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Abstract: the aim of this paper is to describe and illustraa collaborative process model verification apub. This
approach allows the coherence of a given collabggaprocess involving numerous resources, activiaesl flows to be
analyzed in a mission for which there are commorahjes to achieve. It also enables the potenffakts of this process
to be to detected, characterized, and formalizedsto identify the effects on the mission to lezwed, on the length of
the process and its effectiveness prior to the i@t phase. This approach is based on severakjpies formulated by
systemic, enterprise modeling, and model-basea@mysngineering which are formalized. The correspopdiamework
and support tool is then presented. Finally, therall approach is illustrated on the basis of asisimanagement process.

Keywords: Collaborative process modeling, Collaborative pregengineering, Verification, Validation, ProperBgrmal
approach

1. Introduction

The actors involved in various collaborative pr@essaim to design a product or a service, to manage
production operations, and to support crisis mameage systems ((Couget et al. 2005%;). These actors come
from different organizations, and must interacicéghtly with others based on trust. In this pra;dhey have to
share data, knowledge, best practices, resounsésskdlls with confidence. However, at same tinheythave to
be sure of the relevance and quality of their raled actions throughout the collaborative processyder to
achieve the expected result( the desired effects of the process). Typicallyjrtlhetions have to first be
coordinated and synchronized. Second, even if thim mhesired outcomes of these actions are achieozde
others results (unpredictable and sometimes uradgs)rdue to interactions, how the environment geapand
other causemay be induced and lead to a worsening of thetsitua

The goal of this paper is to present and illusteateAnticipative Effects-Driven Approach (AEDA) alling the
potential effects of a given collaborative proctsde detected, prior to the execution phase, deroto make
this process more robust. This method is basedformal verification approach applied to collaboratprocess
models. It aims to achieve two objectives: on the dand, to verify the overall consistency of thecpss
(capacity, aptitude of actors involved in the commmaission, fulfillment of objectives, and triggegicondition

of activities); on the other hand, to characteanel describe some potential (direct or indirect@a$ of the
collaborative process on its environment and ressurTo perform this second step, the effects riwat be
dreaded in these processes must be (1) formalideckassified, and (2) mechanisms must be acquioed f
detecting, qualifying, and quantifying them. Thtlsee approach we propose deals with principles andfppof
property mechanisms that translate consistencyinmgants and allow expected or dreaded effectseto b
characterized.

This paper is organized as follow. After this briiefroduction, the issues addressed and needseargilded in
the second section. Section 3 presents a statleeort concerning the different concepts used taigethe
proposed AEDA approach. The fourth section intr@due thread example used to illustrate the vagounsepts
in the approach and their relationships. The fgtion presents the conclusion, and the futurspeetives for
this research.

2. Problematic and needs

Models {.e., abstractions of the real world) are built and ugedughout all the life cycles of systems, froraith
engineering (often re-engineering) to their disriagt and including their exploitation. According the
hypothesis of Model-Based Systems Engineering (MBE&Sstefan, 2007), such models are essential temet
understanding and communicating facts to othewyaimg behavior, arguing, and evaluating altenesirelated
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to the system under study. This paper will inifidbcus on the engineering phase of collaboratioegsses. A
collaborative process involves several partnersmfdifferent businesses or related businesses, thihr
resources and their own objectives to achieve. & pastners have to work together on short-, mediomlong
term-based collaborations while continuing theimomission, within a given finality. In fact, a callorative
process has a strategic significance for the pesrtmaolved. For instance, a company can be inwblvea
product design process and take part in varioutalmmlative activities that are reliable and ecoruahy
interesting, but where there are still risks inealy

In the same manner, a common objective can indoce slisquiet and side effects that are difficulagsess at
the beginning of the collaboration. For instancguké 1 illustrates this problematic within a crisianagement
process, in which various actors have to perfortiviies with some potential effects on how thesiiwill
evolve, on the environment, and also on the othenpr’s tasks.

Plisin charge ofactivityl in the CP

1

Has direct or|
indirect, desired o
undesired effects on hlow the | P2
crisisevolves ,on 1
other partnersor on |
the crisis |

k--""

- CP is the crisis management collaborativeprocess (pre-defined or updated
accordingto how the  crisis evolves)

- Piis a partnerinvolved in the CP whohas to perform various activities according
to his or her skills competencies means and  resources

Figure 1. lllustration of a crisis management duodlia@tive process

Each partner has to be able to analyze his ordier position, behavior, and the possible risk¢ t@m occur
throughout the life cycle process and before thiectfreness of the collaboration. In other worde effects
(expected or not) brought about by their very ineohent in the process considered can not only eceged
with performance objectives in terms of costs, tlana and quality of service/produdte., adequacy between
product/service, partners’ needs and customer déshamhe understanding, definition, robustness wherd
with undesirable events, management, and contraobfborative processes have become crucial issuas
globalized environment, characterized by an impesnamarket and fierce competition.

In this way, numerous initiatives (INTEROP, 2003 AENA, 2003) developed over the past years, ané hav
do with interaction between partners, have showh plartners’ ability to be interoperable is a kagtor for the
success of their partnership. Moreover, long carsid to be only an issue for computer science (|EERR0),
these initiatives have demonstrated that the cdrafegnterprise interoperability is now considetede crucial
(ECR, 2008), and is relevant for developing redearea (EIRR, 2006), and can take place at diffdesels in
an organization (Cheet al, 2007) €.g.business, process, or service). In the limitetchéwaork of collaborative
processes, partners are interoperable if theyldeeta share data, services, skills, resourcesderao fulfill a
common mission. Thus developing their interopeigbibilities and capacities allows them to ensthe
success of the whole process, and therefore toremsgiven level of performance, efficiency, redttj and
agility in this process. However, this process loaraffected by a lack of interoperability betweantpers during
the process runtime. Likewise, allowing them to \knive potential effects of their collaboration prio the
execution phase could help (1) partners to antieiggorer than expected results in terms of achipthe
process objectives, and thus (2) to adapt the psoae much as possible. In this case it is aboamdtyze each
effect that a partner can induce on the process.

We see that collaborative process engineering sedan reflection, modeling, and analysis. Variowsleling
languages and tools can be used to model expaewati@r the purposes of analysis, some of theds tam
provide - in some cases and under various hypatheseerification mechanismse.g., checking model
coherence), validation mechanisngsg(, simulation or model expertise regarding the commussion), and
evaluation and optimization rules used before ttacgss is executed. All of these activities helpnicrease
partners’ confidence in each other, highlight pbé&éndeficiencies, dispel doubts, and find potdntia
improvements. Thus, these tools make techniquesablea that are more or less formal, from expertise
simulation, less frequently to formal techniques.



The AEDA approach has to provide:

— A set for modeling means.€., a set of concepts, relations, and rules for nmindehe process, the
different configurations and characteristics of amstors involved, the potential effects, and the
environment in which this collaborative processtaglace.

— A set of reasoning mechanisms for checking theipleseffects induced by each action that partners
may execute during the process.

— A set of improvement rules for guiding partnersasoto improve their interoperability and reduce the
causes of the effects detected. This set is naritbesl in detail in this article.

3. Stateof theart and discussion

Detecting and analyzing the effects that can beigdad by a collaborative process presupposes timatdel of
this process exists. A process model provides eeseptation of the different actions, resourcestrots, and
other knowledge, such as the objectives and misaloout how actors are involved in a partnershigaddition,

it allows its effects to be highlighted and chaggized so as to ensure that it can be improvedt Biggroaches
dedicated to the study of processes are based delimg techniques used to analyze and design sgsgem,
ICT systems, and industrial systems). The firstaesh on processes was undertaken at the end d9#tEs in
the form of SADT (Structured Analysis and Desigrcim@ques (Ross, 1977)). They highlight the necgssdit
using graphic language to build and validate syste@ther similar approaches were then developeithén
1980’s, such as the IDEF — standing for the IntegkaComputer Aided Manufacturing DEFinition method
(ICAM, 1981). More recent approaches, such as tR&B (Business Process Modeling Language, mainly
deployed in the ICT field, allow all business user$1l) model a process, (2) implement technoldgy perform

a process, and (3) manage and monitor a proces&(QRD9).

In a similar domain, related to the sharing and uhderstanding of process models and process iat@m
methods such as Process Specification Language) (PSQ 18629, 2004) and POP* (Process Organization
Product) (ATHENA, 2005) have been developed. Thedn® develop this kind of approach stems from the
globalized environment in which enterprises arenddiusiness today. Indeed, they must increasirglyestheir
enterprise models to organize, manage their relstips, and ultimately, make successful partnesstsL is
an interchange format designed to help exchangeepsoinformation automatically across a wide raofje
manufacturing applications, such as process diefimipprocess planning and scheduling, and simulaibmls.
POP*is a neutral meta-model for mapping (both sdimamd syntactic) between different modeling leaggs.
POP* addresses mainly process model mapping, lmaitalso be used for other mapping, such as dadielm
mapping.

All these approaches are dedicated to the develalpofigorocesses, either with the intention of modgea given
process in a given context, or with the intentidnimoproving the understanding and sharing of infation
embedded in a process. Basically, process modklivguages are used to model a sequence of adtifitim
the beginning to the end. Depending on the languhgewill include more or less concepésd.,resources and
control in SADT, message flows, pools in BPMN). Hwer, they do not fully consider attributes that
characterize and define the elements involved fimogess. As a consequence, it is necessary to alttovs to
gather a maximum amount of knowledge about elem&wisinstance, the time space and shape (TSSgfedm
reference (Le Moigne, 1977) can allow this knowkedg be collected for any element involved in thecpss.
Indeed, by adapting this frame, it is possibledsifion an activity, resource, control, or any etekement in this
frame (TSS). Moreover, this knowledge, representethe form of attributes that characterize themalst
considered, can be independent of any domain dfcagipn (e.g.,resource capacity, availability, pre-emption
(Vernadat, 1996)), or specific to a given domarg(,an activity can require a certain level of protactfor its
resources in a crisis context). It is on the basihis enrichment, in terms of attributes, thatsening about the
possible effects can be achieved.

The anticipative effects-driven approach we progesmmplementary to the other analysis approadtemain
interest lies in its capacity to model, analyze assess, and characterize the effects that oceucdtiaborative
process. Thus, in terms of approaches that focuheassessment of the effects that a given sysa@mproduce
before its implementation, Failure Mode and Effeétsalysis (IEC 60812, 2006) is certainly the most
widespread and commonly used method. Based ornudtsess, some extensions to this method have been
developed since its creation. In this way, the PssedFMEA (also named P-FMEA) helps to identify é¢fiects
that a process can have on a product. This apprestelblishes a set of potential failure modes dfetts of
failure that can occur throughout the process mumtin order to take corrective action - before pinecess
implementation- and to eliminate potential failurBsFMEA is commonly used in manufacturing processed

is based on a brainstorming procedure applied diragya process has to be implemented.

Other approaches, such as the Effects-Based Omertiteory (Lowe et al., 2004; Smith, 2002) congist
characterizing and evaluating the potential effedtsictions, which are supposed to lead to a findatome.
Although the EBO construct concerns the charaaton of effects, contrary to FMEA, it is not baseu the



search for the potential effects that can be géeeétay actions involved in a process. It focusethersearch for
outcomes that actions have to achieve in a givecgss. EBO theory offers (Batschelet, 2002) a cetapl
methodology from the knowledge phase to the assagsphaseyia a planning and an execution phase, to
observe and analyze the effects resulting fromesteeution of a process. It is worth noting thatéffects based
operation approach comes from and was developadniititary context.

Both approaches presented above, are interestedétarmining the effects that can be produced biprst
involved in a process. Despite the fact that thégrass this problem from two different points oéwi— P-
FMEA establishes potential effects before execytammd EBO analyzes effects right after executiotheir
common goal is to improve processes involving maagvities. Nevertheless, these approaches ladiainer
elements, which are taken into consideration by anticipative effects-driven approach. First, nanfal
methods are proposed and implemented to detecteffeg., P-FMEA is based on a brainstorming procedure,
EBO on evaluation by means of an assessment phHse)deficiency can lead to the oversight of ptitdn
effects, and a poor evaluation of them. In thisecdke interest of formal techniques, such as icatibn
techniques (Dindeleugt al, 1998; Duboiset al, 1994), is (1) to provide proof about possiblenges in the
process, independently of any human interpretatiod, (2) to focus actors’ attention on a given ineenon or
highlight a crucial situation, which has not begken into consideration.

Furthermore, none of these systems proposes aserecaluation of the nature of effects (severityeigertheless
considered in P-FMEA for instance). Yet, it is imfamt to characterize effects accuratelg.(to propose a
characterization method that allows actors to kwdvat are really the potential impacts on the caltabve
process under study).

4. Examplethread: a collaborative processfor crisis management

The approach we propose is illustrated on the hidséscollaborative process for crisis managemdntvever,
the approach can be applied in others contextshinhacollaborative processes must be managed aalgizaa
(e.g.,interoperable industrial systems) (Mallekal, 2011). This process has been implemented in tbrch
research project ISYCRI (Interoperability of SYstein CRIsis situation, ANR-06-CSOSG). The scend#sio
related to an accident involving a freight truclattiis probably transporting hazardous substaneer(#@ture of
substance cannot be clearly identified at the méginof the scenario for multiple reasons). Thedat occurs
on a railway junction, near a medium-size town. Taek may explode and this would have a major ichjee
the population, the passengers in train that legspsd just before the junction, and the naturairenment. The
process to manage this kind of accident is knowh laas already been described by a set of proceduaesin
intervention process. It is controlled by the heégublic services and involves resources suclhaoffice of
infrastructure, the police force, the emergency @are service, and firefighters.

Before presenting anticipative effects-driven apgio concepts, the following must be defined aneérakto
consideration:

- The initial collaborative intervention process ahas been defined and proposed by the emergency
planning unit. BPMN was the modeling language chdeethis purpose. The next sections show why it
is necessary to perform some BPMN concepts antar$aenrichment to bring out, further, the effects
generated by the collaborative process.

- The requirements that are imposed by the emergglacying unit. These requirements are related to
the duration of the process, expected skills, ness) and other such concerns.

The following figure illustrates the collaboratiyerocess which describes the crisis scenario maregem
Activities are performed both in sequence and iralpel. Activities use resources (not shown dingéti this
model) and each element is characterized by af €898 (Time, Shape and Space) attributes that efired] by
actors. For instance, an activity embeds attribugash as task name, definition of purpose, peisarharge,
authority, definition of mission, mission horizanjssion period, mission type, required aptitudesl @esources

Determine hazardous substance nature To confine hazardous substance Move vehicle
; Find storage zone Secure tierary
Extinguish a fire of major scale

Sottinjured people  —® Treat injured people



Figure 2. Collaborative process proposed for crisagement

5. AEDA

The following sections set up the conceptual pples of our approach, and illustrate them on thesbaf the
example given in Figure 2. An effect first has ® tharacterized and modeled. Then, in order to itatice
consideration the proposed effect model, it is ssae/ to enrich the process modeling language ohose
(BPMN), at a conceptual level. Finally, it is nes&y to check:

() If the modeling requirements are respecies, fo verify the compliance of the model with its m@hodel
and modeling guidelines. This step aims to verifdel coherence and quality.

(2) If the requirements coming from the collaboratprocess are respected. This step aims to panalidate
the model by matching it with the perceived reatityhe collaborative process. This requires thiea support of
domain experts.

(3) If some of the feared effects, difficult to giet and potentially harmful, are not to dread.

The methodological steps of the AEDA approach laea presented.

5.1. AEDA modeling principles

Effects characterization
An effect is first characterized by its nature.( what is its potential scale of significance?) @adstructurei(e.,
what are th@bjectsconcerned by this effect? What are the relatioreohsider between them?).
An effect is defined as situationthat can be expected, undesired, or dreaded, wstlits from arnnteraction
between on@bject considered to be the source of the effect, aredl@nseverabbjects considered to be the
destination of the effect, as illustrated in Fig8re

TSS attributes of D evolution description
|

N M TN
/ N\ interaction / N\
{ > )
T A / N
g Object source S Object destination D
Defined by:
- TSS attributes

- Modalities (object mission)
- Behaviour

Object source S:
activity of P1

Delay(D)

i ,,,,,, » Interaction(P1,P2) !

Example

Object destination D:
activity of P2

“ Quality(S)

Figure 3. Effect model principles

Objectmodels are physical or logical elements presawutfhout a process: activities, partner's resousces

elements that compose the environment that cafféeted by the process (Cougstal.,2007). They provide a
meta-model for crisis management systems, whicbrihes relevant objects to be considered in thisaln.

An object is specifically defined by a set Bine, Shape and Space (TSS) attribated a set ofmodalities

(Maier, 1995).

- A TSS attributecharacterizes any element, from a quantitativguaditative point of view, that changes
over time (duration), spatially (location), or cafess its shapee(g. capacity). The TSS attributes list
(summarized in Figure 4) allows the required atiiéls that have been selected for the crisis
management process under study to be defined amalined. Finally, anpbjectmay be “a part of”’ or
“interacts” with another element. In this case, tiey eachobject evolves affects and modifies the
referential of the surroundingbject Thus, defining whiclobjectsevolve in a given referential also
allows us to know the impact of thesigjectson their environment.

- The modality of an object describes the systemic nature anel oblthe objecti(e., the classical
expectations the object must respect when facingnvironment and exchanging flows). It is composed
of five expectations:

To know the set of internal data, information, knowledgeents, skills, and abilities expected to
allow the object to fulfill its mission.



To want the set of required inputs (skills, abilitiesfarmation, data, knowledge, events,
materials, energy) needed to control the (set ciipa(s) to be done by the object in order to
fulfill its mission.

To have tothe set of outputs that has to be provided byothject so that it fulfills its mission
and achieves its purpose. It can be an outputf ifseimpetencies, skills, information, data,
knowledge, events, materials, energy) used by @btvities that have ‘to have to’ or ‘to want’
modalities.

- begin

-end

- involved in the crisis

- out of the crisis

- desired duration of action
—dﬁl&d—dﬂmﬂw i i i 4
- recognition

- authority

- hierarchy

- volume

- surface

- height

- length

- width

- mass

- distribution

- density

- human

- environmental
- in space

- organizational
- quantity

- size

- organic

- control

- acquisition costs
- cost of use

- position (GPS, other)

- other TSS attributes variation

date

duration

influence

dimension

vulnerability

quantity

complexity

cost

location

dynamic

Figure 4. TSS attributes list

To have the set of inputs (skills, abilities, informatiodata, knowledge, events, materials,
energy) to be processed by the objed.,(allowing it to provide its outputs and achieve its
mission).
To be able tothe set of inputs (as resources) that can prottde skills, abilities, data,
information, knowledge, materials, events and enepgected and allow the object to provide
its added value and fulfill its mission. These banalso named ‘input resources’.

Figure 5 illustrates the modalities of the Activitigject.

To want

/ Local input of control

Input of control from
other objects

4

Output that can control
others objects

—

To have. Input to process

Activity
To know

Processed output
—

To
have
to

_ 1

Input of support from
other objects

|

L.

Output that can support
others objects

Local support input

To be able to

Figure 5. Activity modalities

This notion of modality allows the differemtteractionsto be identified. The concept of interaction (Lege
al.,, 1999) allows one to formalize how, in what coiudis, and with what effects an element can dyndiyica
interact with another one. Interactions are defiagd
The “know-how” (KH) interaction represents the flofvknowledge and skills;



— The “want-do” (WD) interaction represents the flohinput that triggers the object;

— The “can-do” (CD) interaction represents the fldnputs that are considered as resources;

— The “must-do” (MD) interaction represents the flofffinal outputs.

All the interactions presented above are concretiae physical (material, information, energy) ogikmal flows
(influence, authority...), which are necessary betwibe objects and can be the causes of potentigtef Thus,
aninteractionbetween two objects is modeled by a set of ruigslighting the resulting variation(s) of one (or
more) Time, Space and Shape attribute(s) of théndéisn under the action of the soureeg( activity A1 onto
activity A2 may modify delay attributes of A2, resoe R1 onto activity A3 may modify the qualityservice of
A3). Aninteractionis not meant to explain the resulting changesabus to concretize and formalize what these
changes are. For instance, the following rules expressed in natural language to make them easier t
understand:

- An activity aiming to confine a dangerous productyrmaduce the risk that this product will explode

- A partner selected as a potential resource to penf@n activity has to provide a capacity at least
equal to the capacity requested to perform the id@med activity, in order to avoid delays and
maximize the efficiency of the activity

An effect can be defined as:

- Predictablei(e.,assessable and indicators exist for the sourcetdfe the destination object(s).

- Potential, in this case a logical relationship esxisetween the cause and the effect.

- Unpredictable or emergeritd., there are no indicators or logical relationshigt tdlow the effect to be
determined. The characterization of this kind éée&fis not considered by our approach.

Furthermore, an effect can be:

- Direct (also named *1order effect) if and only if it is directly extrad from an interaction between a
source and a destinatioa.§.,controls an activity).

- Indirect (also named "9/n™ effect) if it is the result of a*lorder effect. For instance, a resource is not
adapted to perform an activity Al, and this mayutcel delaysi(e., harmful indirect effect on the next
activity, A2).

Finally, an effect can be characterized by its mat(Mann, 2002) defines four natures of an effect:

- Harmful effectsare produced when the source induces a detedorati the characteristics of the
destination. These kinds of effects have to be ématown.

- Good effectare produced when the source induces a variafitreaharacteristics of the destination as
expected. These kinds of effects have to be maigdai

- Excessive effectare produced when the source induces a variatiothé characteristics of the
destination beyond expectations. These kinds et&ffhave to be reduced.

- Insufficient effectsare produced when the source induces a variatiothe characteristics of the
destination less than expected. These kinds oftsffaust be improved to become efficient.

Figure 6 shows the application of the rules prodosbove on the crisis management process introdunced
Figure 1. Three kinds of effects are brought todtiention of actors involved in the process. Antifat effect is
detected in the activity “to confine a hazardousssance” requiring corrective actions to be depdioy® good
effect is highlighted on the activity “to determiti® nature of the hazardous substance” and affigisaot effect
occurs on the activity “to treat injured peoplei.this case, appropriate actions have to be impitdeo tackle
this deficiency.

Determine hazardous substance nature To confine hazardous substance Move vehicle
; Find storage
Extinguish a fire of major scale
Manage disater
.

Sartinjured people  —Treat injursd people

Process

Figure 6. lllustration of the effects principletime collaborative process for crisis management.

The nature and structure of an effect are not@afft to highlight it on the process model. Indeed, difficult —
or even impossible — to highlight an effect dingclt is also difficult to show a potential effatiat is initiated by



the combination of other effects. This demonstratiEquires one to provide a formal model of theetffn order
really to verify it and to facilitate the implematibn of propagation mechanisms allowif§f#' order effects to
be detected. Moreover, this modeling step allows& techniques to be taken into consideration.

Effect formalization for proof: properties
In order to bring out the potential effects genedatit is necessary to apply these on the colldlbvergrocess
submitted to analysis, which requires the previpuifined effects model to be formalized. In thiaywthe
modeling can be envisaged from two points of vi®n.the one hand, an effect can be modeled as &nydp
act as a proof. In this case, the goal is to vdfynally on the process model the property thatesents the
effect. On the other hand, an effect can be modediny a mechanism that ensures the propagatiangofen
effect throughout the process being modeled. Tinid & model is mainly used to act as execution.
If the effect is concerned by a property, it isatet to a causal temporized and constrained relagbwveen two
predicates called cause and conclusion (Lamine]l 2@xause and conclusion are described using atidsi.e.,
information that characterize elements involved)fworctions extracted from the collaborative processiel.
Indeed, this description allows one to provide aplieit expression of (1) the source that initiates effect, (2)
the destination that is affected by the source,(@hthe possible variation of both of these eletmeRinally, the
causal relationife., implication) describes the nature of the relatiopsetween the cause and the conclusion
and the temporal constraints on which this relatigm is based. An effect characterized as beingl goal its
property model is represented in Figure 7. Thigprty can be applied to the collaborative procesfisis
management in order to ascertain the effect ofuress that are allocated to activities.

Effect Cause Relation Conclusion

Each partner, to be allocated to a given activity,
has the required aptitude, is available, and is at the right implication
location

Partner is eligible to be
allocated to the activity

Good
Exists a in Activities, forall x in Partner, [ requiredAptitudes (a)
in aptitudes( x) and location( x) = location( a) and
availability(a) = true]

=

[for all [x in eligibleresourceOf (a)]

Figure 7. Example of effect modeling based on ey

For example, the property defined as:
Forall a in Activities, Forall element in input(§equestTSSinput(a) in TSS(element)]
=
[effect(a, element):= good]
means that if the TSS attributes requested by engctivity as input contain the TSS attributeshef element
considered to be processed, then the effect cddtieity on the element is considered to be goad,this is true
for all the activities in the collaborative process
This property can be decomposed into sub propethias specify the way to interpret the variationedfiect
value, with the consideration of a more precisesstibf TSS attributes of the activity and/or of ¢hement.
Thus, the following property:
Forall a in Activities, forall aptitude in requestAptitude(a), forall partner in elligibleResources@)
[requestedCapacity(aptitude,a) < capacity (partijer)
=
[effect (partner, a):= insufficient and elligibleReurcesOf (a):= elligibleResourcesOf (a)-partner]
means that if an activity requires a precise cdpdevaluationi.e., quantification or qualification of a given
aptitude according to a common scale of measuhne)y) each partner selected as a potential resousse m
provide this capacity in order to be qualified. Enhise, the effect of the “t” element has a subkaite quantity
less than the sub-attribute quantity that descrthesexpected quantity of elements for the actifity., the
quantity of inputs from this partner for activitg™is considered to be insufficient).
The modeling of an effect as a property providesigport of reasoning, allows the collaborative pescto be
analyzed and the accuracy of the characterizatioanoeffect to be proven. However, it can appeat the
characterization of an effect depends not onlyhengroof of one property, but on many. Moreoveretiact on
a given element can also affect other elementdsirenvironment, leading to its propagation throughthe
collaborative process.
In this case, it is interesting to offer the po#iibof implementing a mechanism allowing one tmslate and to
model an effect and its impact according to itspagation. This can be done by using a properties &s



introduced in (Chapurlaet al, 2009). A property tree is a recursive mechanismmetd on three concepts:
property, node, and relation.

The concept of property is related to the modetihgn effect as previously defined, while the cqtaaf node
represents an “abstract requirement” characterigedn effect as well. A characterization of an efffor an
abstract requirement can depend on the charadterizaf (1) one or more effect by means of a propand/or
(2), one or more effect from another node, chareetd themselves by property(ies) or node(s). Tdrecept of
relation represents either logical operators oeofhinctions that describe the conditions withinediect for a
given node is reached. The consistent relationbbigveen these three concepts allows a propertytordoe
obtained in order to characterize an effect basetth® mechanism of propagation.

A basic example of a property tree is given in Fég8. Applied to the collaborative process for isris
management, this tree enables a good effect retatéke overall process organization to be highédhand
defined assomeone is in charge of the process AND how agiivibrganized has a good effethe first term
is a simple effect model using a property, andsteond term represents the effect of an abstrgairesnent
defined hereafter. Thus, the (good) effect of thetract requirement activity organization is defires:any
activity has a person in charge AND any activitesisesources AND how resources are organized hgsod
effect

Finally, the characterization of the effect of #higstract requirement resource organization is destras:any
human resources have responsible AND any matesdurces have responsible

Starting from the effects modeled by properties, dbjective is to propagate their characterizationughout
the entire structure, including the abstract regqugnts, in order to reach the final effect charaagon. It is
worth noting that the logical operator used foraddbktract requirements is a logical “and”. In taene way, the
logical operator “or” can be used depending onratteeds in term of the characterization of efect

taskResponsible

—3 O ActivityOrganisation
(anD )

taskUsesResource

N
3

':_AND | O ProcessOrganisation

HumanResourceHasResponsibl

w
¥

.
[aND )

(O ResourcesOrganisation

&
]

MaterialResourceHasRespaonsibl

o

1
4

ProcessHasRespaonsibl

5

Figure 8. Example of using a properties tree toe@had effect.

At this stage, it is important to remember that shecess of the effects characterization deperetgigron the
knowledge embedded in the collaborative processgiwveh by the actors involved. As mentioned abave,
maximum amount of knowledge is required to detect r@fine a maximum number of existing effects. § hhe
characterization of an effect is closely relatethi process modeling language used.

Conceptual enrichment of a process modeling languag
As mentioned before, the characterization of aactffs closely related to the model used for thaborative
process and the information available (as far &sipte) for its elements. Furthermore, the modelafo effect
considers and depends on the element attributasiceedti from the process. In other words, an effect
(characterization and modeling) has an impact om miodeling language itself. This means conceptual
enrichment of the modeling language must be peddrin order to capture a maximum amount of knowdedg
Thus, depending on the context in which the apgras@pplied, this enrichment can be carried ouvim ways
(the semantic aspects of these enrichments aggres¢nted here).
The first is related to the addition of various swuacts to the modeling language. Although a gir@deling
language offers the possibility of reaching a fatidel for a specific field, it may require adapas in order to
be deployed in another field. This is the casettierBPMN language chosen, which is perfectly adhpaethe
Information and Technology context, but which lacksdeling concepts in other contextsy,example threads
dealing with crisis management).
Thus, modeling a collaborative process for crisenagement leads one to consider other construath, &s
human resources, materiel means, population, aldsoiciety. As a consequence, these constructs tabe
considered and added to the BPMN language. Thewolh figure represents the implementation of two
constructs implemented as modeling elements in BRMNhan resources and material resources).
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Figure 9. BPMN constructs added to the crisis mamagé context

Once the first enrichment has been performed, #eoral consists in adding TSS attributes to modeling
elements. In the same way, if the modeling langudagesen allows - in its original version - to calesi some
attributes on its elements, it can be requiredniich these elements according to the context. @fopm this
kind of enrichment the Time, Space, and Shape (T&Bjential presented above is utilized. Figuregil@s an
example of a complete enrichment step for a taskarisis context.

Modeling element | Attributes enrichment

| H Tash
| = expectedResource : EEList |
= exp Resourceaptitude : EEList |

sourceCapacity : EEList
tasl o startDate : EDate

= endDate ;| EDate |
= eypectedResourcelocation : EEList
| = expectedResourceQuantity : EEList |

Figure 10. Attributes enrichment for a task in igisrmanagement context

The result of these two steps is an “enriched BPNyrtially presented here), allowing actors to siateir
collaborative process according to the context eomed, as well as to collect a maximum amount ofAltedge
about elements involved in its execution. The n#&iDA conceptual enrichments related to effectspprtes,
and TSS attributes are summarized in the UML metdehin Figure 11.
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Figure 11. Main conceptual enrichments of AEDA {ja@view)



5.2. AEDA checking principles

Effects characterization can be carried out inways. On the one hand, it can be performed by ¢spein this
way, effects characterization is based exclusieal\knowledge coming from an expert. This kind aht@que
cannot be formally proven and may be subject tonsicleration.

On the other hand, it can be performed using forwmeaification. In this case, it is necessary to linpent
verification techniques which allow the charactatizn of an effect, based on the knowledge extcafrtam the
model, to be proven formally.

This paper focuses on the second technique, #itextrby a conceptual graph (Sowa, 1992; Cheal, 1992),
which follows an approach similar to the one pragabm (Malleket al.2011). A conceptual graph allows one to
reasonvia a graphical representation of the knowledge thakdsy to understand and to manipulate. The
technical implementation of the verification, usihg conceptual graph, is performed with COGITANGefest,
2010). However, this implementation requires tranmsftion in order to be applied and to characteaizeffect.
These transformations are performed with ATL (ATL&Boup, 20006), and concern enriched BPMN process
model (1) transformation, (2) verification, and Efects analysis.

Process model transformation
Process model transformation aims to transform dbkaborative process model into a Conceptual Graph
according to the approach presented in (Mallek.e2@.1) and using two models called theport modebnd
the facts model This transformation is performed in order (1)apply properties proof mechanisms to the
process model and (2) to embed some operationarg&® in the model itself in order to perform agagation
of the effects.
The support modedllows a representation and formalization of lal toncepts and relations from the enriched
version of BMPN to be obtained. This support matdlematized in Figure 12 is split up inteancepts lattice
and arelations lattice by means of conceptual graphs theory. The conlzdfite represents the hierarchy
between concepts, and the relations lattice repteshe relations between the concepts. Furtherntbre
transformation also includes the individual markedsich describe the instances of the concepes, the
activities, resourcegtc that describe the activities and partners).

Relationship (T,T)

Task Pool Lane Contains(Pool,Lane)

HasManager (Task,HumanResourcg

HumanResource

a) b)

Marker Concept

Manage disaster | Task

PolicesForces HumanResource

c)

Figure 12. Example of support model with concetfiida (a), relationship lattice (b), and individuahrker (c)

The facts modelis a conceptual graph, named atgaph model,which considers concepts and relationship
lattices and markers. It represents the modelettilaborative process translated into a concéptagh. This
model corresponds to the support model illustrategeigure 13.

Task: Manage disaster zone ’ ’ HumanResource : Police Force

Figure 13. Example of a fact model in agreemert it support model

Verification is then performed on tlggaph modethanks to the mathematical mechanisms caltegection The
projection step aims to formally establish a relaship between thgraph modeland the property model
(translated, itself, into a particular conceptushpg namedconstrain), which formalizes (1) the modeling
requirements to be respected, and (2) the effscdt@vn before.
The COGITANT tool is used for considering two kinafsprojection, known as positive constraint andateve
constraint:

- A positive constraint is composed of a cause amreclusion. To verify a positive constraint, any



projection from the constraint cause into the graqmuel must be able to be extended into a projectio
from the whole constraint graph into the graph nhéaleonsider.
- A negative constraint is a simple conceptual grdpft.is projected onto the graph model, then the
constraint is not verified.
These constraints are then used for the two comsidaurposes as follows.

Modeling requirements verification
The following figure represents a negative constrtiat allows model coherence verification to leefarmed.
In this example, the property to verify is tlaaty task has an attribute name with the string @a@mpty stringlf
the graph is projected onto the graph model, tlopgnty is not verified, which means that some imfation is
missing from the process model.

[
Task @ * asAttribute name : * Value : emptyString

Figure 14. Example of a conceptual graph

Effects analysis
Effects analysis draws attention to all the potdrdffects that can be generated by the collab@rairocess, in
order to validate them (or not). The effects madétansformed into a conceptual graph and veriffestording
to the result of the verification, the nature af effect is displayed to the actors.
Thus, this verificationi(e., effects analysis) results in the use of the pt@acmechanisms of the conceptual
graph, which represents the model of the effecto(@lamed constraint), onto the process model diyethe
support and fact files.
Figure 15 shows the conceptual graph that represdieicts modelingAn activity named Manage disaster, uses
human resources named Police Force, and human resswmamed Firefighters, and human resources named
Emergency Ambulance Service, and human resourceedaffice of Infrastructurelf the cause can be
projected onto the model of the collaborative pss¢ehen the conclusion has to be projected toas,Tif the
projection takes place, the effect is characteraeteing good.

Value : Manage disater zone

Figure 15. From effect modeling to the conceptuaph for effects analysis

Figure 16 shows and summarizes the previous comn@eqt relationships, which support the AEDA applnoac
The next part presents the different AEDA stepsse.
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5.3. AEDA methodological steps

The AEDA approach is implemented through differstefps inspired from the Effects Based Operatio®(E
approach, and summarized in Figure 17 (Daetiml, 2009). These steps aim (1) to characterize thmeshts
(activities, resources, data, and control flowsveen them) involved in the collaborative procese (of the TSS
Frame of Reference), (2) to define the effects aat result from its execution (use of the Effetdscription
rules base), and (3) to check the process modmidier to detect if conditions under which effecs occur are

verified.

Anticipative Effects -Driven Approach (AEDA)

1 KNOWLEDGE
Effects Based Crisis Crisis modelling
Operations management T
(EBO) approach process model
¥ Effects analysis
-
i3 G
@ —
] Validation?
sf. |
Knowledge e &
‘, S
Planification Resolution Look _for
rules alternatives
Planification

Alternative
o

Evaluation Execution
Evaluation Propose a
new process
|

Figure 17. The AEDA placed in an EBO approach cdntex

After building the aforementioned collaborative gees model, the first stepcharacterization of elements

aims to define precisely all the elements involiledthe process. In this way, the objective is tdemd a
maximum amount of information about the differeatiaties, the resources that have to perform &g, and

the controls, as well as expected input and odtpws from activities. This step is supported by3S Frame of
Reference which structures information about elémefhe TSS Frame of Reference represents a set of
attributes applicable to each elemeng(,activity start time, resource name...). The purpafdhis step is not to

be exhaustive. It allows one to represent the baswmwledge of partners regarding the process to be



implemented. However, the more the characterizaifospecific elements is complete and precisebee the
next step is able to highlight the effects.

The second step eharacterization of effects is intended to explain to the partners the &ffelsat may be
induced by the collaborative process to implemarthér. This step is supported by an effects deson rules
base allowing the effects to be characterized. Phse is a reference base containing effects deazation
properties. It is composed of two kinds of propestireference properties and custom propertieefétence
property is business independent and can be apliady process. For instance, a property suclamaaétivity
uses a resouréeis considered to be a reference property, becéusan be implemented in any collaborative
process. In other words, reference properties arepasitory fixed in the rules base. Converselguatom
property is business dependant, and can be impteohdoy partners themselves. For example, the crisis
management procesghé management of disaster zone activity requidsnpr consultation for advice and
about the potential actions to implenieist only applicable in a crisis management cont&xius, partners have
to select rules they want to apply in order to hgitt effects induced by the implementation of gwbmitted
collaborative process. For the property given abtive effect, produced by a non verification, isetterized
as being harmful. Indeed, disaster managementisetoed by the definition of a safety zone, théalfation of
a first-aid station, and informing the populatiémthis way, all resources are involved in this\agt in order to
avoid problem when this activity is executed.

At the end of this step, the collaborative proaesslel is checked during thelidation step, which is partially
based on the effects that are detected. In this edther the process is validated or rejecteid.idfapproved, the
partners validate its calendar and/or perform sadtjestments before starting to execute it. If thecpss is
rejected, two cases can be considered. On thead the process can be re-configured in orderdakodown
effects into ones that are considered to be hartofitb execution or ones that result in improvgdaogition. On
the other hand, the process is overridden and aomewis developed. In both cases, the new configurgor
new process) is re-submitted to the approach ierom detect other effects. For instance, a neviigunation
can remove one harmful effect, but this configuratinay also create and reveal other effects.

6. Conclusion and prospects

Our paper presents an anticipative effects-drivepr@ach to guide and to assist partners in impgpvireir
collaborative processes. It entails the verifioatiand adaptation of a particular collaborative pssc by
anticipating potential effects that could occuridgrthe runtime phase. This adaptation and vabdatiave to
lead to improved interaction between each objeetlired in a collaborative process. Although we gpible
approach to a collaborative process for crisis gament, it can be deployed in any field that rezpiia
collaborative process to be implemented.

The effective implementation of an approach is Base three concepts that are clearly identifiedect$
characterization, effects modeling, and model &mient. Effects characterization allows users tardes an
effect, including (1) its naturei.§., its impact on the collaborative process), and i{f®)structure i(e., its
compositionvia natural language). The effect is modeled in a nion@mal way in order to allow its verification
through formal techniques. Moreover, when an effscidentified with knowledge contained in the pres
model, the modeling language must be enriched.irfstance, applying the approach to crisis manageinen
required us to enrich BPMN with concepts specificedlated to this domain.

The verification of the potential effects on thdlaoorative process is performed using formal témines, such
as a conceptual graph. This verification leadshi® application of transformations. On the one hahd,
collaborative process model is transformed intopsup and fact models, which include concepts and
relationships present in the modeling language elsas a model of the process. On the other hdredetfects
models are transformed into conceptual graphs d@eroto be projected (or not) onto the process motist
result of this task is displayed to the actors whtice the nature of the effects.

As far as outcomes go, several remarks are in o@tarceptual graphs only allow us to verify projgsrthat are
time independent. It would be interesting to alsnsider properties that are related to time. Tfurgher work is
needed to implement formal verification techniquesch as model checking, that would allow this kofd
verification: this research has already been ua#lert, and is currently being developed (Mab¢lal, 2011).
Another point to pursue is the generalization @& #pproach to other systems. Currently our workises on
collaborative processes for crisis management.obective of this generalization is to enable ib®applied to
other domains such as industrial systems. Furthernoar approach considers only the modeling laggsaich
as process model. Ultimately, it must also takeiothodeling languages into consideration.

Other architectures besides that of complex systaaysbe interested in the anticipative effects-hiapproach.
Indeed, some architecture has specific propertias do not characterize complex systems. The Sgst#fm
Systems (Maier, 1996) seems to be interesting mgsdo develop the approach.

Finally, our approach does not consider human aydhmlogical effects. It would also be interestiodink our
research to the social sciences, in order to aedhase aspects.
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