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Abstract

Information Systems (IS) has become one of thevahsible assets of modern organizations
where they play a critical role in supporting opgomal and decision processes.
Nevertheless, despite the large part of organirstioesources invested in information
technology, development of information systemsf&s many problems recognized in the
term “software crisis”. In order to reduce the eamic and social impacts of the software
crisis, one widely acknowledged approach has beemmiprove software processes and
software development methods supporting them. Nmless, as stressed by many authors,
such solutions of the software crisis are partimlancomplete and present many weaknesses
related to their technical orientation. In this p&Ep we present a decision-oriented model of
software engineering process that integrates th#isstakeholders nature of IS development,
maintenance and use and aims at improving wellbdisteed software process models. Our
framework models software engineering as nexusoisibns under uncertainty carried out
by many stakeholders who behave according to grateigent contracts.

Keywords: organizational actor, decision, contrammputer solution, project space
1 INTRODUCTION

With the ever-increasing penetration of informatteohnology into the daily functioning of
society, Information Systems (IS) has become onéhefmost valuable assets of modern
organizations where they play a critical role ipgorting operational and decision processes.
Indeed, modern organizations need IS which prothéen with instruments to leverage core
business competencies, accelerate innovation amel th market, improve cycle times and
decision making, strengthen organizational comnmimeand build sustainable competitive
advantage. Nevertheless, despite the large parorgénizations resources invested in
information technology, development of informatisgstems (IS) faces many problems
recognized in the term “software crisis” (Gibbs 4pgNeumann 1995) (Pressman 2004).
Among these problems are low developers produgti@tlarge number of software project
failures, an inadequate alignment of IS with bussneequirements, and user resistance.
Moreover, the “productivity paradox” (Solow 198 D€drick et al. 2003) which states that
the links between information technology and wltiédlar workers productivity have
historically been weak, is partly related to théwsare crisis.

In order to reduce the economic and social impaétshe software crisis, one widely
acknowledged approach has been to improve softprareesses and software development
methods supporting them. A software process mayidyeed as a nexus of development and
maintenance activities associated with the phasdabeo software lifecycle (Cugola et al.
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1998) (Osterweil et al. 2005). A software processlet is an abstract representation of a
process which presents a description of a process & particular perspective. The waterfall
model (Boehm 1976), the spiral model (Boehm 1988] the Rational Unified Process
(RUP) (Sommerville 2006) are examples of softwan@cess models. A software
development method provides systematic and prestkfijuidelines for carrying out at least
one complete activity of the software developmentess.

Nevertheless, as stressed by many authors, sudiiossl of the software crisis are partial and
incomplete and present many weaknesses relatdwitotéchnical orientation. In particular,
well-established processes and methods neglect mgmyrtant aspects of software notably
economic, organizational, and human aspects (AHdekd et al. 1991) (Boehm 1988)
(Fitzgerald 1996) (Fitzgerald 1998). To improvegi&lity, many academics have stressed the
multidimensional nature of IS and the multiplicity the organizational actors involved in
their development, maintenance, and use (Kling 1998/tinen 1987) (Toffolon et al. 2002).
According to these authors, situated software agveént processes and methods taking into
account all the aspects of software are requireduitd effective IS that meet modern
organizations needs. We think that modeling soffwangineering as a decision-intensive
process may help researchers and practitionersrstadd software complexity in order to
reduce the software crisis negative impacts. Is ffaper, we present a decision-oriented
model of software process that integrates the dioignsional and multi-stakeholders nature
of IS development, maintenance and use and ainmm@bving well-established software
process models. Our framework models software eeging as nexus of decisions under
uncertainty carried out by many stakeholders whbake according to principal-agent
contracts. It is based on the software global md@deffolon et al. 2002). The rest of this
paper is organized as follows. Section 2 presen¢éviaw of the literature related to decision
modeling in software engineering. In section 3, describe synthetically the theoretical
foundations of our framework. Section 4 is dedidate the detailed presentation of the
proposed framework. In section 5, we conclude ayoep by listing future research directions.

2 LITERATURE REVIEW

As stressed by many authors, decision-making isia@rdior guiding the development of IS
needed by modern organizations. (Davis et al. 1988pose a framework which provides
instruments for analyzing the similarities and elifnces among alternate life cycle models,
helping software engineering researchers descrithiegrobable impacts of a new life cycle
model; and supporting software practitioners de@dean appropriate life cycle model to
utilize on a particular project or in a particuggpplication area. (Cardenas-Garcia et al. 1991)
note that few models and fewer tools have beenldped to help the project manager in the
decision-making process supporting developmenvides. Such process permits aiding the
project managers in picking one design strategy awether and determining which design
will best meet management’s objectives with resgectost, schedule, and functionality.
Moreover, the decision-making is critical for pretivity improvement through software
reuse. Indeed, it helps the software project taaevaluating previously written components
in order to determine whether they meet users ourneeds, whether they need to be
modified, or whether they should be ignored ance@& momponent designed. These authors
propose a framework that addresses these issuedebgribing a design- evaluation
mechanism and a prototype implementation of thathmeism that can aid the software
manager in making such decisions. This framewodkuges an evaluation mechanism for
comparing design attributes with an underlyingitytifunction model for determining the
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appropriateness of software prototyping. (Toffo&dral. 2002) propose an evaluation method
of software prototyping which permits determinirige tvalue of information provided by
software prototyping and determine the optimal nemlof iterations associated with
prototypes development. (Davis 2003) analyses tbguirements triage process of
determining which requirements a software produmukd satisfy given the time and
resources available. He points out that among tbst important activities of this process is
the selection activity which consists in determgnin subset of requirements that optimizes
the probability of the software product’'s succes#s intended market, whether commercial
or internal, relative to the resource constraiitscording to (Sullivan et al. 1999), the
theories that support earlier approaches to softwagineering economics cannot account for
the value of flexibility since they are based oatistnet present value. They use real options
theory to build a framework within which they aredy software design concepts. This
framework interprets important design principlesreal options terms and discusses the
validity of the approach for software; impedimemds quantitative application; and how
qualitative options thinking can nevertheless impradesign decision-making. (Falessi et al.
2006) stress that individual and team decision-mgkiave crucial influence on the level of
success of every software project. They remarkekan though several studies were already
conducted, which concerned design decision ratodalcumentation approaches, a few of
them focused on performances and evaluated thdabanatory. To deal with this weakness
of existing studies, they propose a technique toudent design decision rationale, and
evaluate experimentally the impact such a technltpge on effectiveness and efficiency of
individual and team decision-making in presenceeqtiirement changes. The main results of
this study conducted as a controlled experimerawsthat, for both individual and team-
based decision-making, effectiveness significantiyproves, while efficiency remains
unaltered, when decision-makers are allowed to teber not use, the proposed design
rationale documentation technique. (Tockey 2005eoles that modern organizations do not
maximize the return on their investments in infotiora technology because most software
professionals do not know how to consider the mssraspects of their software decisions.
Many software professionals do not even know thaihgl so is important. This author
considers that business consequences should ptaitial role in all software technical
choices, from choosing which projects to do, selgcsoftware development processes,
choosing algorithms and data structures, all thg wadetermining how much testing is
enough.

These studies are examples of researchers andtipremts work related to the role of

decision-making in software engineering. They agiest to be effective, the software

development process must be supported by a deqgsmress. Nevertheless, despite their
important contribution to the software engineerdigcipline, they are of limited scope since
they do not take into account the organizationadl @ane human aspects of software
engineering.

3 THEORETICAL FOUNDATIONS

According to the Leavitt's model modified by (Stokt al. 1992), an organization is
composed of five interconnected elements (structiaigks, people, production technology,
IT) which interact with environment (Figure 1).
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Figure 1: The Leavitt Model

This model provides us with a static view of orgaions. In order to take into account the
behavioral aspects of the organization’s componéftsfolon 1996) improve this model by
using the economic agency theory (Alchian et alf2)9and the transaction costs theory
(Coase 1937) (Williamson 1981) to describe therimtttion flows sent and received by the
organizational entities. She identified three categ of organizational entities (actors,
resources, tasks) which exchange three types ofndtion flows related to decisions,
contracts and products. The organization's actoes pgople involved in operational or
decision-making processes. They are either prodocesonsumer of goods and services
within the organization. Actors are linked by orgational contracts related to goods and
services and information flows exchanged. Theyraseurces to carry out the organization's
business processes composed of tasks. Resourcestlae technology or organizational
structure (rules, protocols,...).

Well known definitions of IS often stress their haccal aspects while neglecting totally or
partly their organizational, social and economigeatss. To take into account the main aspects
of IS, we consider their role in supporting modenganizations operational and decision
processes. According to the model presented prsliowarrying out contracts linking
organizational actors is strongly dependent onrinédgion they exchange. IS may be viewed
as a set of tools providing information needed byganizational actors to carry out
operational and business processes related tothagplay within organization. In particular,
at least three aspects must be considered whilgzama IS. These aspects include actors
concerned by IS, businesses exercised by theses artd relationships between them. In that
way, the economic agency theory permits identifydnganizational actors concerned with IS
and assimilating relationships between them torectd. Therefore IS are governed by a
nexus of informational contracts linking organipatl actors with conflicting interests and
points of view. At a given time, each organizatioaator plays the role of consumer
(principal) or producer (agent) of goods and s&wignder the contracts which link him to the
other organizational actors. The transaction cosbry permits identifying businesses and
tasks of actors involved in IS development and sethe basis of this theory, (Toffolon et
al. 2002) identified four types of actors assodadth four businesses: the customer, the
architect, the developer and the end-user. Eaclanaational actor involved in IS
development or use performs contracts linking orthe other organizational actors within a
specific project space where he plays the princip#. The four spaces associated with
organizational actors businesses are:
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O The problem spacewhere are defined the customers and users probdestheir
organizational solutions. This space representsultomer’s business.

® The solution or architectural spacewhere are defined the computer solutions of the
customer/user’s problems. This space representrthéect’s business.

© The construction spacewhere these solutions are implemented. This spgmesents
the developer’s business.

® The operation spacewhere are evaluated the software’s usability fribia user’s
perspective as well as its contribution to the orgation’s competitiveness. This space
represents the end user’s business.

An organizational may have two categories of rolpsoducer (agent) or consumer
(principal) of software artifacts. A role played by organizational actor in one of the four
spaces is either principal or secondary. In eaeleespt is possible that there are many actors
assuming secondary roles, but there can be onlyoogenizational actor involved in a
principal role; moreover, an actor can play a sdaoyrole in many spaces, but a principal
role only in one (every actor plays the principalerin some space). According to (Toffolon
et al. 2002),

* In the problem space, the customer plays the gahaiole while the user and the
architect play secondary roles.
* In the solution (architectural) space, the archif@ays the principal role while the
customer and the developer play secondary roles.
* In the construction space, the principal role iaypd by the developer and the
secondary roles are played by the architect andrideuser.
* In the operation space, the principal role is piialgg the user and the secondary roles
are played by the developer and the customer.
According to the software engineering global mogetsented in the previous section,
software engineering refers to the set of actisit@arried out by organizational actors
concerned with computerization while realizing agerontracts linking them, in order to
build software solutions. Software engineering takéace at two levels: horizontal (inter-
spaces) level and vertical (intra-spaces) levek Marizontal level is concerned with those
activities related to transitions between two prbgpaces and results in exchange of software
artifacts by actors who play principal roles in @pace. Activities realized at the horizontal
level depend on outputs issued from software eeging activities belonging to the vertical
level and carried out within each project spacee fitrrizontal software engineering activities
take place according to an iterative process dasegnby the acronym RACO » (Problem-
Architecture€onstruction©peration): the definition of a computer solution @n
organizational problem permits the transition frdme problem space to the solution space,
the implementation of this solution expresses thasition from the solution space to the
construction space, the installation of the sofewartifacts built in the construction space
results in the transition from this space to therapion space, the description of problems and
needs generated by the use of the software indtpemits the transition from the operation
space to the problem space. The human interfaceebattwo spaces is carried out by the
project’s actors who play a principal role at omtehese two spaces. The vertical software
engineering activities are based on process moekied to organizational context, technical
maturity, and know-how within each project spacer Fexample, vertical software
engineering in the construction space may be stggpdry a mix of many process models like
the waterfall model, the spiral model, the protatgplifecycle, and agile processes. The
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vertical software engineering activities are eitpesject management activities or software
development activities.

4 THE DECISION-ORIENTED MODEL OF SOFTWARE ENGINEERING
PROCESSES

Computerization consists in providing computer-baselutions to support organizations
operational and decision processes. Such soluaomsomposed of three parts: hardware,
networks and software artifacts (specifications,deis, programs, documentation) called
software solution and issued from the software bgreent process. Software engineering is
the conduct of software process that is, applyiegms to produce and maintain a solution to
a real-world problem in the software domain. Sofevangineering has been defined by many
authors and institutions (Nauer et al. 1969) (IE&f# 610.12-1990) (Pressman 2004). In
particular, (IEEE Std 610.12-1990) defines softwargineering as “the application of a
systematic, disciplined, quantifiable approacht® development, operation, and maintenance
of software”, that is, the application of enginegrito software. According to (Pressman
2004), software is composed of three parts: insbms, data structures and documents.
Instructions are computer programs that when egecyirovide desired function and
performance. Data structures enable the programadémuately manipulate information.
Documents describe the operation and use of thgrgms. Software can also be seen as an
interface between the problem space and the complmtethe rest of this section, we
demonstrate why decision-making is inherent in esaftware engineering activity prior to
presenting a decision-oriented model of this disugp

4.1 The Decision-Oriented Nature of Software Engineerig Activities

At each iteration of thePACQO) process, an organizational actor is linked by agency
contracts to the organizational actors who playsdary roles within his own space. He is
the principal part of one contract and the agent pkthe other contract. For example, the
architect is the principal part of the agency cacirlinking him to the developer who
implements the computer solution architecture engblution space. By another way, he is the
agent part of the agency contract linking him te ttustomer who asks him to define a
computer solution in order to support a businesegss. Besides, each organizational actor
transforms a set of software artifacts (inputs)réeeived from a principal and delivers the
transformed software artifacts (outputs) to an agéro will transform it again according to
the software development process. Each softwarneesgng activity includes decisional and
operational tasks. In particular, horizontal softsveengineering activities and vertical
software engineering activities related to projeeinagement are decision-intensive while the
proportion of decision tasks in vertical softwargimeering related to software development
activities increases with level of the lifecycleage to which they belong. Besides, upper
vertical software engineering activities are moeeision-oriented than lower ones. Indeed,
information needed to accomplish upper verticatvgafe engineering activities is often ill-
structured, incomplete, uncertain and originatesnfrmany internal and external sources.
Information needed to accomplish lower softwareimegying activities is often structured,
complete, and originates from technical well-kncsaurces. Horizontal software engineering
activities and vertical upper vertical software ieegring activities rely in a great part upon
tacit knowledge while vertical lower software erggning activities uses detailed explicit
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knowledge. For example, project planning is a safevengineering management activity
while requirements engineering is a vertical upgmtware development activity. These two
activities are decision-intensive software engimgeactivities. Project planning consists in
developing a project plan which includes definimgject goals and objectives, specifying
tasks or how goals will be achieved and what resssiare needed, and associating budgets
and timelines for completion. Project planning ised of vertical software engineering tasks
accomplished before starting the software developraetivities. At this stage, there is not
enough information to support fine-grained effomdaduration estimation and help
organizational actors reason about the cost anetlsitd implications of their computerization
objectives. To deal with uncertainty resulting fréeak of information, the project manager
usually negotiates cost/schedule/quality tradewfise setting project budgets and schedules.
Consequently, project planning is a decision-intensactivity. Requirements engineering
follows project planning and may be consideredheslieginning of software development
activities. This activity is difficult to realizedesause of the immaterial nature of software
artifacts. Moreover, at this stage little is knowbout the final software product under
consideration and communication between the soét\ywasblem side (the problem space) and
the software solution side (the solution spacejtisn difficult. Therefore, software architects
who define the computer solution usually build ptgpes to resolve high-risk issues
involving user interfaces, software and systemrauaton, performance, or technological
maturity. Such prototypes, needed to reduce uringrténherent in these issues, provide
information to determine alternative options refate global and detailed architectures and
support the software architects in deciding whahémost appropriate option and making a
decision to move forward with development. By ameothvay, information provided by
software prototyping activities induces more comiijewhich makes the software project
more difficult to achieve and manage. Indeed, mafermation related to the end-users
requirements may increase software artifacts caxitglen particular when such information
describes more needs and constraints. This initeneases software project complexity. On
the one hand, more complex tasks are often neematkvelop more complex software
artifacts. On the other hand, more information @bsnftware requirements may increase
pressures on software engineering management tegiviFigure 2 illustrates the tradeoff
between complexity and uncertainty associated software prototyping activity.
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Figure 2: The tradeoff between uncertainty, compfeand information

Generally, the reduction and the control of suaomplexity is associated with a decision-
intensive activity which consists in estimating traue of information issued from software
prototyping activity, and determining the optimainmber of iterations during the prototyping
process (Toffolon et al. 2002). Figure 3 presentseta-model activities which illustrates that
software engineering is a nexus of intertwined,coorent and mutually supportive decision
and operational activities. In the next sub-sec¢tar describe synthetically the decision-
making behavior of the organizational actors inedlvin software artifacts development,
maintenance, and use.

Figure 3: Software engineering activities metamodel
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4.2 The Decision-Making Behavior of Software Engineerig Stakeholders

According to (Toffolon et al. 2002), software enggning is a nexus of contracts between the
stakeholders of the future software product undaretbpment. During the progress of the
software engineering process, these stakeholdér@vbeas decision-makers in an uncertain
universe of discourse. As stressed by (Sullivaal.e1999), the software engineering process
and the software artifacts issued from this pro@sphasize structural concerns instead of
value-added ones. These authors analyze the seftragineering discipline through three
issues: the process, the product, and the timingoaimitments to design decisions. They
demonstrate that decisions criteria associated writicess and product are largely structural
while criteria related to the timing of commitmenmdsdesign decisions rely on informal rules
of thumbs. According to these authors, the strattutecision-making criteria do not
constitute the best foundations of the decisionintakprocess supporting the software
processes. Instead, they argue that value addesbftware engineering is a more useful
foundation of the decision-making behavior of tleenputerization stakeholders. Since value
added by software engineering results from fleiibito make risky decisions related to
software artifacts development, maintenance and flesability is modeled as a real option
which consists in the right without an obligatiennhake an investment contingent on a future
outcome. Despite we agree with these authors omdh&ibution of real options theory to
understanding of the decision-making process thpparts software engineering, we think
that a deeper analysis of decisions related tovaodt engineering is needed. This analysis
which consists in determining the nature and theaitteristics of such decisions, is based on
the concept of essential and accidental charattsrisf software engineering (Brooks 1987).
Complexity and risk are examples of essential dtarstics of software engineering while
uncertainty and complication are examples of actalecharacteristics of this discipline. The
effectiveness of software engineering relies omt@agement of the essential characteristics
and the reduction of the accidentals charactesisiimpacts. For example, software
engineering risks is managed while uncertaintyeduced. Risk management consists in
analysis and evaluation of software risks and seleof the most appropriate preventive and
curative actions to avoid their potential lossebefé are many approaches that permits
uncertainty reduction. Software informative profohg is an example of such an approach.
In the same way, there are many development appesaand methods aimed at managing
software engineering complexity. Such methods #herestructured (e.g. SA/SD), systemic
(e.g. MERISE), or object-oriented (e.g. OOSE, OMIR).order to take into account the
essential or accidental nature of software engingecharacteristics, we distinguish two
categories of decisions: decisions to manage eabehtracteristics and decisions to reduce
the negative impacts of accidental characterist8sce uncertainty is the most important
accidental characteristic which pervades softwaggneering, we restrict the second category
of decisions to those decisions aimed at unceytagduction. The differences between these
two categories of decisions are important. Firdtig, value of decisions belonging to the first
category result from flexibility provided by thecemd category. Indeed, either building a
computer solution or developing an informative ptgping are irreversible decisions.
Nevertheless, since an informative prototype ctests than a complete software system, it
may be helpful to wait and gather more informatibrough prototyping before developing
the final computer system. Secondly, decisions anage essential characteristics of software
engineering take place in a risky universe of disse. Therefore, they differ from decisions
to reduce uncertainty which, by their nature, aeglenin uncertain universe of discourse. The
relationships between decisions to manage essat#hcteristics of software engineering
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and flexibility suggests that using real optionedty to model such decisions may help
capturing the value added by these kind of decssi®y another way, using real options is
not appropriate to model decisions related to reédooof uncertainty inherent in software
engineering. Indeed, the value added by such desiss not related to flexibility but to the
value brought by the investment in acquiring infatimn permitting to move from uncertain
states of nature to risky states of nature. Besidesisions to reduce uncertainty are often
considered as a prior stage that precedes decigiomsnage software engineering essential
characteristics. For instance, the Boehm’s spiradeh (Boehm 1988) recommends software
prototyping to reduce uncertainty inherent in saftsvengineering, prior to software solution
building. At a micro-level, the decision-making pess which supports software engineering
may be modeled as follows: at a given period, agamizational actor involved in
computerization may make a decision to manage angabk characteristic of software
engineering or a decision to reduce uncertaintye THEber decision permits moving from an
uncertain universe of discourse to a risky univeskeliscourse and results in at least one
decision to manage essential characteristics. B@ample, at the first period, user
requirements are generally composed of completel-umelerstood requirements and
imprecise requirements. To take into account ther leategory of requirements in a future
version of a computer solution, a software engimeay proceed by building immediately a
new component to implement well-understood requaeisiand an informative prototype to
reduce uncertainty inherent in less-understood irequents. Well-understood requirements
increase the software solution complexity and tglement them relies on a decision to
manage essential characteristics of software eagige By another way, prototyping less-
understood requirements results in a new flow df-wederstood requirements that may be
implemented by the future version of the compututson. The following decision tree
(Figure 4) illustrates the progress of the softwerrgineering decision process. As we stressed
previously, each organizational actor plays eitherrole of a principal or the role of an agent
in the two agency contracts linking him to the arigational actors who play a secondary role
within its own space. For example, the architeayplthe principal role in the solution while
the customer and the developer play secondary iolékis space. On the one hand, the
architect is the agent part of the agency contmaking him to the customer who asks him to
define a computer solution in order to support aitess process. On the other hand, the
architect is the principal part of the agency cacirlinking him to the developer who
implements the computer solution architecture ie tholution space. Besides, each
organizational actor transforms a set of softwatiaats (inputs) he received from a principal
and delivers the transformed software artifactg(ois) to an agent who will accomplish
further transformations prescribed by the softwdeelopment process. The following
decision tree (Figure 4) illustrates the progrefsthe software engineering decision process
during a iteration. It represents the decision-mgkiehavior of an organizational actor who
contributes to computer solution construction btiracin its own space. According to this
schema, the contribution of an organizational nel§etplace either in a risky universe of
discourse or in an uncertain universe of discouBesides, as a decision-maker, each
organizational actor selects one of the followingians: cancel his contribution to the
software project, solve immediately the problemrsitted by an organizational actor who
plays the principal role, or wait in order to gatineore information about this problem and
solve it later. Solving the submitted problem naakes place within a risky universe of
discourse while gathering more information takeacel within an uncertain universe of
discourse. Information gathered allows organizaiaactors to move from the later to the
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former universe of discourse where they may detidbuild or buy the most appropriate
solution of the problem to be solved.

Risky universe of discourse Uncertain universe of idcourse

Wait and gather information
Cancel

Develop
a solution

informative
prototyping

Use alternative

Figure 4: the software engineering decision tree
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The following table (Figure 5) presents syntheticéhe main decisions made by the four
types of organizational actors involved in the wafte development process.

Organizatio Project Decisions made Decisions made (Risky universe
nal actor space (uncertain universe of of discourse)
discourse)
Customer | Problem * Freeze system » Gather information by
space specifications prototyping uncertain
immediately requirements
* Wait and build systeme Gather information by
specification later alternative means
Architect Solution » Define immediately |+ Gather information by
space the computer solutior)  prototyping uncertain aspects
* Wait and define of software architecture
software architecture
later
» Buy or build in-house
Developer |Construction s Implement * Gather information by
space immediately the prototyping uncertain aspects
software solution related to implementation

* Wait and implement
later the software

solution
End user Operation |« Use immediately the |» Get more information through
space software system training
* Wait for training » Get more information through
before using the communities of practice

software system
» Ask for a new version
now
* Wait until identifying
all the use problems

Figure 5: Organizational actors decisions

5 CONCLUSION AND FUTURE RESEARCH DIRECTIONS

In this paper, we have presented a decision-odemiedel of software process that integrates
the multi-stakeholders nature of IS developmene @tvantages of this framework may be
summarized as follows. Firstly, it models softwargineering as a nexus of agency contracts
between organizational actors. Secondly, it steedbat at each iteration of the software
engineering process, an organizational behavegredh principal or as an agent while
carrying out the agency contracts linking him tos actors who play a secondary role in his
own project space. Finally, this framework dematsts that the contribution of each
organizational actor to a software project is teigggl by two categories of decisions related to
the management of software essential and accidehtabcteristics. Decisions to manage
accidental characteristics are sources of value@despite they may result in more complex
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software systems by adding an amount of informatiiobe processed. On the one hand, they
help understanding stakeholders requirements. @nother hand, they make decisions to

manage essential characteristics more flexible. ¢éd@w further work has to be accomplished

to evaluate the value-added by flexible softwargireeering decisions and analyze the impact
of the information gathered on the decision-malkdogtext. These impacts may be important

and result in modifications of set of states oinatand heir probability distribution.
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