g. a 
character string) that is used to 

designate meaning…[15] 

If Obj1 + [is|(a| an)] + Obj2 -> 
Obj1 + is + Obj2 

Symbol is physical 
object (e.g. a 

character string) 

IN
T

E
R

FA
C

E
 

(VR) interface has design input…. [7] 
 

Interface has input 
(VR) interface has 

output/suggestions…. [7] 

 

Interface has output 
interface has 
suggestion 

… systems exchange information 
through a well-defined interface… 

[14] 

if Obj1 + [exchange| provide| 
share| communicate| carry] + 
Obj2 ->  Obj1 + has + Obj2 

Interface has 
information 

(VR) system has interface [4] 
 

System has interface 
..behavior of a protocol from an 

external point of view thus consisting 
of the sequence of input and output 

actions at interface level…[18] 

If Obj1 + [consist | contain 
(of)|comprise (of|for)] + Obj2 -> 

Obj1 + has + Obj2 

Protocol has action 
Protocol has 

interface level 
If  [Adj| VBN] +  Obj-> Obj + has 

+ attribute [value: Adj | VBN] 
Action has attribute 

[value= input] 
/[value=output) 

 ...denote the data exchange interfaces 
required to exchange or externally 

store product information in a 
standardized format… [19] 

If Obj1 + [exchange| provide| 
share| communicate| carry] + 

Obj2 -> Obj1 + has + Obj2 
Interface has 
information 

…the system behavior (its running 
actions and transformations) is mostly 
reflected through the interface, which 

we assimilate to the set of 
inputs/outputs characterizing 

If Obj1 + [ to be + (assimilate| 
equivalent) (to)] + Obj2 -> Obj1 + 

has + Obj2 Interface has  
input/output 
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(ECL) 

quasiisolated systems…[4] 
…interface is a common boundary 
between a considered system and 

another system, or between parts of a 
system, through which information is 

conveyed…[2] 

if Obj1 + [convey| pass| transfer ] 
+ Obj2-> Obj1 + has + Obj2  

convey S(V) (of information) make 
known; pass on   

transfer S(V) (v) move from one 
place to another, send from one 

person or place to another 

Interface has 
information …interface is a hardware or software 

component that connects two or more 
other components for the purpose of 
passing information from one to the 

other…[2] 
...the “symbiosis channel” that is a set 

of elements and interfaces that 
provides the exchange of elements 

(information, parts of any kind) useful 
to the interoperation…[3] 

If Obj1 + [exchange| provide| 
share| communicate| carry] + 

Obj2 -> Obj1 + has + Obj2 
Interface has element 

If Obj1 + [ : | "(" | i.e.| e.g.| such 
as ] + Obj2+ "," +  Obj3 + ","+ .. 

+ [(")")]-> Obj2|Obj3|. + is + 
Obj1 

Information is 
element 

… the interfaces of a software 
component are described by interface 
types, the distinction between required 

an provided functionality… [28] 

If Obj1 + [of the| of each| of a)] + 
Obj2 -> Obj2 + has + Obj1 

Software component 
has interfaces 

If Obj1 + [describe by] + Obj2 -> 
Obj1 + has + Obj2  

 describe S(V) to point out the 
qualities of an individual 

Interface has type 
Interface has 
functionality 

if [Adj| VBN] + Obj-> Obj + has 
+ attribute  [value: Adj | VBN] 

Functionality  has 
attribute [value= 

required] 
/[value=provided) 

…The standardized interfaces can 
comprise those for business tasks, 

administration tasks, execution task, 
and specific data formats…[25] 

If Obj1 + [consist| contain 
(of)|comprise (of|for)] + Obj2 -> 

Obj1 + has + Obj2 

Interfaces has 
business tasks 
Interfaces has 

administration tasks 
Interfaces has 
execution task 

…These characteristics are the 
interfaces (I/O) requested… [29] 

If Obj1 + [ : | "(" | i.e.| e.g.| such 
as ] + Obj2+ "," +  Obj3 + ","+ .. 

+ [(")")]-> Obj2|Obj3|. + is + 
Obj1 

Input interface is 
interface 

Output interface is 
interface 

 
Table 4. Mapping process to controlled language (3/3) 

 Relationships of concept Mapping rule Expression in CL 
(ECL) 

C
O

N
T

E
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… Reference Language is a Language 
in which all the  

concepts relevant to the 
Communication Need can be 
unambiguously defined…[10] 

If Obj1 + [is (a| an)]+ Obj2 -> 
Obj1 + is + Obj2 Reference language 

is language 

(VR)  reference language is the 
domain of the communication need 

[10] 

If Obj1 + [is (a| an)]+ Obj2 -> 
Obj1 + is + Obj2 

Reference language 
is domain 

If Obj1 + [of the| of each| of a)] + 
Obj2 -> Obj2 + has + Obj1 

Communication need 
has domain 

….Useful models will be those 
identifying and describing the elements 

that are involved in the 
interoperation…[4] 

If Obj1 + [to be + VBN] + by + 
Obj2 -> Obj2 + VB + Obj1 

If Obj1 +[ include| involve] + Obj2 
-> Obj1 + has + Obj2 

Interoperation has 
element 

(VR) model has representation [4] 
 

Model has 
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(ECL) 

representation 
(VR) Context characterizes level [21] If Obj1 + [characterize] + Obj2 -> 

Obj2 + has + Obj1  characterize 
S(V) be characteristic of 

Level has context 

...From the analyzed data, context 
information ( business information, 
extrinsic environment information, 

interaction time, intrinsic environment 
in- formation, and user knowledge ) 
does not prevent the interaction from 

happening… [21] 

If Obj1 + [ : | "(" | i.e.| e.g.| such 
as ] + Obj2 + "," +  Obj3+ ","+ .. 

+ [(")")] -> Obj2|Obj3|.. +  is + 
Obj1 

Extrinsic 
environment 

information is 
context information 

(VR) Business processes supported by 
the digital systems in their individual 
contexts can be aggregated to achieve 

the overall intended purpose [22] 

If [PAdj] + Obj2->  X + has + 
Obj2 X has context 

X=Digital systems 

...Ensuring semantic interoperability is 
difficult when sources and receivers 

have different contexts…[18] 

 

Source has context, 
receiver has context 

...context defined by Bunge as C = (S, 
P, D). D, the domain of the context, is 
a set of individuals. There are no other 
individuals in C other than those in D. 

P is a set of predicates that are 
meaningful in C, with well-defined 

arity (i.e. number of arguments in its 
argument list)... S is a set of statements 

or propositions which contain only 
predicates from P and arguments from 

D...[18] 

If Obj1 + [is (a| an)]+ Obj2 -> 
Obj1 + is + Obj2 

Context is C=(S,P,D) 
S is proposition 
P is predicate 

D is individual 

...semantic interoperability not only 
entails the data being universally 

accessible and reusable but addresses 
the lack of common understanding 
caused by use of different semantic 
representations, such as dissimilar 

contexts…[22] 

If Obj1 + [ : | "(" | i.e.| e.g.| such 
as ] + Obj2+ "," +  Obj3 + ","+ .. 

+ [(")")]-> Obj2|Obj3|.. + is + 
Obj1 

Dissimilar context is 
different semantic 

representation 

...right information is exchanged which 
by definition implies some type of 

context sharing between the systems, 
i.e. there is a common understanding 
of the meaning and context of use of 

the information... [14], [45] 

If Obj1 + [to be + VBN] +by+ Obj2 
-> Obj2 + VB + Obj1 

Context is shared by 
systems 

If Obj1 + [exchange| provide| 
share| communicate| carry] + Obj2 

-> Obj1 + has + Obj2 
Systems has sharing 

context 

...Metadata registries, while useful in 
storing information, do not have the 

structure necessary for a formal 
semantic alignment simply because 
they do not maintain the context of 

information…[14] 

If Obj1 + [of] + Obj2 -> Obj2 + 
has + Obj1 

Information has 
context 

...A formal context is a triple (G, M, I) 
is called a formal context, if G and M 

are sets and  I Í G X M is a binary 
relation between G and M. the 

elements of G are usually called 
objects and the elements of M 

attributes…[16] 

If Obj1 + [is (a| an)]+ Obj2 -> 
Obj1 + is + Obj2 Context is 

triple(G,M,I) 
G is elements 
M is attribute 

I is relationship 

...Many problems are caused by If Obj1 + [of] + Obj2 -> Obj2 + Data has context 
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(ECL) 

systems’ heterogeneity on data 
representation, meaning or context… 

[17] 

has + Obj1 

...The broader engineering context 
would include this common core 

along with additional concepts 
(objects, relationships, attributes, 

etc.)…[19] 

If Obj1 +[ include| involve] + Obj2 
-> Obj1 + has + Obj2 

Context has common 
core; context has 

element; context has 
attribute; context has 

relationship 

…Ontologies are a means to create a 
shared metadata model, describing 

knowledge through concepts, relations, 
and context… [26] 

If Obj1 + [describe (by|through)] + 
Obj2 -> Obj1 + has + Obj2  

 describe S(V) to point out the 
qualities of an individual 

 

Metadata model has 
context 

Metadata model has 
concepts 

Metadata model has 
relations 

CONVENTIONS: Adj=Adjective; VB=Verb Base form; VBN= Verb Past Participle; PAdj= 
Possessive Adjective; (VR)= from visual representation; ABC: gray underlined words 

correspond with concepts mapped in the original concepts 
 

B. Development Phase 
 We develop the PCS of Figure. 3 by using the expressions in controlled language from Tab. 
4. In the next subsections we discuss the explanation about how the relationships of the 
elements are obtained based on the results of the mapping process and the definition of each 
element. 
 

 
Figure 3. Interoperability pre-conceptual schema 

 
1) Source Software System and Target Software System 
 According to Tab. 4, interoperability is explained as a relation—ECL: interoperability is 
relation between systems—happening between systems. The system has subsystems and 
elements—ECL: system has elements, subsystems, another system. At the same time, a 
software system is itself a system—ECL: engineered system is system, software is system; 
hardware is system—therefore, it inherits all the properties of a system. In addition, the 
exchange of information during interoperability is related to a source and a target system—
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ECL: source has information, receiver has information—so source software system and target 
software system appear as specialized concepts from software system by using an “IS” 
relationship. In the event that interoperability occurs, from the target software system to the 
source software system—e.g., in a mutual flow deriving into an answer—the roles of the 
systems are switched for describing a new interoperability situation. 
Definition: interoperability happens at least between two software systems. Source software 
system is the system intended to create the information to be exchanged, and target software 
system is intended to use the exchanged information. Source and target software systems have 
an interoperability context—i.e., information describing a set of characteristics of the software 
system. 
 
2) Information 
Interoperability is the ability of systems—source software system and target software system—
for exchanging information; such information is something belonging to the systems—ECL: 
system has information, software system has information, organization has information, etc. 
Specifically, source software system has the information for producing the exchange and target 
software system is interested in accessing this information—ECL: source has information, 
target has information. For this reason, information in our PCS is associated with the two 
software systems presenting a structural relationship “HAS,” meaning the same information 
belongs to both software systems. 
Information can represent a set of some outputs of a software system—ECL: information is 
output—, which comprises data organized in some way—ECL: information is data, 
information is data in context. In this sense, we encompassed several types of structured data 
under the information concept—e.g., in a manufacturing context, information is a type of 
structured data called capability profile representing a set of key features of a manufactured 
equipment. 
Definition: Information is the main resource exchanged between source and target software 
systems during interoperability. Information comprises organized data. In addition, a condition 
for interoperability is the use of information; therefore, interoperability implies the correct 
interpretation and processing of the exchanged information. 
 
3) Context 
Context element represents the needed information for interpreting the exchanged 
information—ECL: information has context, data has context, business information is context 
information, etc. Each software system has its own context for creating and interpreting 
information—ECL: source has context, receiver has context. However, a shared context 
between the software systems is needed for the information exchange—ECL: context is shared 
by systems, system has sharing context, dissimilar context is different semantic representation. 
In addition, definition of context are related to different elements—ECL: Context is 
triple(G,M,I), Context is C=(S,P,D). For these reasons, context is represented as a collection of 
atomic concepts of the software system rather than a singular element. Common context is also 
a collection of elements needed for interpreting the exchanged information. 
Definition: Context is related to the interpretation of exchanged information during 
interoperability. The context involves a set of software system elements used for matching and 
transforming the exchanged information. 
 
4) Interface 
Interface is used for exchanging information between software systems. Interface has 
information at some level—ECL: interface has information. Hence, a structural relationship 
“HAS” links interface to information and interface is an independent element of the two 
software systems. Moreover, interface is related to the processing of inputs and outputs—ECL: 
interface has input/output, interface has output, interface has suggestion—concerned to the 
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manipulation and transformation of the exchanged information. Finally, interface is key in the 
achievement of the common context between source and target software systems. 
Definition: Interface is the means for exchanging information between software systems. The 
interface involves transformation rules for establishing several relationships among the 
elements of a source and target software systems. Each transformation rule also involves 
conditions about the elements. 
 
5) Language 
Language is used for encoding information to be exchanged—ECL: language has information. 
A language includes syntax and semantic rules represented with structural relationship “HAS” 
in PCS. Source and target software systems have their own language for writing information 
related to software interoperability—ECL: actor has language, protocol has language, 
information system has BPEL language. Both source and target language are specializations of 
the language concept represented by an “IS” relationship.  
Definition: Language is the code in which information is written. A language includes 
structures and rules for defining well-formed messages. In the case of the source software 
system, an exchange language is used for writing the information to be exchanged. A 
transformation could be needed for understanding the exchanged information in target software 
system. 
 
6) Symbol 
Symbol and language are connected by using a “HAS” relationship because a language is made 
up by symbols—ECL: language has symbols, language is symbol, language has character, 
language has construct, etc. Languages encompass symbols in more complex structures named 
words. Words are the basic structures of a language which have a meaning. 
Definition: Symbol is one of the individual elements conforming the content of the 
information. Symbols are representations with a name inside a language. Symbols can belong 
to several languages and have different applications. 
 
5. Lab study—Example of Application  
 In this section, we instantiate the proposed PCS (see Figure. 3) by using a lab study. Such a 
study is a description of an interoperability practical situation with sufficient data for 
describing interoperability elements. Our lab study allows for recognizing interoperability 
elements regardless interoperability level, focus, and solution technique. Our outcomes are sets 
of tables—one for each interoperability element and its attributes—representing instances of 
the interoperability elements at a given time. 
 We use the example case proposed by Tolk et al. [47] related to the interoperability among 
three software systems—the car renting company EZRental, the dealership company A&C, and 
the manufacturing company CheapCar. The purpose of the interoperability between EZRental 
(playing the role of the source software system) and A&C Dealership (playing the role of the 
target software system) is the exchange of information about cars. Meanwhile, the purpose of 
the interoperability between A&C Dealership (source software system) and CheapCar (target 
software system) is the exchange of information about car parts when some parts should be 
replaced. 
 Following the interoperability PCS (see Figure. 3), interoperability has two software 
systems participating in the example at some time, source and target software systems take 
values depending on the described interoperability situation—i.e., interoperability between 
EZRental and ChepCar or interoperability between EZRental and A&C Dealership. According 
to such a PCS, the attributes associated with the software systems are id and name; for this 
reason, source software system table and target software system table have two fields Id and 
Name. In Figure. 4, we present again the portion of the PCS being instantiated and color the 
rows that correspond to every software system in order to differentiate them in future tables. 
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Source Software 
System

Target Software 
System

IS

Software 
System

Id Name
100 EZ Rental
101 A&C Dealership

Source Software System

Id Name
200 A&C Dealership
201 CheapCar

Target Software System

 
Figure 4. Source and target software system instantiated tables (The authors) 

 
 Then, we can observe the elements of EZRental software system mainly comprise cars, 
which are rented by customers. Some relevant attributes of a car are id, type, manufacturer, and 
mileage (attributes in light gray color in Figure. 5). Regarding the system A&C Dealership, the 
relevant elements when interoperability happens are car, part, and manufacturer (elements in 
gray color in Figure. 5). Finally, for CheapCar the most important elements are customer and 
part (elements in white color in Figure. 5). We use as foreign keys one of the leaf concepts 
belonging to the concept before a “HAS” relationship. For example, in Figure. 5 Software 
System Id field—in Source Software System Element table—indicates this element belongs to 
a particular software system. 
 Both software systems have a set of languages for exchanging information which are a 
portion of a complete language. For this reason, tables source language and target language 
(see Figure. 6) have references to a language, a symbol, and a software system (source and 
target respectively). Such elements are associated with the usage and interpretation of symbols 
in every software system. In the lab study, the exchange language is XML; hence, source and 
target software systems are intended to adopt such a language. However, the resulting syntax 
(format) and semantics (meaning) for exchanging information are particular to each software 
system. Syntax and semantic concepts are out of the scope of this paper. 
 

 
Figure 5. Elements and attributes of source and target software system instantiated tables  

(The authors) 
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Figure 6. Source and target language instantiated tables (The authors) 

 
 Information is the core object of interoperability; the content of the information involves 
structures coded by using an exchanged language (Source Language Id column in table 
Content). In addition, the information content is specified with an order (Order column in table 
Content), which is necessary for rebuilding the original information in the target software 
system. The values related to the tables of information are presented in Figure. 7, dotted box 
exemplify a portion of information. 
 

Source Software 
System

Target Software 
System

Information

HAS

HAS

Content

Id

HAS

Language

Source 
Language HASHAS

Symbol ISHAS

Id
Source 

Software 
System Id

Target 
Software 
System Id

Interface Id

Inf1 100 200 IN101
Inf2 101 201 IN102

Information

Id Order Information Id Source 
Language Id

Ct1 1 Inf1 LS1
Ct2 3 Inf1 LS4
Ct3 2 inf1 LS2
Ct4 4 Inf1 LS5
Ct5 5 Inf1 LS6
Ct6 9 Inf1 LS7
Ct7 6 Inf1 LS8
Ct8 7 Inf1 LS9
Ct9 8 Inf1 LS8

Content

...

Id Name Type
1000 0 Integer
1001 1 Integer
1002 2 Integer
10010 A Letter
10013 D Letter
10027 R Letter
10028 S Letter
10029 T Letter
10030 U Letter
10031 V Letter
10032 W Letter
10033 X Letter
10034 Y Letter
10035 Z Letter
10036 < Special character
10037 > Special character
10038 / Special character

Symbol

…

 < R O W D A T A >
<ROW id=”3543-004-4" type=”Hatchback” 
mileage=”12000"  manufacturer=”Hyundai 

Motor Company”>
... 

 
Figure 7. Information content and symbol instantiated tables (The authors) 

 
 Interface is an element related to the exchanged information. Suppose two interfaces, 
IN101 and IN102 presented in the tables of Figure. 8. Generally speaking, the actions intended 
to establish the interoperation between two software systems are related to the mapping of 
elements and their attributes (see Interface Specification table in Figure. 8). Such actions are 
developed by using APIs, web services, databases links, etc., which implies an agreement—
implicit or explicit—between both software systems interested to interoperate. 
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Figure 8. Interface and Interface specification instantiated tables (The authors) 

 
 The context is represented as a report for collecting information about elements, attributes, 
and context rules (describing the relations between elements) in our PCS. Context is related to 
each software system; meanwhile, the common context is related to both software systems. In 
the common context, the relationships between elements from the software systems contexts 
are established by using transformation rules. Conditions are constraints for transforming and 
interpreting the exchanged information. We respectively map the representation of context and 
common context in our PCS in Figure. 9 and Figure. 10 and we show a table where such 
elements are instantiated. 

 
Figure 9. Context and Common context representation (The authors) 
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Figure 10. Common context instantiated tables (The authors) 

 
6. Discussion 
 Software interoperability characterization in terms of its essential elements lead to identify 
how such elements are related to each other when interoperability happens. These seven 
elements resulting from a process of terminology unification remain present in visual 
representations of interoperability. While at a quick glance the visual representation made 
some elements visible, a linguistic analysis is necessary to abstract elements of interoperability 
present in different points of view, focuses, and techniques. The proposed level of abstraction 
allows for understanding how different concepts in the literature can be mapped to one of the 
seven essential elements and explained as roles participating in the interoperability process. 
For these reasons, it is possible to compare the behavior of the essential elements of 
interoperability with the definition of invariant entities (i.e., entities unalterable by particular 
transformations); therefore, essential elements of interoperability remain invariant across 
different interoperability definitions despite the names used in the analyzed perspectives. 
Additionally, the proposed PCS is a result of processes made with an interoperability level-
independent view: terminology unification and mapping process for obtaining the relationships 
among interoperability essential elements. 
 In the context of software measurements, three properties of correctness are defined, such 
as: objectivity, impartiality, and sufficient precision [48]. Objectivity refers to the need for 
factual results and data, impartiality refers to the unbiased for the results, and precision refers 
to the selection of the material used as basis. Adapting the previous definition to the proposed 
visual representation, we can assess the correctness of our PCS of interoperability, thus: (i) 
objectivity is achieved by using the linguistic analysis, because such a process is applied on the 
original discourse by using linguistic rules for arriving to the results; (ii) impartiality is 
achieved from the criteria for obtaining the results, which depend on the linguistic rules rather 
than personal judgment; and (iii) sufficient precision is achieved because previous work is 
gathered looking for a variety of points of view, focuses, and techniques of interoperability, 
different visual representations of interoperability, and recognized databases as sources. 
 A classification of the available interoperability proposals of solutions is an alternative for 
informed decision making concerned to the software interoperability elements. Such 
classification also allows for understanding the problems of the specialized literature and the 
advance of solutions. For example, some software-system-oriented points of view are focused 
on characterizing aspects of capacity of components (hardware and software)—e.g., the 
standard ISO 16100 for describing the manufactured equipment profiles and the proposal for 
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characterizing interoperability in a context-aware software systems—heading towards the 
possibility of reaching a software system interoperability profile. Some information-oriented 
points of view are evolved as an indissoluble unity including syntax and semantic aspects of 
data—e.g., the model of property type and value statement. Other aspects concerning the 
definition of an exchange language some of them in widespread use—e.g., XML, JSON, 
BPMN, BPE, etc.—are masked as an information modeling decision. Something similar 
happens with the context and common context agreement which are under the notions of the 
information semantic modeling—e.g., MDA, MDE, formal ontologies, etc. Finally, interface is 
a neglected subject linked to oblique decisions as architectural models, development 
frameworks, and organizational policies, among others. 
 
7. Conclusions 
 The proposed pre-conceptual schema represents an interoperability structural view showing 
the relationships among interoperability essential elements—i.e., source software system, 
target software system, information, interface, context, language, and symbol—in a visual way. 
Such interoperability relationships are collected with a linguistic analysis of the interoperability 
corpus based on interoperability literature. The corpus is selected regardless of points of view, 
focuses, techniques, and interoperability levels. In this way, we can identify the nature of each 
essential element (represented in PCS as a structural relationship “IS”) and the role played in 
the achievement of interoperability (represented as a structural relationship “HAS”). A 
definition of the essential elements is given linking them to the interoperability explanation. In 
addition, we exemplify a practical interoperability situation selected from literature. 
Exemplification is useful for collecting features both implicitly described and explicitly 
reported. We provide tables for each interoperability essential element. Also, the 
exemplification allows for illustrating the suitability of the representation for explaining 
interoperability in terms of its essential elements. Finally, the proposed characterization is 
useful for comparing points of view and solutions of interoperability and supporting decision-
making process. 
 As future work, we suggest using our proposed representation for characterizing actual 
interoperability cases with different levels of interoperability and different levels of abstraction. 
A formalization of our representation would be useful for testing its accuracy. A deep 
categorization of the interoperability issues and solutions is needed for comparing different 
focuses, points of view, and techniques. Furthermore, a dynamic extension to the 
interoperability PCS could lead a software prototype for instantiating the interoperability 
elements from early stages of software systems and detecting weaknesses of our model. A first 
step towards a dynamic representation of interoperability in IoT, for example, it should 
introduce the use of services (offered and consumed by Things) triggered by system events. 
Finally, interoperability assessment criteria, measures, and maturity models need to be 
collected for classifying them according to the essential elements of interoperability. 
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