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Abstract. In the context of development and evolution of hetergeneous industrial
systems, the quality of interoperability among manufacturing software units is a
major concern. Qualitative characteriscs of the interoperability such as reliability,
functionality, performance, and security are necessary for the assurance of high
quality of the developed manufacturing applications. The implemented
interoperability among various software units of manufacturing applications often
have various quality criteria. Therefore, an adequate qualitative modeling is
required to satisfy the qualitative evaluation of the interoperability. This paper
presents the use of quality model developed in respect of quality standard ISO
25000 series as a means to permit the comprehensive evaluation of interoperability
of the applications developed regarding the ISO 16100 standard series.

Keywords: Manufacturing Software Units, Quality of Interoperability, ISO 25000
series, Quality Model, ISO 16100 series.

1.1 Introduction

The functional and qualitative characteristics of interoperability cover a wide range
of possible capabilities according to the considered types of system, their
description level, and their organizations. In the manufacturing domain, along
with the evolution of software applications in various activities domains, the
interoperability has become a major critical aspect influencing the quality of
working systems. Various definitions have been proposed for the interoperability,
as illustration, Kurt Kosanke cited 22 different definitions extracted from the
literature on the topic [1]. For its specified domain, an important work has been
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realized by the US DoD to propose a schema called LISI (Levels of Information
Systems Interoperability) [2] where the interoperability was defined as "The ability
of systems, units or forces to provide services and accept services from other
systems". The IEEE definition designates the interoperability as the "ability of two
or more systems or components to exchange information and to use the exchanged
information".

The present work considers mainly the manufacturing applications for which
the constituting manufacturing software units may require interoperability facilities
among units for the application development and use. More precisely, the
interoperability mechanisms such as data exchange, messages communication,
services calls, etc. may need to focus on the quality of interoperability and its
functioning between concerned manufacturing application units.

The interoperability multiplicity of levels inevitably encourages the
standardization activities [3]. Effectively, the governing bodies have always
encouraged and supported the standardization to insure an integration of multiple
heterogeneous systems to operate as a coherent whole.

In this paper, we focus on the standards, dedicated to interoperability of
manufacturing software units and the standards that can be used for the qualitative
evaluation. The major goal is to use adequate recognized standards to examine the
proposed practices for system integration through interoperability and to evaluate
its quality using ISO recommended practices. Primarily, our work considers the
ISO 16100 series standard [4] to propose an approach and reference model to
assure better qualitative level of interoperability solutions to reach better
integration of manufacturing systems. The present work considers the association
of these applications with the qualitative characteristics of the ISO/IEC 25000
standard [5] providing one of the most exhaustive models for software quality
characteristics. The major goal remains to enhance the competency of application
designer using the ISO 16100 series approach while considering the quality of
interoperability of working application software units.

The rest of the paper is organized as follows: the section 2 is dedicated to
describe the ISO 16100 series. The corresponding approach advocates the use of
standardized manufacturing software units to build integrated manufacturing
applications. The section 3 presents the ISO/IEC 25000 series software quality
standards. In section 4, we briefly show how to associate, the quality
characteristics as designed in reference to ISO/IEC 25000, with the manufacturing
software units developed according to the ISO 16100. The section 5, describes the
prototype scheme of the proposed approach where the implementation is based on
the linked data and ontologies. The conclusion is given in section 6.

1.2 The interoperability of manufacturing applications: approach as per ISO
16100 standard

The ISO 16100 standard series defined an approach to insure the interoperability of
software applications that can be used in manufacturing domain. The central
element of this approach consists of the implementation of a repository or
distributed catalogue of software units called MSUs (Manufacturing Software



Qualitative Evaluation of MSUs Interoperability using ISO 25000 Quality Model 3

Units). The MSUs are used by the vendors and the application developers of the
manufacturing systems to construct their applications. These MSUs are indexed by
profiles so that they could be located according to a search criteria. These criteria
describes the functionalities assured by the MSUs and other quality criteria such as
reliability, performance, etc. Obviously, the MSUs are distributed on multiple
vendors that can be geographically apart. It is therefore necessary to adopt a
standardized vocabulary to elaborate the indexation profiles of these MSUs. In this
regard, the ISO 16100 standard adopts the following approach:

* Define a data dictionary, called MDD (Model Data Definition), which can
be considered as an ontology regrouping the most significant elements of a
given domain. These elements represent the processes, activities, and the
resources that can be used in a given domain.

* Elaborate the taxonomy of the regrouped capability elements in a
hierarchical structure of capability classes. A capability class encapsulates
actvities or functions i.e. “elaborate a fabrication sequence” to be
performed. It must also take into account certain qualitative criteria such
as response time, optimal use of resource use, etc. to be assured. In its
definition the capability class is linked to the MDD elements.

The profile of a software unit in this regard is an instantiation of one or more
capabilities classes, which might be serialized in XML format, etc. A more detailed
description of ISO 16100 can be found in [6].

Table 1.1. Structure of a “Software Unit Profile”.

Common Part
Template ID
Capability Class Name and Reference CCS
Software Unit ID
Vendor Name
Version Number & History
Computing Facilities Required
Processor
OperatingSystem&Options
Language
RuntimeMemory
DiskSpace
MultiUserSupport
RemoteAccess
AddOns&Plugins
Measured Performance of the Unit
ElapsedTime
NumberOfTransactionsPerUnitTime
Reliability Data of the Unit
UsageHistory
Support Policy
Price Data
Capability Class Reference Dictionary Name
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Number Of Profile Attributes
Specific Part for Capability Class
Reference MDM Name
MDD Description Format
MDD Description
Set Of MDD Objects
List Of MDD Objects
Time Ordered MDD Objects
Event Ordered MDD Objects
Interoperability MDD Objects
List Of Capability Class Attributes
List Of Capability Class Methods
List Of Capability Class Resources

The Table 1.1 shows the structure of a profile in terms of capabilities. This
structure represents a template that a profile may instantiate with the associated
values of each element. Different elements involved in a profile describe also the
MSU identification, used language, and its vendor, etc. The various profile
indications on MSU structure and some quality criteria are related to capability
classes that are implemented by the MSU along with its associated constraints. We
can also remark that the quality characteristics in regard to the interoperability
(intrinsic to the MSU) can only be invoked across a list of objects or entities of the
MDD. We can assume that such objects may represent a software artifact like a
data bus, a database connection, or a web service, etc. For instance, it is difficult to
establish the associated quality of interoperability not only within a software unit,
but also in the constituted application. In the following section, we present our
approach that emphasizes the use of quality standard ISO 25000 to elaborate the
guidelines for the evaluation of interoperability of MSUs developed according to
the ISO 16100 series.

1.3 Adaptation of ISO 25000 Quality Model for Interoperability Validation of
MSUs

The interoperability validation process requires to examine the correspondance
between the specified qualitative requirements of interoperability between MSUs
and its relevant implementation.

A major aim of our work is to provide guidelines and to illustrate the series of
ISO 25000 quality standards addressing all aspects related to: Quality requirements
specification, Quality model, Product Quality, Quality evaluation, and Quality
measurement. For each quality aspect, a set of ISO standards has been elaborated
where a set of standards constitutes a “Division” aiming at a specific aspect related
to system or software quality [5].
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The ISO 25000 series of standards have been supported with the framework,
SQuaRE (Software product Quality Requirements and Evaluation). The objective
of SQuaRE is to help the practice of main concepts and models provided by ISO
25000. SQuaRE is composed of five divisions intended to cover the wide range of
aspects related to System and Software Quality Specification, as well as its
modeling, assessment, and measurement (Fig. 1.1).

ISO/IEC 2503n: ISO/IEC 2501n: Quality Model Division

Quality | 25010: System and software quality models l
Requirement

Division [ 25012: Data Quality Model |

[ 2501n: IT Service Quality Model |

25030:
Quality ISO/IEC 2500n:
Product Quality General Division

Requirements

‘ 25000: Guide to SQuaRE ‘

ISONEC 2502n: ISO/IEC 2504n:
Quality Measurement Division

Quality Evaluation Division

25040:
Quality Evaluation
Process

l 25020: Measurement Reference Model

‘ 25021: Quality Measure Elements

25041: Evaluation Guide for
Developers, Acquirers and
Independent Evaluators

l 25023: Measurement of Sys & SWP Quality

‘ 25022: Measurement of Quality in Use ‘
|
|

[ 25024: Measurement of Data Quality

Fig. 1.1. Global Architecture of ISO 25000 SQuaRE

The ISO norms of SQuaRE make distinction between three major types of
quality (as shown in Fig. 1.2) reflecting the perception of the quality by the
developers and users. The major quality types are the quality in use, the external
quality, and the internal quality. SQuaRE proposes to examine the conformity of
the each quality type between expected specified quality of system or software and
the effective quality of implemented system or software, in order to validate the
developed interoperability of manufacturing application. At each hierarchical
quality level a quality model is built in terms of quality characteristics, sub-
characteristics, and properties.

For this goal, ISO/IEC 25010 proposes a generic quality model along with the
corresponding characteristics and sub-characteristics for the concerned major
quality levels i.e. internal quality, external quality, and quality in use. These quality
models are to be instantiated and adapted in respect to the interoperability of the
MSUs of the manufacturing application under consideration. The generic quality
model, to be instantiated, proposes six characteristics and 27 sub-characteristics.
These indicate the links of dependency between each individual characteristic and
the corresponding sub-characteristics. The six major quality characteristics are
adapted to interoperability, as shown in Table 1.2. SQuaRE proposes the breaking-
down of the characteristics into sub-characteristics, which is adapted to the
interoperability quality, as stated below:

The quality engineer of the current application defines each individual sub-
characteristic. It specifies its contextual meaning and the way to assess the extent
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to which each characteristic is met. Moreover, in a given application, sub-
characteristics may have different priorities. The priority of each individual sub-
characteristic depends on the hierarchical scale established between sub-
characteristics according to the specific functional and qualitative priorities of the
current manufacturing application.

Table 1.2 Characteristics and Sub-Characteristics of SQuaRE schema adopted

for the quality of interoperability between MSUs.

Quality Description Quality Sub-
Characteristics Characteristics of
of MSU MSUs
interoperability Interoperability

The capability of the MSUs to Suitability
Functionality provide functions and interoperability | Accuracy

which meet stated and implied needs | Security

when the MSUs are used under

specified conditions.

The capability of the MSUs to Testability
Reliability provide functions and interoperability | Fault Tolerance

which meet stated and implied needs | Recoverability

when the MSUs are used under

specified conditions.

The capability of the MSUs Understandability
Usability interoperability to be understood, Learnability

used, and appreciated by the Testability

developer.

The capability of the MSUs Time Behavior
Efficiency interoperability to provide the Resource

required performance relative to the | Utilization

amount of resources used, under

stated conditions.

The capability of the MSUs Adaptability

interoperability to be modified. Analyzability
Maintainability Changeability

Testability

The capability of the MSUs Adaptability
Portability interoperability to maintain its Installability

behavior when hosted on a different Replaceability

hosting environment.

To each individual sub-characteristic the quality engineer adapts a set of
metrics addressed to quantitatively assess the extent to which a sub-characteristic is
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met in reference to the expected values decided at the phase of qualitative
requirements specifications.

The Interoperability quality evaluation is based on the three quality tree-like
hierarchical structure instantiated by the quality engineer for the quality in use,
external quality, and internal quality. Fig. 1.2 shows the procession of the
interoperability validation as indicated by SQuaRE schema.

Interoperability of
Manufacturing
Software Units

Quality
In Use
Measures

Interoperability
Quality in Use

indicates

I:l I:l Evaluating >

External
Quality

Measures

Internal

Quality

Measures

Evaluating

00

Evaluating

00

—

Interoperability
External Quality

indicates

Interoperability
Internal Quality

Fig 1.2. Evaluation of interoperability quality

For the selection of measures for the characteristics of interoperability, the
Quality Measurement Division defined in ISO/IEC 25020 covers the mathematical
definitions and guidelines for practical measurements of internal quality, external
quality, and quality in use. In addition, it includes the definitions for the basic
primitive measurements, and is able to formulate the all possible measures. By
applying the guidelines of Quality Measurement Division, a set of basic and
derived measures is to be defined to select metrics for evaluation of the internal
quality, external quality, and the quality in use.

1.4 Classification of quality evaluation metrics

We propose to adapt a layered model [7] for the qualitative evaluation of
interoperability of MSUs. As shown in Fig. 1.3, it is comprised of a core and two
layers. The core is called Basic Metrics Set (BMS). BMS is composed of elements
where each basic metric can not be calculated using other defined metrics. Each
metric examines the extent to which a quality characteristic (or sub-characteristic)
of interoperability is reached. It can be observed that the base metrics are
insufficient for evaluating diverse interoperability qualities. Two layers of metrics
can be used to serve the purpose: the set of Widely-Used Metrics (WUM) and the
set of User-Defined Metrics (UDM). The WUM is comprised of the proposed
metrics in the literature and widely used in the industry. An element of WUM is a
function parameter of either one or more MSUs for interoperability evaluation, or
one or more metrics belongning to the set BMS.
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The Table 1.3 summarizes basic metrics frequently used to measure software
systems interoperability. Similarly, examples of mostly used metrics and user
defined metrics are listed in Table 1.3.

- User }J;f;;ed Metrics
(UDM),..o=""" i
Widely Used Metrics e, ’ N

; Basic Metrics Set y
\ /
. (BMS) A
N

BMS = {M;, M,, ... M,}
WUM= {F,, Fy, ... F .}

Fi = f(Cf, My, My;, ... M)
M;EBMS

UDM= {G,,G,, ... Gp}
G; = gi{(Cgs Yii» Y2i> -+ Yui)
y;; € BMS U WUM

Fig 1.3. Classification of Interoperability quality metrics

Table 1.3. Some Basic Metrics (BMS)
Metric Semantic Formula
The number of input data
elements of MSU; (the ith
MSU of the current
application).
The number of output
data elements of MSU..
The number of ports of
MSU _PORT IN message reception of FUN_PORT_IN(MSUj)
MSU..
The number of ports of
MSU_PORT _OUT message sending of the

FUN_INDE FUN_INDE(MSU;)

FUN_OUTDE FUN_OUTDE(MSU))

MSU_PORT OUT

MSU.. (MSU»
Lowest number of

NB_MinR_MSU messages to be received | NB_MinR_MSUMSU;)
by an MSU;.
Number of XML files

MSU XMLR read by an MSU. MSU_XMLR(MSU))
Number of XML files

MSU XMLW written by an MSU,, MSU_XMLW(MSU))

1.5 Prototyping Issues

In order to validate the proposed approach of evaluating the qualitative
characteristics of MSU interoperability, a prototype tool is under development to
validate the proposed approach based on ISO 16100 and further extended in
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reference to ISO 25000 model. The general architecture of the framework and its
components are described in Fig. 1.4. The architecture represents the modeling of
interoperability quality. The implementation strategy considers that the vendors of
MSUs publish their profile on Internet in form of linked data. It allows the
construction of a large collection of MSUs, which can be accessed via the semantic
web tools, such as the SPARQL queries[8]. The adapted implementation approach
considers mainly two constituents:

* A knowledge base which is composed of two major parts:

(1) A database of linked data which is a distributed collection of RDF
(Resource Data Framework) [9] files, representing the template classes of
capability, their instances, which in fact are the profiles of MSU and the inter-
linking qualitative characteristics.

(2) A set of three ontologies, specified by the OWL (Web Ontology Language)
[10] and which explicitly describe the semantics of each capability class, the
Model Data Dictionary (MDD) and the modeling of the interoperability
quality. Indeed, the profile templates are the RDF files, where the elements or
tags have the semantics defined by the ontologies of capability classes. These
are referred to the entities defined by the MDD. Similarly, the semantics of the
qualitative characteristics are defined by ontologies of quality.

The Interoperability \
Model Data °
(r — ] r Quality Model
Capability Classes.
Ontology

references
sssss ticAnpotation
SPARQL
(Query manipulate
Language) /_%

apability templates & uality Characteristics
MSU profiles & measures values

Profiles &

Capability

Templates
Manipulation tool

uoneloouyanlewas

[Profiles Query Tooll

]F associatedTo l
\ j <<RDF Linked Data>>
Knowledge Base j

Fig. 1.4. Global Architecture of the Framework

* Profiles and templates which allow the manipulation (creation,
modification, and deletion) of the profiles and templates, along with a tool
to search the MSU profiles. These two tools use the SPARQL language to
query the RDF files and OWL. We also use Gravity' that allows a
graphical exploitation of the linked data, in graph-oriented forms.

The MSUs vendor may use a profile or template manipulation tool to find the

best template instance, in order to create a profile for its MSU. In case if the

1http://semweb.salzburgresearch.at/apps/rdf-gravity/
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template exists already, the vendor may proceed to instantiate it with the provision
of respective specific data.

1.6 Conclusion and Perspectives

For an adequate modeling of the qualitative evaluation of the interoperability
among the Software Units of a manufacturing application, we adapted and used a
quality model developed in respect of quality standard ISO 25000 series. The used
model is exhaustive, therefore, it requires a good experience in software quality
evaluation. The proposed use of metrics examine the extent of each interoperability
characteristic or sub charcateristic. Metrics are structured into layers for better
traceability of adapted quality measurements. The work aims at permetting the
developers to search the MSUs based not only on the functional capabilities
characteristics but also on qualitative estimation of MSU interoperability
characteristics. The proposed work is directly related to the activities of ISO-TC
184/SC 5/WG4 aiming at the development of ISO 16300 series with the
perspective of integrating the work on Data Quality in ISO 8000, elaborated by
ISO-TC 184/SC4.
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