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1 INTRODUCTION

As the underlying cause of many risks, complexstydientified as a crucial issue within the field of
project management. However, there is still a awarsial debate about what complexity really is.
Several factors seem to be drivers of project cerigl, but little is known about them. Complexity i
itself complex and many authors emphasize thantatte should be paid to define clearly the kind of
complexity being managed. We believe that projeetfggmance is closely related to project
complexity management. Consequently, once cleafiyneld, project complexity should be accurately
measured in order to drive more efficiently projesimplexity management. It should also be kept in
mind throughout the reading of this paper that demity can have both a negative influence on
project performance and a positive influence orjgatooutcomes (since properties emerging from
complexity can create new opportunities). As a eqagnce, project complexity management should
not consist in reducing or avoiding it but in maining it in a good range.

In this paper, we first focus on three differenpexds of complexity: definitions of complexity and
project complexity, existing models of project cdexity, and existing measures of complexity and
project complexity. We then argue that it can beleled through an interactions model between the
different elements constituting the project systévie do believe that by defining those objects,rthei
attributes and their interrelations through systsmive are able to model project complexity. Atfirs
model was tested in partnership with PSA Peugemb@&i and proved to be helpful. This paper also
aims at refining this model into a new model nam¢®E and finally gives perspectives on how it
will be further developed to enable its users tiindea project complexity measure and link it more
efficiently with project performance, so that thegn finally lessen the number and impact of thiesris
and problems emerging from complexity.

2 BACKGROUND

2.1 Project complexity and project performance

Project management is in essence complex, andefitf@aspects of complexity have to be dealt with:
on one hand, projects are complex entities, antherother hand, the management activity is also
complex. Focusing first on the management aspecgtuist be kept in mind that management is
composed of decisions and activities made by pedpdse decisions being made at a given instant to
reach an objective in the future. Once made, asterichanges the states of the elements it impacts
and thus the state of the project itself, targetiripal state for the project (composed of theeotiyes

of the project). The difference between the tadjstate and the reached state basically accounts fo
the project performance. It should also be kephiimd that every management decision is relative to
context which is the known present situation (rsgifrom the past decisions) and that the ainhis t
decision is to reach the future objective, whichmisre or less correctly defined and more or less
stable. This overall decisions chaining determitles trajectories of the evolution of the project
system and thus determines the final reached (sthieh determines the overall project performance).
This complexity of the management activity is rfw bnly complexity that has to be dealt with when
talking about project management complexity: onediao to focus on the project system complexity.
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Before focusing on the project system complexitg, give some information on the link between
project management performance and the project imtiugt are used to manage the project.

Indeed, we argue that project management perforenencelated to the project model complexity,
stating that the project model should reach a lolegel of complexity (so that there is enough
interaction and enough emergence to have good tppkes) without reaching a upper level of
complexity (so that unnecessary complexity resgltmhigh risks is avoided) in order to create more
value by a good interactions and interfaces managemroject management performance, functions
of project model complexity, is strongly likely bave an optimum, as shown Bigure 1

Project Management
Performance
/ Optimum
Thrashold to reach
\WJ Froject Model
Complexity
Complexity range

{target to reach)

Figure 1. Project management performance, functions of project model complexity

This can be easily understood through a simple pl@anthe one of the level of detail of the work
breakdown structure. If the work breakdown strugtisr not extensive enough, the project may have
been weakly decomposed and work packages not fyapefined: as a consequence, work packages
might be in fact decomposed in sub-tasks that matdeen defined by the project manager and the
self-organization resulting from this absence dhiés likely to affect badly project performand@n

the contrary, if the work breakdown structure is éxtensive, the decomposition may be too complex
to be effectively used as interactions and intati@hs between work packages may be too numerous
to be properly managed. There is likely to be ttugee a range of extensiveness for the work
breakdown structure that would be proper for a esgfl project management. In this case, a
complexity measure and a complexity scale of tlogept model that is the work breakdown structure
(projection of the project on a tasks axis) couklphproject managers to assess the potential
effectiveness and efficiency of their work breakdostructure. That is why many researchers tried to
build different kinds of complexity measures toesssthe potential effectiveness and efficiency of
different models of projects. In order to underdtéimose different aspects of the problem, the three
next paragraphs focus on definitions of project plaxity, existing models of project complexity and
existing measures of project complexity.

2.2 Definitions of project complexity

There is actually no consensus about what complexitCalinescu and al. [1] argue that “the reasons
for the lack of a universal modelling framework mfnufacturing complexity include the variety,
dynamism, and uncertainty of the sources of coniiglend on the relationships between them”. The
difficulty in defining complexity is mainly reducedhrough the definition of key drivers of
complexity. But defining those key drivers is notsemple thing to do, in the field of project
management as well as in other domains. Indeedettidovers depend on the environment and context
of the project. Sinha and al. [2] insist on thet flbat “when modelling the complexity of the design
process it is first essential to determine the exit(work context, time context, motivational cert
and social context). They also underline that therence again a lack of consensus on project
complexity drivers and that little is known abobgtinterrelations between those drivers. Project
complexity is therefore difficult to define as a ol in generality.

ICED’07/515 2



That is why several authors try to express profohplexity as composed of different kinds of
complexity, so that they can define more easily depects and drivers of those kinds of project
complexity. For instance, David Baccarini [3] ex@® project complexity as the association of
organisational complexity (number of hierarchi@ldls, the degree of interaction between the projec
organisational elements, etc...) and technologicaigtexity (number and diversity of inputs/outputs,
number of interdependencies between tasks, etcefiping those two kinds of complexity through
the concepts of differentiation and interdependef@tych a distinction enables project managers to
manage complexity more efficiently since they cansbme extent simplify their complexity
management approach by distinguishing the kindbofaexity being managed.

However, Edmonds [4] tries to define complexitygeneral as the “property of a model which makes
it difficult to formulate its overall behaviour ia given language, even when given reasonably
complete information about its atomic components @ueir inter-relations”. This definition, which is
quite appropriate to encompass all the aspectsapéqt complexity, emphasises that complexity is
generally relative to the way the project systerm@lelled. This definition indeed underlines that a
absolutea priori definition of the complexity of a system cannotgdeen though complexity may be a
property of it: the complexity of a system is gellgr characterised through a model of this system.
Consequently, measuring project complexity requih@$ one is able to define a general measure of
this characteristic that would be independent ef pihoject model, otherwise the so-called project
complexity measure is in fact a project model caxrijpy measure.

However, project complexity has to be managed eiémere is no definitive definition of project
complexity. Williams [5] insists on the fact thawtat are needed, then, are new ways of looking at
modern, complex projects, new models and techriioquanalysing them, new methods for managing
them”. In order to manage project complexity, ajgcbmanager must be able to understand and deal
with the underlying phenomena of project complexityd project dynamics although it is impossible
to have precise and complete information on a ptoj a given moment (which makes decision-
making never easy and always uncertain). For attpral purposes, a good project manager first
identifies a generad priori framework for the project (that for instance eesahhim to estimate the
project risks within this framework) but he is awahat unpredictable phenomena (for instance
unpredicted risks) are very likely to appear. Tdicipate them, complexity should ke priori
measured and modelled so that complexity managemdactilitated. Important steps in a project
complexity management plan should be for examplepriori complexity measure and model
definition, identification of irreducible projectomplexity (closely linked to the emergence of new
properties and to unpredictable consequences aadopiena) and manageable project complexity
(closely linked to predictable consequences anchgiena), definition of a manageable project
complexity management plan, practical project mansnt and project complexity management,
capitalisation of this complexity management exgrage. Irreducible and reducible complexity should
be correctly identified thanks to a good complexieasure and model definition, the project
manager’s experience, the project management ryatirithe firm, etc...As a consequence, this
paper reviews in the forthcoming paragraph theditee on project complexity models.

2.3 Existing models of project complexity

In this paragraph, we give several models that h@emn elaborated by different researchers in dcder
model project complexity. As shown dfigure 2 our literature review underlined two different
approaches to deal with project complexity. Thetfane focuses on the project system structure: by
modelling it, researchers intend to assess prajaciplexity thanks to a better understanding of the
project structure model complexity. The second oomesists in a twisted approach by focusing on
some issues of project management (such as thecprsgheduling problem) and considering the
complexity of those issues as an assessment aggbropmplexity. As we intend to understand the
fundamental phenomena of project complexity, weugoon the first approach of project complexity
assessing and modelling from now on.
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Figure 2. Project complexity modeling through project structure or project issues

Laurikkala and al. [6] aim at describing how thengbexity of large industrial projects models can be
reduced. To reach this objective, they design aetliad tool for industrial use. They compute their
model in a distributed and networked informatiosteyn named Simo that proved to be helpful as it
was notably very visual and easy to use. It mardysists of business, resource and product
modelling. This information system aims at modegjlthe project through all its lifecycle and testing
some scenarios such as “alternative and new wayspévate”. The greatest breakthrough of this
model is that it permits to vary the level detailhnodelling: it therefore enables a project manéiger
concentrate on the most critical issues of theeptd]...] whereas less important information can be
modelled roughly or left out altogether”. Laurikkahnd al. argue that modelling at different levels
enables one to reduce complexity for all practigatposes since unnecessary guesswork can be
considerably reduced. However, the model aimsduaieag complexity and giving the possibility to
reduce the level of detail when one wants to dout,there seems to be no complexity scale dedmiti
and above all no willingness to reach a complevdtyge target for the model that could be the optima
one for the project.

As for them, Earl and al. [7] define a complexitydel that makes a distinction between time-
dependent and time-independent (static structuprarfesses) complexity. They aim at modelling the
complexity of design processes thanks to the iotienas among multiple product developments. They
insist on the fact that “this interaction cannot dided through decomposition and dependency
reduction since it provides the mechanism througficlwknowledge and experience are used”. These
interactions must indeed be modelled since theseaictions management is likely to be the greatest
source of value creation during the project. Thedehas defined thanks to the modelling of
connectivities thanks to multidimensional networksen though the model is based upon multiple
product development projects, it can easily beradad to a single product development project. They
then define the difference between the original glexity of the model (time-independent) and the
dynamic complexity of the model when values of ittadels are likely to change and therefore create
flows between elements of the model. They finatlyua that the information measures of complexity
can help setting an ideal design complexity level.

As for them, Eppinger and al. [8] or Carrascosa&n{P] use design structure matrices to creatk ta
models for complex projects and processes. Eppiagdral. [8] compared some existing design
representation techniques. They argue that usingerigal design structure matrices contributes to a
clear understanding of the complex interactions taam occur during design projects. Indeed, more
than just a mathematical tool, matrices are a wayidualise the structure of the design activity by
mapping (in a precise order) and quantifying theerielations between tasks. Interactions,
interdependencies (and notably critical dependehcee thus explicit and one can easily see for
instance at a glance which tasks can be performgaurallel. The numerical design structure matrix
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also helps to quantify both the level of informatihat is exchanged between tasks and the sehsitivi
of each task to uncertainty (incomplete informatiorhe matrix format is also convenient to define
complexity numerical measures and complexity ranggectives or targets since calculations are
likely to become easier. Carrascosa and al. [9joelte a model based on design structure matrices
(with their property of capturing the interactiobstween tasks) that can assess the probability and
level of completion of a project, given the projecimplexity. They model complexity by assessing
the impact of a change on a task and thus assegmngropagation of this change thanks to the
definition of task states and task states tramsstid his framework characterises both “the uncetyai

in the definition of the information and the impaift changes in the development process” and is
consequently a tool to assess to some extent pagewlexity. Although these model bases on design
structure matrices are powerful, they are only dasetasks that are only parts of the project syste
Indeed, design structure matrices model projectptexity thanks to tasks and their interrelations bu
some part of project complexity is therefore absetiis model.

2.4 Existing measures of project complexity
This paragraph aims at giving a brief review onlttezature on complexity measures defined within
the field of project management or that can bersldd to the field of project management. Several
authors tried to define complexity measures in otdeexplain project failures, to identify intrieat
situations, etc... Whatever the complexity meassirene must be able to define a list of critehatt
can be used to assess if it is good or not. Latviaito [10] proposes several criteria in his resba
report such as validity, reliability, computabilitgase of implementation and intuitiveness.

Our methodology for the literature review on projeamplexity measures was the following. We first

reviewed the literature to list existing complexibgasures. We insist on the fact that, as explained

Figure 2 we intended to focus on project structural comipfeeven if some other complexity

measures do exist (for example computational coxitige such as the complexity of the project

sequencing problem studied by Akileswaran andldl],[etc...) The works of Edmonds [4], Latva-

Koivisto [10] and Nassar and al. [12] were the madsis of this list (about fifty complexity meassire

globally listed). In his thesis, Edmonds [4] id&etl formulations and measures of complexity,

working on a large scope of fields and applicatioAs for him, Latva-Koivisto [10] reviewed
complexity measures to assess the structural caitplef business processes, arguing that the
complexity of business processes could be asse$sedgh the conversion of process charts

(composed of activities, dependencies, informatiows, material flows and control flows) to graphs

[13], giving the example of the resource-constrdipmject scheduling problem. The interested reader

should directly refer to these three referencesnfiore information on complexity measures and

formulations. We then tried to refine the list tharto the criteria cited hereinbefore. We finally
selected four complexity measures that appear tpdventially appropriate in the field of project
management.

. The coefficient of network complexity (CNC) definbg Kaimann [14] applies to both PERT
neworks and precedence networks. In the case off Rielworks, the CNC is equal to the
quotient of activities squared divided by eventse TNC, thanks to a very simple and intuitive
definition is a good complexity measure to catoh skructural complexity of systems that are
modelled thanks to graphs. However, some countemgbes have shown that some graphs and
networks were sharing the same CNC but were vdfgrdnt considering their easiness to be
managed.

. The cyclomatic number defined by Temperley [15fgithe number of independent cycles in a
graph. The equation calculation the cyclomatic neimis equation (1) (S is the cyclomatic
number, A is the number of arcs and N is the nurobandes).

S=A-N+1 (2)

. The traditional static entropic measurement of dexify by the Shannon information [4] based
on the probability of receiving a message (see temud2) where p() is the probability of
receiving a message;)n The Shannon information is also a complexity soea since
information and disorder are strongly related.

Sha = -X'log; (p(n)) @)
. Arguing that complexity measures such as CNC aggerfact since they take redundant arcs
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into account and therefore show that the systemoise complex than it actually is, Nassar and
al. [12] define a measure for project schedulderims of the connectivity of the activities. This
measure is expressed as a percentage that giveledgnee of interrelationships between the
activities in a schedule. Once again, attentionukhde paid to the fact that this measure
depends on the level of detail of the schedulet, ihto say the level of detail of the model.
This complexity measure is the following equati@hfor an AON project network.

Cn = 100 x (Log(a/(n-1))/Log[(fr1)/4(n-1)])% if n is odd
Cn = 100 x (Log(a/(n-1))/Log[ff4(n-1)])% if n is even 3)

In the following sections, we detail our researdsjeotives, methodology and results and focus
particularly on how we try to be exhaustive ondiféerent aspects of project complexity.

3 RESEARCH METHODOLOGY

3.1 Objectives of this research work

This research work aims at modelling and assessingplexity in the field of project management. In

order to model project complexity, the results stoneet some requirements:

. the definition of a standardised referential thakes any kind of confusion vanish when talking
about the elements of the project system.

. the construction of a model of the project systhat permits an easier visualisation of project
structural complexity;

. the possibility for the model to visualise morei@éntly local interactions and interfaces in
order to manage them best;

. the possibility for the model to assess the immdich change or of an event considering the
propagation phenomenon into the project system.

In order to be the basis for a project complexigasure to be as helpful as possible for complexity

management, the model should be conceived withmsibd the sight of the criteria that a good

complexity measure should meet.

3.2 Methodology

The herein mentioned steps have been successoliglywéd in order to carry out our research:

. A literature review in the fields of complex systestiences, complexity, project management,
design management and systemics.

. A systemic analysis that enabled us to define adstalised referential for project structure

definition.

. The definition of the project complexity model téla to the standardised framework formerly
described.

. The computation of the model in a software protetyp

. A test phase in the context of several industniajgets.

. The refining of the project complexity model thartksthe results of the test phase, recent
research work and systemics.

. The computation of this new model and the assati&st phase.

. The definition of a project complexity measure tkgato the model that has been built.

At the time of the writing of this paper, the firsik bullets have been performed. The next section
aims at presenting the results of theses phasms oésearch work.

4 FINDINGS

4.1 The 3*7 model

A model of the project system has been develop6H This model, named 3*7 describes the project
system as composed of elements of three differi@wisk objects, attributes and links (SEsble J).
Attributes are the characteristics and parametdrdan describe the state of on object. Links lage t
possible relations between two objects within traget system.

ICED’07/515 6



Table 1. The 3*7 framework

* 3 (categories : objects, attributes, links)

O1 - Project Al - QCD parameters L1 — Hierarchical link

02 Objective A2 - Advancement | L2 —Contribution link

O3 - Deliverable A3 — Internal decision| L3 — Proximity link
7 (components in each 04 - Activity A4 - Description L4 — Sequential link
category) O5 - Actor A5 — Allocated L5 — Influence link
resources
06 — Process A6 — Triggering event| L6 — Resource link
O7 — External decisior A7 — Ratio L7 — Exchange link
Added Value / Risk

This model, defined partially thanks to systemit3][ aims at modelling and managing project
complexity as it enables people to define and desalearly the elements of the project system and
their relations. Where there was sometimes somfusiam and lack of agreement on the definition of
all the elements that were involved in a projeuwtré is now a general framework and a standardised
structure that creates consensus within the prdgmt. The model permits to visualise project
complexity by giving at a global level an overdéiar vision of the structure of the project system.

But the most important breakthrough is that the eh@ilves at a local level a better vision of ak th
interactions that exist in the environment of abyeot within the project systenfrigure 3. Indeed,

the 3*7 model makes available to any project teaember all the information about the properties,
attributes and environment of an element of thgeptsystem, whatever the nature of the element and
the nature of the project are. As a consequenemk#hto this model, one can navigate from an
element A of the project system to a connected e (which means those there is a link between
A and B), the properties, attributes and envirorineénwhich are also described thanks to the model.
Therefore the consequences of a change or anyiate@a an element A can be understood more
efficiently by having a clear vision on the impads this change or decision on the elements
connected to A. The negative aspects of projectpbexity are thus reduced since one comprehends
more the consequences of the evolution of an eleaighe project for its other elements.

E— — "\
7.

Global lack of understanding Local gain of understanding
Gilobal mode! with every efement of only one kind Local model focusing on only one given elerment
Elements of onfy one kind linked fo any given element Elements of every kind finked to the given element
Only one kind of link Links of every kind
=> l ack of understanding of interactions and complexity => Gain of understanding of local inferactions and
complexity

Figure 3. From a global lack of understanding to a local gain of understanding [16]
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The model has been computed in a software protohgreed ICARE performed and tested in
partnership with PSA Peugeot Citroén on some auiom@rojects of their progress plan [16], [18].
This proved to be helpful and the industrial addellie on the projects was notably to make visible
some formerly non-formalised information thanksthe identification of the interactions between
objects (and therefore of the interrelations betweeople). For all practical purposes, this pesditt
greater information sharing between project tearmbers, especially between geographically farther
team members: this model, as a practical represemtaf the relevance to exchange information,
encourages the dissemination of it.

As a whole, the model appears to be a supportrijeqt complexity management since it improves
interactions and interfaces management. Howeverthaeght that some aspects of this model could
be improved: for instance, the QCD parameters statiof only one attribute; external decision and
internal decision were not classified in the samtegory although the mechanisms are to some extent
similar. And above all, the 3*7 model does noteeflthe dynamics of the project as it permits to
model the project at a given time under the comdltiof this given time. We think that the project
system complex evolution can be better modelledkbdo the improvement of the 3*7 model by
refining the 3*7 standardised referential with iarticular the introduction of a new category of
elements: events.

4.2 The evolution towards the ALOE model

Recent research works have indeed motivated umpooive the 3*7 model by the elaboration of an
updated model, named ALOE (Attributes, Links, Otge&vents). In this paragraph, we discuss the
changes we made between the 3*7 model and the AhGdel and how these changes impact project
complexity modelling.

First, the most significant change is the creatiba new category: events. Events can be eithézavil
(in which case they are internal or external deais) or unwilled (in which case they are intermal o
external risks). Events can have both positive @spend a negative influence not only on objects of
the system by changing their attributes or by tleation/destruction of new/past objects, but also o
links (and their corresponding operators). Eveats lee characterised by their probability and déte o
apparition (probability for a risk to occur, proliap for a decision to be made, date of a decision
etc...) and their impacts are defined thanks to dpesaNote that for instance, once made, the date o
decision is known for sure and its probability bmes equal to 1.

When computing this model, we must leave the opdst for the user of the model to add new
events in the system (events that spontaneouslgaapps a consequence of emergence). This
possibility has two major objectives. First, wheneav event emerges, the user can add it in the Imode
and directly have a better understanding of theachpf this emergence for the whole project system.
Furthermore, in order to anticipate the emergeriagnpredictable events, one can use the model to
simulate the possible apparition of events of alKihescribed by some families of operators) during
the project. As events are a new category, theeiesifinternal decision”, “external decision”, ‘kis

and “triggering event” are no longer part of théegaries attributes, links or objects in the ALOE
model.

The proximity link does not exist anymore in the@E model: as the proximity between two objects
is a property mainly leading to the reuse of sonpedence and is therefore a property that makes an
object influence another one, we thought that logimity link was very similar to the influence kn

that is why we only kept the last one in the ALOEd®I.

Similarly, the resource link defined in the 3*7 mebdvas defined to link to objects if they were
sharing resources. We argue that this link is ot feery similar to the exchange link (defined i th
3*7 model as information exchange, that is to saynaterial exchange) since sharing resources is
equivalent to exchanging resources at differenesiniresource exchange, that is to say material
exchange): that is why we only kept the exchangk iln the ALOE model (exchange can be both
immaterial or material).

Finally, other changes have been made in the abgatégory to be even clearer in the structuréef t
model (an actor is considered as a resource, aohget “other project within the firm” appears to
tackle multi-project complexity, etc)..

The final structure of the ALOE model is given hieren Table 2 This structure is all the more
interesting that is it remains stable during theleton of the project whatever the phase of trgqmt

is.
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Table 2. The ALOE framework

Attributes Links Objects Events
Quality Hierarchical Link Objective Internal de@si
Cost Contribution Link Deliverable External decrsio
(Duration, Start Date) Sequential Link Activity émhal risk
Advancement Influence Link Resource External risk
Description Exchange Link Other project within
the firm
Allocated resources
Added value

5 CONCLUSIONS AND PERSPECTIVES

Complexity has undoubtedly to be managed in ordaeach a great level of project performance.
Managing complexity does not mean avoiding it @lu@ng it at all costs: on the contrary, a good
project manager should be able to manage comp]dsatyping at every time a project between an
upper and a lower level of complexity. To help pabtjmanagers reach this complexity range, efficient
complexity models and measures have to be elalbrateanks to our literature review, systemic
analysis and successive stages of refining, we haea able to define a standardised referential tha
brings consensus by clearing the definition of skreicture of any project. Moreover, this general
framework helped us to define a model that is hlfgfr complexity management as it enlightens all
the interfaces and interactions that exist betweagmy object of the project. By clearing the siimt
and a local level and thus giving a better visibthe propagation of a change by navigating through
the model at local levels, one can comprehend nhorg project complexity influences project
evolution and thus project performance. One shooltked be able to reach objectives more
efficiently as he can both assess the impact diiam@e or of any decision and simulate different
scenarios of evolution (with or without emergenteamnpredictable events).

Some work is still to be done on the ALOE model. d&fining more accurately the attributes of the
objects and the operators of the links and thetsyéy computing the model and testing it on sdvera
projects, we aim at refining the ALOE model andeasing the propagation of a change cause by an
event within the system. As a consequence, we aimssessing more efficiently the evolution of the
project system and the impact of changes (staji@aiat a given time, semi-dynamic impact through
the use of discrete events). After this test plaaskthe use of its results, we believe that the BLO
model is likely to be the conceptual basis of d fooproject managers so that they can visualigk a
therefore manage more efficiently their project ptewrity (notably in terms of interactions and
propagation). Finally, we do believe that the AL®I&del can also be a basis to define a complexity
measure by adapting some complexity measures we wii¢la in paragraph 2.2. since it meets the
criteria that are necessary to define a complaxidasure. Developing this complexity measure (and
the associated complexity scale and range tanggiadallel with the final development of the ALOE
model is our last perspective, so that the projectplexity management tool we aim at developing
meets our requirements.
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