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Abstract: Increasing competition on markets induces a vital need for companies to improve their
efficiency and reactivity. For this, a solution is to deploy, improve and manage their processes while
paying a special attention on the abilities of the resources involved. Particularly, the interoperability of
the latter is considered in this article as a challenge conditioning the success of the deployment.
Consequently, this paper presents a mean to assess interoperability of the resources involved in a process

during all its life cycle.
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1. INTRODUCTION

The deployment of new processes in a company is a strategic
decision consisting in the addition or modification of
activities considered as required and relevant to the business
strategy. This deployment can be divided into three stages: 1)
a pre-deployment stage including planning and analysis; 2) a
stage of practical and effective implementation, and 3) a post-
deployment stage including process management and
continuous improvement. The first phase mainly aims to
determine what activities should be implemented or adapted
considering the defined but shifting strategic objectives.
Then, the second phase of practical implementation is the
most delicate stage considering all obstacles of different
nature (human, technical, organizational, etc.) to overcome.
In this paper, we assume that they are linked to difficulties of
collaboration (i.e. difficulties to be interoperable) at all levels
of the organization. Finally the third stage consists in
implementing a system in charge of managing the deployed
processes. It aims to preserve and improve the profitability of
these processes taking into account the needs of their
stakeholders. It also aims to ensure that new processes do not
endanger the stability and integrity of the organization but
conversely improve them. In this paper, we assume that some
of these management activities are not effective if the
interoperability of the organization is here again not
controlled.

Consequently, when deploying new processes in large
companies, it appears necessary to get a method to improve
interoperability. One is included in a methodological guide
for the deployment of Systems Engineering processes
detailed in (Cornu etal., 2011). This paper describes the
principles of a method we recommend to assess the
interoperability of entities i.e. resources and business
units likely to be involved in a process to deploy.

2. FRAMEWORK FOR THE ASSESSMENT

This section aims to define the framework in which the
interoperability assessment should be conducted. It describes
the types of assessments we need in the deployment of
processes and their targets.

2.1 Interoperability Assessment Matrix

Interoperability can be defined as the “ability of companies
and entities within those companies to communicate and
interact effectively” (ISO, 2010). In order to guide its
assessment, we have defined an Interoperability
Assessment Matrix (see Table 1).

Table 1. Interoperability Assessment Matrix.

Object of the assessment

interoperability of one
entity is assessed.

Intrinsic Extrinsic
interoperability interoperability
Only one entity is A couple of entities is
considered considered
The purpose here is to | The purpose here is to
evaluate the ability of evaluate the future
) Potential '.[he entity to ' interoperal?ility of the
Al . o interoperate with any couple during a
| interoperability The partner is | collaboration
§ e partner. The par .
[ iiaboration not known. The partners know each
= other but have not
.-§ started a collaboration
5 yet.
o The purpose here is to | The purpose here is to
5‘5' evaluate the effective evaluate the effective
= Effective ability of the entity to interoperability of the
.g interoperability | interoperate with a couple during their
8=l During or after | partner. The partner is | collaboration. The
gl collaboration | known but only the partners know each

other and interact.




The first dimension of this matrix concerns the object of the
assessment and is based on the distinction between intrinsic
and extrinsic interoperability proposed by (Daclin, 2007). On
one hand, “extrinsic interoperability” refers to the
characteristic of a couple of entities to efficiently collaborate
together, whereas “intrinsic interoperability” only focuses on
abilities of a single resource. The second dimension concerns
the moment of the assessment (/bid.). On one hand, if the
assessment is done before any collaboration we talk about
"potential interoperability" whereas if the assessment is done
once the collaboration has started or is complete, we talk
about "effective interoperability".

The four cells of the matrix represent possible types of
assessment. In the context of process deployment, we need
the four of them. Indeed, before the deployment, we need to
identify the current difficulties in collaborations. After the
deployment, it is relevant to perceive progress achieved.
These appraisals should be done on both single and couples
of systems. Therefore, effective extrinsic/intrinsic
interoperability assessments are required. Besides, if new
resources are considered to take part in the new process, the
deployment team needs to ensure that they have abilities to
collaborate with other resources in the frame of the given
process but also that collaborations with current and new
resources will be efficient. Therefore, potential
extrinsic/intrinsic Interoperability assessments are required.

Thus, we identified assessments types based on two of
interoperability characterizations. However some additional
questions should be answered. First, the distinction between
intrinsic and extrinsic interoperability is based on the notion
of "entities", but can we define generic types of entities to
facilitate the evaluation of their interoperability? Second, the
distinction between potential and effective interoperability is
based on the notion of collaboration. Then, considering the
categorization of entities, can we identify generic categories
of collaborations to facilitate, here again, the interoperability
appraisal? The following sub-section answers to these
questions.

2.2 Characterisation of assessment targets

To identify entities that could be involved in all
collaborations of a company, we adopted the principle of
systematism: everything can be considered as a system. We
have thus identified three kinds of systems (see Figure 1):

- Human Systems. They are constituted by a single person
or a group of people (e.g. team).
- Non-Human Systems. They are constituted by anything
that is not a human being (e.g. computer, machine, etc.).
- Heterogeneous group of systems. They are constituted by
both human and non-systems (company, department, etc.)
We have then assumed that it is easier to examine the
interoperability of each company’s elements separately and
then as a whole in order to determine the interoperability of
this company. We have thus identified the interactions shown
on Figure 1 and developed assessment methods in the context
of all these interactions but those between Heterogeneous
group of systems and Human Systems/Non-Human Systems.

Indeed, we do not think that these interactions are relevant
since they can finally be reduced to Human Systems
interactions.

Assessment
illustrated.in §3.1

: Interaction
Human System

Heterogenous group of systems

R

Interaction

Interaction
Assessment

illustrated

Interaction

Non-Human System

— |

Interaction

|

Interagtion

Fig. 1. Types of collaborating systems and interactions

This sub-section introduces a framework for interoperability
assessment. But it is "empty" and should be completed with
methodological tools providing practical means for appraisal.
They are presented in the next section.

3. PRINCIPLES AND ILLUSTRATIONS OF PROPOSED
ASSESSMENT METHOD

To assess resources during collaboration we have identified
above, existing contributions designed for appraisal can be
used. For instance:

- For potential intrinsic interoperability assessment:
(ATHENA, 2005), (Guédria et al., 2009), (Kingston et al.,
2005),(NEHTA, 2007),(Soria et al., 2009), and (Daclin,
2007).

- For potential extrinsic interoperability assessment: (Tolk
and Muguira, 2003) and (Daclin, 2007).

- For effective intrinsic interoperability assessment:
(Guédria et al., 2009), (Hamilton et al., 2002), (Kingston
etal.,, 2005), (NEHTA, 2007), (Soria etal., 2009) and
(Daclin, 2007).

- For effective extrinsic interoperability assessment: (Clark
and Jones, 1999), (Ford et al., 2007), (Hill, 2006), (IEC,
2005), (Leite, 1998), (Lavean, 1980), (C4ISR, 1998),
(Santos et al., 2008), (Stewart et al., 2004), (Tolk and
Muguira, 2003) and (Daclin, 2007).

However, to our knowledge, none of them addresses the four
cells of Table 1. In addition, the three traditional barriers to
interoperability (conceptual, organizational and technical)
(ISO, 2010) are not necessarily all taken into account. So, we
propose a new evaluation method taking into account all
these points and aiming to be directly and easily applicable in
industry. For each interaction identified on Figure 1,
interoperability assessment protocols are proposed. The
assessor picks among the nine available the one applicable
according to the type of interoperability and resource
concerned. Four of them are illustrated in the following
subsections. All defined protocols are provided with
recommendations to improve interoperability and a clear
identification of interoperability barriers they aim to remove
but they are not presented here to save space.



3.1 Assessment of components constituting organisations

This sub-section aims to illustrate how to assess systems
constituting an organisation. The protocol shown here
exemplifies the appraisal of a Non-Human System alone or in
collaboration with a Human System.

Extrinsic interoperability assessment

To assess extrinsic interoperability, a set of questions is
proposed according to the type (potential/effective) of
assessment desired. The person in charge of the assessment
starts with the first question, provides an answer, and follows
instructions provided. While he/she is invited to go to next
question, the assessment goes on. However, when a "case

Intrinsic interoperability assessment

To assess intrinsic interoperability, a set of questions is asked
according to the type (potential/effective) assessed. Unlike
the extrinsic interoperability assessment, all questions should
be answered (i.e. a "NO" does not stop the assessment) and
the sum of all "YES" gives the score. Figure 4 provides an
example for the assessment of potential interoperability of a
Non-Human System.

End" is reached, the assessment is over and the result is

provided by variable "S" (see Figure 3 for an example).

TYPE OF INTEROPERABILITY P
ASSESSED OTENTIAL
1ST SYSTEM: TARGET OF THE | SOFTWARE TEST BENCH
ASSESSMENT St ON CO, -
2ND SYSTEM: PARTNER (for /A

effective assessment only) N

ASSESSMENT ASSESSMENT SCORE

CRITERIA FOR CRITERIA FOR

POTENTIAL EFFECTIVE

INTEROPERABILITY | INTEROPERABILITY | YES NO

ABILITY TO EXCHANGE INFORMATION

Is the NHS offer means
to physically interact with
a HS?

Does/Did the NHS offer
means to physically
interact with the HS
partner?

Does all written
indications about/present
on the NHS are written in
a language
understandable by most
of potential users?

Does/Did all written
indications about/present
on the NHS are written in
a language
understandable by the
HS?

Does the NHS provide
data in a language
understandable by most
of its potential users?

Does the NHS provide
data in a language
understandable by the
HS?

Does the system has
rules for collaboration
indicating in which case
the system is authorized
to collaborate?

If legitimate, does/did the
system allow access to
the HS?

If existing, is it possible
to update rules for
collaboration?

N/A

ABILITY TO UNDERSTAND AND TO USE THE

INFORMATION EXCHANGED

Is the list of data formats
the system
"understands" available
in the company?

Does/Did the NHS
provide data in formats
understandable and
usable by the HS?

Is it possible to make the
system "learn" new data
formats?

N/A

Is a formalisation of the
data model available for
the system?

Is/Was a formalisation of
the data model available
for the system?

Is a data dictionary
available for the system?

Does/did the system
have a data dictionary
available for the NHS?

X

Is the NHS provided with
a documentation
understandable by its
potential users
describing how it works?

Is/Was the NHS is
provided with a
documentation
understandable by the
HS describing how it
works?

X

POTENTIAL

EFFECTIVE

SCORE

510

/10

TYPE OF SYSTEM 1 Mowitor simulating helmet sywbology
INTEROPERABILITY | effective
ASSESSED SYSTEM 2 Software test bench simulation computer
EXTRINSIC POTENTIAL EXTRINSIC EFFECTIVE
INTEROPERABILITY ASSESSMENT | | INTEROPERABILITY ASSESSMENT
]
Are both systems open Does/Did they have
.8 (i.e. does they make LNO End £ difficulties to physically
\&  [connections possible with S$=0 find a way to connect each
other systems)? other? p
=z T T
o YES$ NO¢
=
<
E Do the systems need a Does/Did they need a
E £ [human being to este'lbllsh LNO EEd YESH human being to esta_bllsh
4 2 |and keep a connection S=1 and keep a connection
g active? active? i p
E T T
= YESi NO¢
2| = .
CJ § For each layer of the OSI D.OfES/D.Id LY IEND
2 " |model, do the systems use End UL EIOCEEIETER
= ] ’ ~NOI e (YES— information due to
ﬁ s [same protocols and S=2 N
= q q protocols or architecture
jr} S |compatible architectures? 2 WO
3 3 problems?
< T |
YE% NO¢
s |Do the systems have the End Does/Did they have rights
S |permissions to —~NOJ s=3 IYES— conflicts (access control
O  [collaborate? etc)? g
— 1 |
1 YE% NO¢
z .
o 5 |Are both systems able to
B 2 |understand and :
E o8 |manipulate the formats of ~NO) EEd IYES— Poes/pld UL eV
5 S=4 inconsistent data formats?
8 S |the data (to be) exchanged Wo
z 8 in acceptable deadlines?
w T T
z YE% NO¢
w
3
[=] . ;
ouw| 2 |Dothe systems share a Does_/ch! they_have
O ] conflicts in their data
az| & |common data model? )
=< i
3z yes
ax T T
Zu YESL NO¢
=
(7]
E i Does some data not have
g 2 |Do the systems share the LNOI End £s- the same meaning/
=) 3 |same semantic? S=6 interpretation for both
o systems?
=
z [ [
3 L End o
:
POTENTIAL EFFECTIVE
|__Score 17 517

Fig. 2. Non-human systems effective extrinsic interoperability

assessment

Fig 3. Non-human systems (NHS) potential
interoperability assessment

intrinsic



3.2 Global assessment of organisations

This sub-section aims to illustrate principles of assessment
methods for extrinsic and intrinsic interoperability of
organisations (companies, departments, etc.) considered as a
whole.

Extrinsic effective)

assessment

(potential & interoperability

This assessment is conditioned by the type of interoperability
assessed (potential/effective) and consists in three steps. The
first one aims to calculate a score S1 according to a flow
chart illustrated on Figure 4 for an effective interoperability
assessment.

| TYPE OF INTEROPERABILITY ASSESSED | Effective |

SYSTEM 1
SYSTEM 2

AoViohIC SYSTEMS DERPARTA

SUE-CONTRACTOR "SCFTWARE SERWLE PLUS

EXTRINSIC POTENTIAL
INTEROPERABILITY ASSESSMENT ||

EXTRINSIC EFFECTIVE
INTEROPERABILITY ASSESSMENT

Start

Table 2. Formulas for heterogeneous extrinsic
interoperability assessment

POTENTIAL
Zi:llzn( I’ (C))
Tii " (Max(Ig” (C))

EFFECTIVE
Zi:llzn( IE°(Cy))
Tiy " (Max(Ie° (C))

FORMULA SCORE S2
MAXIMAL SCORE S2

With:
- n = number of collaborating couple of resources belonging

to the two organisations

- C;= couple #i

- I" (C;) = Result of the extrinsic potential interoperability
assessment of the couple C;

- It (C)) = Result of the extrinsic effective interoperability
assessment of the couple C;

Do tha groups of systems
have defined and
formalized tha tasks to
realize (wark packages)?

- \(Esf -
Y

End 2 systems have defined and
o MO~ o rmalizad the tasks 1o

De/Did the groups of

realize (work packages)?

Do/Did the groups of

Intrinsic
assessment

(potential &  effective) interoperability

Just like extrinsic assessment, the type of interoperability
(potential/effective) conditions the appraisal consisting in
three steps. The first one calculates a score S1 according to
results of questions addressing the organisation assessed from
a global point of view. This step is illustrated in Figure 5
using the same example as for extrinsic interoperability
assessment.

SCORE

Do'the graup;of syslame End systems agree on tha

agree on the allocation of MO O a?;nr.atian Ef ik

tasks belwaen them? %
betwaan mem'irES

YES YES

v v
Do the groups of systems ED'FIEI::B_ ELG:.JF:S 0{ d
have formalised which of End BYS1AMNG T 1O 2k
TR MO S1=2 O={which of thair resources
o will collaborate and with

collaborate and with whao? wha? YE.S
I—-VES YES—‘

POTENTIAL
I INTERMEDIATE SCORE S1 E

EFFECTIVE
=13

Fig. 4. First step of the effective extrinsic interoperability
assessment of heterogeneous group of systems

Then, the score S1 must be improved until it reaches 3, i.e.
until all couples of systems having to collaborate have been
identified. Then extrinsic interoperability score of each
couple identified should be assessed with methods presented
in Sub-section 3.1.

Finally, the last step is performed: the calculus of the final
score S2 according to Table 2. For our example, if three
couples have been identified and got the following results:

I£° (C)=5/7, Ig° (C,)=4/8, and I° (C3)=1/5; then final result is
S2 = 5/7+4/8+1/5 = 1,4143.

ASSESSMENT CRITERIA INTEROP.
FOR POTENTIAL BARRIERS)
INTEROPERABILITY YES NO |CONCERNED
Does the group of systems Organisational
has an up-to-date reliable
formalisation of its
processes?
Does the group of systems Organisational
has an up-to-date reliable
formalisation of its
resources (skills, etc.)?
ASSESSMENT CRITERIA SCORE INTEROP.
FOR EFFECTIVE BARRIERS)
INTEROPERABILITY YES NO |CONCERNED

Does/Did the group of
systems not have difficulties
to identify tasks it can
perform?

X

Organisational

Does/Did the group of
systems not have difficulties
to identify resources to get
involved in collaborations?

X

Organisational

POTENTIAL

EFFECTIVE

SCORE S1

12

012

Fig. 5. First step of effective intrinsic interoperability
assessment of heterogeneous group of systems



Then, individual assessment of resources should be
conducted. For potential interoperability, by default, all the
resources of the group of systems are assessed except if a
smaller assessment boundary can be defined. For effective
interoperability, only resources involved in collaborations are
assessed. If a resource is involved in different collaborations,
extrinsic interoperability assessment must be done for each
collaboration defined.

Finally, total score should be calculated according to Table 3.
Considering our example, if results for the six resources
identified are: I (R))=2/7, I (R,)=4/8, I (Ry)=1/5, If
(Ry)=5/5, I (R5)=4/5, I;° (R¢)=1/5; then final score is:

S2=2/7+4/8 +1/5+5/5+4/5+1/5=2,9857.

Table 3. Formula for heterogeneous intrinsic
interoperability assessment

POTENTIAL EFFECTIVE
FORMULA SCORE S2 ST (IP(RY)) T (IS (Ry)
MAXIMAL SCORE S2 | 2., "™ ( Max(IF (R;) )) [Zie, ™ ( Max(If (R;) ))

With:

- n=number of resources to assess

- Ry=resource #i
I” (R))= Result of the intrinsic potential interoperability
assessment of the resource R;
I° (R))= Result of the intrinsic effective interoperability
assessment of the resource R;

Thus, this section has illustrated the different methods we
propose to evaluate interoperability in an industrial context.
However, these methods handle a lot of concepts and it seems
relevant to define them formally to facilitate and restrict their
application. For this, a meta-model presented in next section
is proposed.

4. META-MODEL OF INTEROPERABILITY
ASSESSMENT METHOD

During the deployment of a process, lots of people may have
to manage interoperability assessment activities for each
resource involved or potentially involved in the concerned
process. Therefore, everything must be done to help them
understand each other to limit misunderstanding and thus
conflicts. To that end, a meta-model is proposed (see Figure
6). Its purpose is to define all concepts and relations between
them that are used during the assessment but also during
result analyses. For each concept and each relation, a
definition in natural language is provided to guide the
assessor. The guiding approach and the details of this meta-
model are not presented in this article.

Resource Organisation Entity

D)

is structured it

Organisational unit

%

Department Team

can be conjsidered as

Information

Ability

==

Interoperability barrier

prevents
is a charagteristic of

Interoperability

Heterogeneous group of sy

change

B

|

Non-Human System

is execlited oh

Intrinsic interoperability Human System | |

is a characteristic of

q Couple of System -
sider 1

Extrinsic interoperability

T

Potential Interoperability indolves
d before
L_| Effective Interoperability
is execlited on
Collaboration

is assessed during/after

Interoperability A

1t Method

[

Assessment Criterion |provides| Partial Assessment Result

‘ aims to jmprove

Interoperability assessment matrix Assessment Score

Recommandation

Fig. 6. Simplified meta-model of the interoperability method

5. CONCLUSION

Interoperability is a condition of success for process
deployment in companies. It should be assessed all along
deployment stages. To that end, this paper presents the
principles of a method to assess interoperability of resources
involved or potentially involved in processes. It can be
applied on single or couples of resources and is applicable
not only once the collaboration has started but also before a
collaboration to anticipate future difficulties.



This assessment method is useful before and after the

pragmatic deployment.

On one hand, during the preparation of the deployment we
may use it for three kinds of application. Firstly it can be used
as a camera that enables taking an initial picture of the entity
in preparation for deployment efficiency assessment. Besides
it enables highlighting interoperability problems to find clues
about where new processes should provide improvements.
Secondly, this method can be used as a guide for resource
allocation. Indeed, it is a mean to choose between two
apparently equivalent resources and it enables checking if
resources we plan to allocate to the new processes are able to
work together. Thirdly, it can be used as a guide to improve
interoperability abilities of resources or entities before the
deployment to maximize its chances of success.

On the other hand, the interoperability assessment method
can be a real advantage once processes have been deployed
and are operational. Indeed, it can be used as a verification
tool that enables not only checking that resources we have
planed to work together do not experiment interoperability
problems but also that the deployment has improved the
global performance of the organisation concerned. Moreover,
it can also be used as a guide to improve the interoperability
of entities and resources within those entities.

From a semantic point of view, this method is based on a
meta-model enabling a shared understanding between all
people concerned with the interoperability assessment. Its
strength is its design made by and for industrials, and thus
thought to be easily and directly applicable in industry with
the possibility to get easily automated. This method is
currently tested within a helicopter manufacturer for the
deployment of Systems Engineering processes. The next step
in this research work is to automate this method and to couple
it with process modelling activities.
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