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Abstract different activities, resources and flows. Numerous
partners from different organizations may have tteen

This paper aims at presenting the foundation of an work altogether. Their actions have to be coordidat
Anticipative Effects Driven Approach to validate a and synchronized in order to maximize the efficienc
collaborative ~ process  taking into  account and the relevance of the whole collaborative preces
interoperability constraints and rules. The objeetiof ~ Although the main desired effects of this process a
this approach is to allow managers in charge ofthi reached, some others effects (unpredicted,
collaborative process to detect and characterize th undesirable...) may be induced and lead to a worgenin
possible effects due to a lack of organizational Of the situation. As a consequence, it is necestary
interoperability between partners involved into the analyze from an anticipative manner the different
collaborative process. This approach is based on effects that can be produced in order to help mensag
several concepts, model and reasoning mechanismdn charge of the collaborative process to adaptidr
presented and illustrated in this paper. It is dpgl to its execution. The here developed research work

here to a case of a crisis management processPresents an approach illustrated in this papemigisc

involving several partners. This research is issfrech management collaborative process [6]. .

a previous approach coming from a French research ~ After giving the objectives of the approach, the

project dealing with the interoperability of systeim paper presents a brief introduction to the efféetsed

crisis situation: ISYCRI (Interoperability of SYistein ~ Operations on which this research work is baseénTh

situation of CRIsis, ANR-06-CSOSG). the concepts of the approach are given and defined.
Their use is outlined trough the demarche to implem

1. Introduction the approach. A simplified example is then propdsed

order to illustrate the approach.

The interoperability between partners involved into . . L .
a collaboration (military, computer, enterprises, 2- Objectives of the anticipative effects-
software applications...) [1, 2, 3] is now consideesd ~ driven approach
a key factor of success. Indeed, any collaboraison
based on partners’ interactions and communications Anticipative Effects-Driven Approach focuses on
order to share data, services, knowledge, skitsd the collaborative process that is commonly setap t
interoperability must be satisfied for gaining atdt reach a set of given objectives (here, to reducesés
performance and efficiency, and finally reactiviapd situation) and which involves different participsnthe
agility of each partner. anticipative effects-driven approach must constuer
Interoperability can be studied at different levetsi different cases:
one of them is related to the processes [4] 1. The collaborative process exists and seems atenpl
Interoperability of processes means to make variousThe goal is to validate it.
actors, activities, tasks and, in broad sense,ggsms 2. The collaborative process is incomplete it is no
work together. Furthermore, interoperability is longer able to react to the crisis evolution. Neticans
distinguished by three categories of barriers sash  must be proposed in order to face the crisis eiarlut
conceptual, technological and organizational [5.far As a consequence, the anticipative effects-driven
as the last barrier is concerned, the developmént o approach has to provide:
organizational interoperability of processes aims t ¢ A set of concepts and rules allowing to model
propose and organize collaborative process invglvin different configurations and characteristics of



collaborative process, of the partners as well hes t
environment in which this collaborative process
evolves.

« Reasoning mechanisms allowing to detect, on this
model, the possible effects of each action thatnpes

may execute. The goal is to characterize and détect

potential effects of actions that participate to a
ssessmen
to formalize a collaborative process model calledeh
This paper focuses on the determination of design  The knowledge phasallows to define clearly the

collaborative process taking into account the
Does the desired final
outcome is achieve ?
.. . . end
crisis model and a set of generic rules describing no
rules and the evaluation of the potential effebt tan  sijtuation including the desired final outcomes,uieed

Knowledge

organizational interoperability of the partners.
The expected result of the proposed research work i

interoperability constraints and requirements theate Figure 2. The Effects-Based Operations cycle

to be successfully verified on the process model. (adapted from [12])

be produced by an existing collaborative process. effects, means, possible actions and adjustmeats th
can be carried out. Therefore, it allows if necegst@
3. State of the art adapt actions previously executed but that have not

reach the final outcome. Timanning phaseonsists to
The Anticipative effects-driven approach is based o organize actions that can be performed. &kecution
the Effects-Based Operations approach developedphaseperforms the actions and induces effects that are
specifically in the military field [7]. An effectbased evaluated duringssessment phase
operation approach consists in the execution @tafs Contrary to the EBO approach which concerns all
action that has to produce effects in order toeachia the phases, the anticipative effect-driven approach
desired final outcome [8, 9, 10]. An effect-based concentrated on the knowledge phase and aims:
operation is thus related to the concepts of asfion 1- To capture and to gather a maximum of knowledge
effects and outcomes as shown in figure 1. that can be used in order to characterize all the
elements confronted to the crisis and to build aeho
of this crisis highlighting potential effects of eth
proposed collaborative process on these elemedts an
2- To test a set of analysis rules that describghith
Actionn —— Effectn conditions and with which nature potential effetsst
appear. Indeed, the flawless cognition of the ratfr
operations [11] an effect caused by an action (pr a set of acticms)
resource or any other element will allow to reaaod

Actions transform any object from one state into ) ) )
another state. An action is supported by resourceslO select alternatives actions which reduce thésets

having some capability and aptitude and contrilgten I Order to response suitably to the crisis.

its execution. Effects result from actions and Rigphe o . )

modification of an object state. 4. Anticipative effects driven approach:

The literature classifies effects as direct (1steey ~ modeling

indirect (2nd/nth order), predicted or unpredicted,

desirable or undesirable, decisive, enabling andrso This section introduces the concepts and defirgtion

Finally, final outcomes represent the desired Silma  related to a crisis characterization used in th@AE

that has to be achievdc the situation in which the

effects on the objects is concretized. The 4.1. Crisischaracterization

implementation of an effects-based operation i;ddf

by a cycle composed of phases named knowledge, A crisis situation is first characterized by:

planning, execution and assessment as represemted k. Operative zone (0Z) [13] defines the location ia th

figure 2. space where crisis takes place (in a broad sepse, f
example, the place where a family of a victim lives
also included into the operative zone), as well as
environmental conditions such as geographic and
climatic.

Action 1 —— Effect 1

Action 2 —— Effect 2 Final outcome

Figure 1. Simplified structure of an effects-based



Operative duration (OD) [13] represents the time
interval between the required start of the process
the end of the crisis.

Then, objects which are present in OZ during OD and
may be concerned, affected or involved into thsigri
are considered. These objects are those definduein
crisis metamodel such as [14]:

The PopulationR) is the set of physical people who
are directly affected by the crisis.

The Civil Society CS) is composed of people and
civil associations that can be confronted indiset¢d
the crisis, such as victims’ families, media, etc.

The Natural EnvironmentNE) is constituted by the
environment, excluding human constructions. Thos, t
natural environment can be seen as the set of ateme
such as woods, air lanes, navigable laates,

The Goods G) are habitations, roads, vehicles...
and all other infrastructures that can be affettedhe
crisis.

The Human MeanHM) gather on-site and off-site
participants that are involved in the collaborative
process. They provide their resources, servietes,

The Material MeansM M) is the set of available
resources (energy, material, machines, etc.) for B8l
and P.

The Gravity Factor GF) is any element that can
impact the crisis, either in a positive way (impgoent

of the situation) or in a negative way (worsenirfighe
situation). A gravity factor affects one or several
characteristics of the objects of the OZ during fob
example in terms of performancee.d. operative
duration is longer than predicted).

The Complexity Factor@F) is any element that
modifies the type of the crisis. Usually, a comjtiex
factor requires redefining the collaborative praces
response because of the evolution of the cristedd,
OZ and OD must be modified and the objects
confronted to the crisis may change. Moreover, a
gravity factor can become a complexity factor. For

OD), in the space (limited by OZ) or taking into
account its shape. Any element may be “a part of’ o
“interacts” with another element. In this case, the
evolution of each element affects and modifies the
referential of the surrounding elements. Thus, riiedj
which elements evolve in a given referential alldas
know the impact of these elements on their
environment. In order to refine the characterizatid

an element in terms of time shape and space, trese
are decomposed in sub attributes. For example, if a
human mean is considered:

The time attribute is defined by the sub-attribudés
date and duration;

The space attribute is defined by the sub-attrilbfite
location in a defined space, and;

The shape attribute is defined by the sub-attribute
of influence (related to skills, authority...), dinséon
(volume, length...), vulnerability (improvement or
degradation of the object), quantity, complexity
(organic, structural...) and cost (related to or rirdd

by the element or its utilization);

The concept of modality [16] is related to the
characterization of the possible link between bjeots
step in the collaborative process. The concept of
modality is specifically related to the resourced ¢he
activities. As an example the modalities, in thanfe of

an activity, are characterized by:

The modality ‘to know' (TK) represents what is
required by the activity in terms of knowledge and
skills to achieve its mission;

The modality ‘to be able to’ (TBA) represents the
set of resources that are required by the activity.
resource is able to provide skills, capabilitiestad
information, knowledge, matter, and energy that are
needed to achieve a mission;

The modality ‘to want’ (TW) represents the set of
inputs such as data, information, knowledge, rules,
events and order that are required by the actidty
control its behavior and to achieve its mission;

example, the rain can be considered as a positivee The modality ‘to have’ (TH) represents the set of

gravity factor on a fire but can turn into a conxitie
factor if it causes a flood.

The activity of the collaborative process.

From this point, each object has to be charactrize
order to implement the proposed approach.

4.2. Object characterization

The object characterization is based on three
concepts: TSS referential modalities and interastio
The TSS referential (time, shape and space) [1&)val
defining and formalizing physical attributes which
characterizes any element, from a quantitative or
gualitative manner, evolving in the time (limiteg b

inputs required by the activity to achieve finality

The modality ‘to have to’ (THT) represents the sets
of outputs that must be achieved by the activity
representing its mission. Figure 3 gives a reptasien

of the concept of modalities for an activity.



To want The goal is now to characterize the nature of fecef

Local input of control by determining if it is [13]:
Input of control from Output that can control « Harmful. This effect is produced when the source
others objects others objects R . : .
¥ [ e can induce a deterioration of the characteristicthe
TO Jinput to by Output d inati i
havg TPU O DERIOCESS |y ity utput processe; To desyn.atlon. These kinds of effects have to be
To kno have to annihilated.
Input of sﬁppomrom I—'omput et can support * Good. This effect is produced when the source can
others objects others objects induce a variation of the characteristics of the

Local input of support

destination as expected. These kinds of effecte hav
To be able to

) be maintained.

Figure 3. Representation of the modalities for an « Excessive. This effect is produced when the source
activity can induce a variation of the characteristics af th
Finally, the concept ointeraction [17] [18] allows destination beyond this expected. In this casestfest

formalizing how, in which condition, and with which has to be reduced.
effects an element can dynamically interact with  Insufficient. This effect is produced when the seur

another. The interactions are typed as: can induce a variation of the characteristics af th
« The interaction “know-how” (KH) represents the destination less than expected. The effect must be
flow of knowledge and skills; improved in order to become efficient.

« The interaction “want-do” (WD) represents the flow ¢ Absent. This effect is produced when the source
of input that triggers the object; should modify the characteristics of the destimatiot

+ The interaction “can-do” (CD) represents the flow none variation is noticed. In this case the effeas to

of inputs that are considered as resources; be created.

+ The interaction “must-do” (MD) represents the flow In order to characterize the nature of an effelgtsrare

of final outputs. proposed and formalized.

Thus, the objects are characterized according to a
TSS referential, their modalities and their int¢iGts 4.4. Rules modeling
with others object. This characterization is theebaf
the anticipative effect-driven approach and has to The modeling of an effect consists in the desaipti
allow, thereafter, to characterize precisely theureaof of rules allowing to model the results of an inttien

an effect. between an element - considered as source andnprese
in the operative zone throughout the time duratiom
4.3. Effect char acterization another (set of) element(s) considered as desimati

Each rule can be used to model an interoperabiligy
As previously mentioned, an effect is defined as a as it is shown hereafter.

situation that can be expected, undesired, dreaddd Then, each rule is formalized into a set of formal
results from an interaction. Indeed, the hypothegis Properties as proposed by [19] specifying the way t
this research is the following: any interactionvbestn  interpret the variation of the TSS attributes of a

one object, defined as the source, and one or alever destination object under the effect of a sourcenete.

objects, defined as the destination, induces one orl'he formal modeling phase provides a formal support

several effects. Any effect is thus modeled by the Of reasoning allowing us to analyze the model & th

possible variation (or dependence) of one or sévera Crisis and to prove the accuracy of the rules. THues

TEF attributes of the destination under the actibthe =~ set of properties which formalizes a given rule is

source. An effect can be: verified then an effect can be characterized cotalyle

« Predictable. Assessable and observable indicatord=0r example the rule defined as:

exist either on the source object or the destinatio Modality (Activity) [ TSS (Input_element)

object(s). = Effect (Input_element, Activity) := good)

« Potential. A logic relationship between the cause means that if the modality of an activity contathe

and the effect exist. TSS attributes of an element to be process then the

« Unpredictable or emergent. This kind of effect is €ffect of the input element on the activity can be

not taken into consideration by the approach. considered as good.

Furthermore, an effect can be defined as direct of This rule can be decomposed in property specifying

indirect taking into account the causal relatiobneen ~ the way to interpret the variation attributes of th

situations which have induced the effect. activity under the effect of the input element. $hthe
following property:



[Quantity (Shape (Input_element)) = Quantity effect of an input element on an activity as good.
(To_have (Activity))] Currently, the research work focuses on the déimit
= [Effect (Input_element, Activity) := good] of rules and properties related to the interactions
means that the effect of an input element on aimigct  between objects. The goal is to find automaticatiy
is defined as good if the sub attribute quantitythef to type each effect and then to design the crisideh

input element is equal to the sub-attribute quardft Finally, all the concepts of the anticipative effec
the modality “to have” of the activiiye.the quantity of  driven approach presented above and theirs links ar
inputs required by the activity to achieve finality represented by the meta model shown in the follgwin

Obviously a rule can be decomposed in severalfigure and performed with Eclipse — UMLDiagram 2.1.
properties. In the simple here presented examgiier®
property will be necessary to characterize pregisel

H equivalence

sife e ]
lacal_var global_var E‘ al_obiect
sic
Hinfluence E relation o dst
—ds————se— S proparty effec! dt
dst
sle translates ] calise
= implicati = B can_do = must_do kmow_how want_do
S implication = B d = must_ch Eh h = want_d
= rules
& effert
sIc
characterized_by : 1 interaction
= t o sic
g operative-duration produces
impacts —
K‘dst . = time
exists_in . ’
— characterizeg_by
= operative-zane sic dgt [ dst bt —
are_in & — — = shape
| Eobect SIC = T8 _attribute
- dak
S good characterized_by =
= = — El processar
g human_mean g element Q gravity_factor characterized_by
Q to_can
= = — = E modality
= material_mean = complesity_factor = task & activity
E ta_have_to
B civil_saciety = population = natural_environment

E to_want Elto_be_able_to Elto_have

Figure 4. The anticipative effects-driven approach meta model
typed as good still, as harmful or finally as ifsiént?
5. Anticipative effects-driven approach: Maybe the properties that type the effect as insefit
reasoning and harmful are not considered by managers asamtlev
in the process in which case effect still remainsdy
Maybe the property that types the effect as harisful
paramount and have the priority on all others
operties.
These kinds of configurations can be observed
throughout the verification of properties to chaeaize
an effect and reasoning is thus developed to dogset
statements.

Currently, some available tools allow to reasoning
about rules and properties. In the frame of the
anticipative effect-driven approaclESS reasoning
developed withProtégéallowing to reason especially
on the relations of implication andCOGITANT

Reasoning about rules and properties allows to
characterize accurately the nature of an effectaAs
example, let us consider a rule which is decomposedpr
into four properties. If all the properties verifyat the
effect is typed as good then the rule is effectivel
verified and the effect of the source on the desitm
is well typed as good. However, if two of them feri
that the effect of the source on the destinaticypsd
as good, one of them types the effect as harmfiitiaa
last types the effect as insufficient, the rulenist
completely verified. In this case does the effeuat be



allowing to reason on the relations of equivaleand
influence, are used.

6. Demarche of the anticipative effects-
driven approach

The concepts to characterize the crisis elements an
effects of the anticipative effects driven approach

implemented trough a demarche as shown in figure 5.

More precisely, and with regard to effect-based
operation, the anticipative effects-driven approah
included in the phase of knowledge. The objectivioi
bring to crisis managers the knowledge of the gakn
effects of the collaborative process.

Thus, crisis manager will have the possibility eith
to validate the process and to start its executibn
improve it by selecting alternatives.

Knowledge !

Collaborative ;

process

Elements and 1
_y| Crisis characterization

!

Effects
model

Crisis
> i
environment i
i

SS, modalities
interactions

2
Design rules

;‘w‘? ) _To Seek _ 4
Deliberation @& lexisting alternatives|
Argumentation; :

9 v algorithm l
To propose !
process :

Figure 5. Anticipative effects-driven approach

collaborative process to response accurately to the
crisis (4).

These existing alternatives have to be still evaldia
to detect the effects and validated before their
execution.

7. Application of the anticipative effects-
driven approach

For practical reason and to show the interest ef th
here presented approach, the following applicaison
intentionally reduced and takes only in considerati
the determination of the potential effect between a
activity and a resource of a collaborative process.

Let us consider an activity such @s“evacuate all
the population”and a resource such dgé¢men” that
participate to the resolution of a crisis. The @y
performed by the firemen allow to execute an afstivi
like evacuation. Thus the collaborative processrsub
to the approach reveals the allocation of the feero
the activity of evacuation. In this case, the otiyecof
the anticipative effects-driven approach is to help
managers to validate this process by the knowledge
the potential effect that can be induce by theraution
of the firemen (object source) on the activity @iij
destination).

Using the concepts and the demarche previously
defined, it is possible to apply the anticipatirifpets-
driven approach.

Firstly, it is necessary to characterize each dpjec
involved in the collaborative process, accordingh®
concept of referential TSS, modalities and inteoast
Thus the activity “to evacuate all the populatian i
characterized with the following modalities and

As a consequence the first step of the approachieferential TSS.

consists in the characterization of the elementthef
crisis €.g.population, natural environment, activity...).
This characterization is supported by the concepts
modalities, interactions and referential TSS (1).

Then the nature of the potential effects (harmful,
good, insufficient, excessive and absent) indugethé
collaborative process has to be determined. Thjs ist
performed thanks to the referential of effect
characterization rules (2).

At the end of this step the collaborative process c
be validated or rejected. If the process is apdag,
the managers valid its planning and/or performsesom
adjustments and starts its execution. The restitseo
process are evaluated (resolution, worsening,
modification... of the crisis) and re-submitted ttee
approach in order to detect the effects. In thes ads
the process is rejected, the approach has to mravid
set of alternatives in order to construct of a new

The modality to have is defined by the shape
attribute quantity. In this example the activityjuégres
100 people to evacuate. The modality to want is
defined by the shape attribute influence guise rof a
order to start the execution of the activity. The
modality to know is defined by the shape attribsk#!
such as to evacuate. The modality to have to is
characterized by the shape attribute quantity sisae
mission of the activity is to evacuate all the plagan.
Finally, to be able to is characterized by the shap
influence. In fact the activity requires a resoutbat
has capabilities and knowledge to evacuate a
population.

Then the resource “firemen” is also characterized
with modalities and referential TSS.

The modality to know is characterized by the shape
attribute aptitude. In this case the resource rtiga”
possesses the aptitude to evacuate. The modality to



have to is defined by the shape attribute quastitth are 20 firemen that are available. This availabii#

as if the quantity of firemen is superior to 15rththe represented by the shape attribute quantity

capability to evacuate is 100 persons, then the The modalities and referential TSS of the object
capability to evacuate is 15 persons. Currentlgregh  (activity and resource) are given in figure 6.

To want Order To know >| skill : to evacuate |
Quantity : 100

To have , Ty _
- " |To haveto ¢
: L Activity e Population
Population « to evacuate all
. moved
7 the population »

o “ If Quantity >15 then
Quantity : 100 Capability : 50 persons

Tob ‘bl t . » Tohaveto 7| Else
0 be able O Firemen | Capability : 4 persons
| Quantity : 20 firemen |A To know 'I Aptitude : to evacuate |

Figure 6. Characterization of the objects of the crisis using referential TSS and modalities

Then, the second step is related to the the skill required by the activity what verify tHiest
characterization of the nature of the potentiabetf property and, (2) the capability of the resource
More precisely, the objective is to determine thaure corresponds to the quantity required by the agtivit
of the effect between the resource and the activits what verify the second property.
characterization is performed with a referentiafudés Furthermore, it is possible to note that the ffé¢ct
that are decomposed in properties. In this exantbée, on the activity (induces by the resource) has an
characterization focuses to show if the effect ban  influence on the population. In this case, it Ik &bout
defined as good. As a consequence, it is necessary an indirect effect of the resource on the popufatio

verify the rule: This indirect effect can be directly characterizasl
Modality (Activity) = O Modality (Resource) good. Indeed, the effect on the activity is good #ris
= Effect (Resource, Activity) := good one will can be executed in good condition in ortter
This rule can be translated such as the effect of a€vacuate all the population.
resource on an activity is good if the modality aof Thus, itis possible to draw the model of effectshs

activity contain the modality of resource. Thisertilas ~ as illustrated in the figure 7.
OD/OS

been decomposed in two properties. The first ptgper

is related to the modalities to know and is defiaed Interaction oYy Interaction
[Aptitude (To_know (Resource)) = Skill (To_know good effect the population » -/ \Jo0¢ et effect
(Activity))]

= [Effect (Resource, Activity) := good] 0s o

The second property is related to the modalitidsatee Figure 7. Graphical model of the effects

to and is defined as: Starting from this characterization, the managers

[Capability (To_have_to (Resource)) = Quantity have to either to validate the collaborative preces
(To_have_to (Activity))] order to start its execution either to modify the

= [Effect (Resource, Activity) := good] collaborative process in order to obtain the exgebct

The characterization of the nature of the effect is effects. In this example the effect of the resouncéehe
concerned by the validation of these two propedis$  activity is good also managers can directly vabdiie
in a broad sense, the rule. This validation meaas t process. If, for example, the effect of the reseura
the effect of the resource firemen on the actividy  activity was defined as insufficient (capability of
evacuate all the population can be defined as good. ~ modality to have to of firemen inferior to quantity

In this illustration the effect is well defined geod ~ the modality to have to of the activity) the manage
because (1) the aptitude of the resource correspiond could decide to require others resources in order t



counter the insufficient first effect and countédre t
insufficient indirect effect too.

8. Conclusion

[9] M. McCrabb, “Explaining “effects™ A theory foman
Effects-based Approach to planning, executing asgssing
operations”, ver. 2.0, 7 august 2001, availablelina at:
http://www.dtic.mil/jointvision/ideas_concepts/eoc

[10] Australian Defence Force, “effects based ofpena”,
Directorate of future warfighting concepts, diséosspaper,

This paper presents an approach to help crisis25 november 2003.

manager to increase their organizational
interoperability at process level in crisis sitoati The
anticipative effect-driven approach has to allow an
adaptation and a validation of collaborative predeg
anticipating potential effects of this one. This
adaptation and this validation has to lead to an
improvement of the interaction between objects
involved in the crisis in order to performed a
collaborative process perfectly adapted to copthéo
crisis.

The concepts of the approach are clearly identified
and a referential of rules is currently developedrider
to characterize the nature of the effects. Futuwekvs

concerned by the development of analyses rules thal

have to propose alternatives to managers and th

[11] H. Richardson, “MOE & EBO in HQ ARRC", slide
presentation, 21nd International Symposium on kit
Research, September 2004.

] A. W. Batschelet, “Effects-based operations:nAw
Operational Model?”, USAWC strategy research piojec
U.S. Army War College, Carlisle Barraccks, Pennagla,
U.S.A., 9 april 2002.

[13] Mann D. Hands on systematic innovatio€REAX
Press Editor, 2002.

[14] F. Benaben, C. Hanachi, L. Matthieu, P. Cougét
Chapurlat, “A Metamodel and its Ontology to Guidas®
Characterization and its Collaborative Management”,
proceedings of the 5th International Conference on
Information Systems for Crisis Response and Managém

15] J.- L. Le Moigne,La théorie du systeme générale —

%(ISCRAM), Washington, DC, USA, May 4-7, 2008

héorie de la modélisatignPresse Universitaire de France,

development of the resolution algorithm that has to 1977

allow the building of new collaborative process.
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