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Abstract

The successful application of advanced information technologies and
systems relies on a good understanding of the target organizational
environment. Modelling techniques are needed for expressing complex
social and organizational relationships and to help reason about them.
The i* modelling framework supports the modelling of strategic
relationships among organizational actors. Actors depend on each
other for goals to be achieved, tasks to be performed, and resources to
be furnished. Networks of strategic dependencies can be analyzed for
opportunities and vulnerabilities. Means-ends reasoning is used to
help explore alternatives. Examples at different levels of enterprise
modelling are given.

1 Introduction

The use of appropriate modelli ng techniques is crucia to the
success of complex systems. The vision of enterprise
integration is predicaed on the complex inter-working of many
human, organizational, and technologicd systems. Models for
enterprise integration therefore need to provide feaures that can
express complex organizational issues as well as technologica
ones, and to suppart their analysis and design reasoning.

Today's enterprise ewironment is a fast-paced one, with
frequent changes in business relationships and organizational
structures. Work processes are being redesigned on an ongoing
basis to adapt to changing conditions. Current techniques for
enterprise modelling cover a wide range of capabiliti es
[Vernadat97]. For example, in comprehensive frameworks sich
as CIMOSA or GERAM, the neead for modelling and analyzing
functional, informational, resource, and organizaional aspeds
are reaognized and supparted. While these models can provide
aquite daborate description of an enterprise a it exists (or asiit
should be, if the models are interpreted prescriptively), they do
not provide agoodway of describing or understanding why it is
(or should be) the way it is. Knowing the reasons behind the
adivities and structures of an enterprise is necessary for a
deeper understanding of how it operates, and for assssing its
strengths and weaknesses. This deeper understanding will al ow
an enterprise to be more aaptive and resilient, to be ale to
respond to exceptions and to acommodate departures from
establi shed routines, with adions direded at the achievement of
objedives. More significantly, having an explicit understanding
of the “whys’ can improve the aility of an enterprise to evolve
smocthly and swiftly. On the one hand, a successful enterprise
needs to be mnstantly looking out for better ways to achieve its
objedives, taking advantage of new technologies and methods.
On the other hand, it neeads to keep rethinking its objedives and
strategies to respond to external conditions, while making good
use of itsinternal resources and cgpabiliti es. To complement the

existing types of enterprise models, we need models that can
help remgnize oppatunities and vulnerabilities, explore
alternatives, assesstheir impli caions, make tradeoffs, and target
strategicdly significant issues.

The understanding of “whys’ can be a&sdsted by models that
explicitly represent and ded with goals. One way to understand
the structuring of a complex enterprise is in terms of a means-
ends hierarchy of goals [March58]. However, complex
organizaions typically do not have asingle set of coherent
goas. The goas of an organizaion nea to be tracal to the
goals of individua members and groups, and these ae shaped
by each other and by external forces. The atempt to model
goas in an enterprise amounts to mapping and analyzing the
complex web of strategic relationships among the many players
in an enterprise and in its environment.

In this paper, the i* modelling framework for supparting
strategic reasoning in organizations is described. Organizations
are viewed as consisting of semi-autonomous units cdled adors.
It is assumed that the behaviour of adors are not fully
controllable or predictable, but are regulated by social
relationships. Actors have freedom of adion within these social
congtraints. Most crucialy, adors depend on ead other for
goasto be atieved, tasks to be performed, and resources to be
furnished. By depending on someone dse, an ador may
adhieve goals that would atherwise be unachievable. However,
a dependency may bring along vulnerabilities snce it can fail
despite socia conventions such as commitments. The explicit
representation of goals alows the exploration of aternatives
through means-ends reasoning. A concept of softgoal based on
the notion of satisficingis used to provide aflexible interadive
style of reasoning.

2 Modeling Strategic Actor
Rationales -- thei* framework

Relationships and

The i* modelli ng framework consists of two types of models
— the Strategic Dependency (SD) model and the Strategic
Rationale (SR) model.

2.1 Modelling intentional relationships among strategic
actors—the Strategic Dependency model

The Strategic Dependency (SD) model is a graph, where eat
node represents an ador, and ead link between two adors
indicaes that one a¢or depends on the other for something in
order that the former may attain some goal. We cdl the
depending ador the depender, and the ador who is depended



upon the dependee The objed around which the dependency
relationship centres is cdled the dependum. An ador is an
adive ettity that caries out adions to adieve goals by
exercising its knowhow. In the SD model, the internal goals,
knowhow, and resources of an ador are not expli citly modell ed.
The focusison external relationships among adors.
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Figure 1: A Strategic Dependency model

Figure 1 shows an example of a Strategic Dependency model
representing a hypotheticd organization. It shows dependency
relationships among organizaional units such as marketing,
engineaing, production, and corporate management, as well as
with the astomer. Four types of dependencies are
distinguished. In a goal dependency, the depender depends on
the dependee to bring about a cetain state of affairs in the
world. The dependum is expressed as an assertional statement.
The dependee is free to, and is expeded to, make whatever
dedsions are neessary to achieve the goa (the dependum).
The depender does not care how the dependee goes about
adhieving the goal. For example, Marketing depends on
Engineeing to have aproduct designed. Engineeing hes the
freedom to choose how to dothe designing, as long as the goal
of getting the product designed is achieved.

In a task dependency, the depender depends on the dependee
to cary out an adivity. The dependum names a task which
spedfies how the task is to be performed, but not why. The
depender has already made dedsions about how the task isto be
performed. Engineaing depends on Production to produce the
product acording to some process described in terms of
adivities and sub-activities, and possbly constraints among
them, such as temporal precedence (The graphicd notation of
the model only names the tasks. The mntents of the tasks are
given in the symbdlic version of the model.) Note that a task
description in i* is not meant to be a @mplete spedficaion of

the steps required to execute the task. It is a mnstraint imposed
by the depender on the dependee The dependee till has
freedom of adion within these @nstraints. In the example,
Production's freedoms are dso constrained by the “Conform To
Design Specs’ dependency from Engineeing, as well as
dependencies from other adors.

In a resource dependency, the depender depends on the
dependee for the availability of an entity (physicd or
informational). By establishing this dependency, the depender
gains the aility to use this entity as a resource. A resource is
the finished product of some deliberation-adion process In a
resource dependency, it is assumed that there ae no open issues
to be aldressed o decisions to be made. For example,
Engineeing treas Product Concept as a resource from
Marketing, and the Customer treas the final Product from
Production as aresource

In a softgoal dependency, a depender depends on the
dependee to perform some task that meds a softgoal. A
softgoal is smilar to agoal except that the aiteria of success are
not sharply defined a priori. The meaning of the softgoal is
elaborated in terms of the methods that are chosen in the curse
of pursuing the goal. The depender deddes what constitutes
satisfadory attainment (“satisficing”, [Simon83]) of the goal,
but does 9 with the benefit of the dependees knowhow. Inthe
example organizaion, Profitability, Fast Development,
Manufadurability, and High Quality are issues negotiated
between the relevant adors. They are modelled as softgoal
dependencies. For example, Corporate Management’s softgoal
dependency on Marketing for Profitable Products indicaes that
Management chooses among the different ways which
Marketing believes can adieve profitable products.  If
Marketing is given the freedom to dedde, this relationship
would be modelled as a (hard-) goal dependency.

These dependency types are used to indicae the nature of
freedom and control in the relationship between two adors
regarding a dependum. The model also provides for three
degrees of strength of dependency: open (uncommitted),
committed, and critical. These gply independently on each
side of a dependency. These distinctions are described in
[Yu95a).

The SD mode is used to express the network of intentional,
strategic relationships among adors. These relationships are
intentional in that they ded with the desires, expedations, and
commitments among organizaiona players. They are dso
strategic in that they indicate the oppatunities that are avail able
for adors to take alvantage of — by making use of the abiliti es
of other adors, and at the same time, the vulnerabili ties that the
acdors will be exposed to, if the dependencies fail. Actors can
assss the desirability of alternate configurations of relationships
with other adors acording to what they consider to be
significant to them. The viability of a dependency can be
analyzed in terms of enforceability (Does the other ador depend
in return on me for something, diredly or indiredly?),
assurance (Are there other dependencies on that ador that
would reinforce my confidence in the success of that
dependency?), and insurance (Do | have badk-ups or second



sources in case of failure?). Strategic dependencies can be
analyzed in terms of loop and node patterns in the graph.
Examples have been givenin [Yu97H].

The generic concept of strategic ador outlined above can be
further differentiated into the mncepts of role, position, and
agent [YM94]. A role is an abstrad colledion of coherent
abiliti es and expedations. A position isa mlledion of roles that
are typicdly occupied by one agent. An agent is an ador that
has concrete manifestations such as human, hardware, or
software, or combinations thereof. Agents, roles, and pdasitions
may also be mmposed into aggregate adors.
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Figure 2: A SD model showing reward structure for improving
performance, based on an example in [ Majchrzak96]

Majchrzak et al [MW96] describes the importance of worker
and management mind-set in changing from functional
orientation to process orientation. They studied a number of
U.S. eledronics manufadurers to identify success fadors in
reengineaed processorganizaions. Their results indicated that
human, social, and organizaiona fadors were aiticd. One
example was the need to base rewards on unit or group
performance rather than on individual performance done.
Figure 2 shows how the successul reward structure of one
organizaion can be depicted in an SD model. The plant
operator — modelled as a position — covers the two roles of
Performing Task and Improving Performance. Performance is
identified by management as including individual performance,
group performance, plant performance and customer
satisfadion. All these components are reinforced by having
monthly bonuses tied to ead of them separately. Note that it is
the physicd agent — the human employee — who depends on

management for the boruses. In order for the workers to
effectively improve performance they need to have
performanceindicators avail able on each of these fronts. These
information neal to be acorate and up-to-the-minute, so that
workers can take orredive adion quickly. Management also
depends on performance information, but they can be in more
aggregate form for the purpose of monitoring and baus
cdculation. This example illustrates how the modelling of
human and organizational issues can lead to requirements on
information systems — bah functional requirements (e.g., what
kinds of information to colled and to send from whom to
whom) and non-functional requirements (acairacy, timeliness,
etc.).

The strategic and intentional nature of relationships with
external adors such as customers and suppliers can also be
highlighted and analyzed using i* modelling. For example,
IKEA'’s reliance on customers to dofinal assembly at home and
to dotheir own delivery involves not only changes in workflow,
but also new expedations on ead others' roles. In particular,
this arrangement would not work unless Ikeds products are eay
to aseemble and easily transportable by the customer (Figure 3).
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Figure 3: Some strategic dependencies between IKEA
and its customers

2.2 Modelling the reasoning behind strategic relationships —
the Strategic Rationale model

Whereas the Strategic Dependency model focuses on
relationships between adors, the Strategic Rationale (SR) model
provides suppart for modelli ng the reasoning of each ador about
its intentional relationships. The SR model is a graph whose
nodes are goals, tasks, resources, and softgoals. These may be
conneded by means-ends links or task-decompasition links. A
god may be @wciated, through means-ends links, with
multiple, alternative ways for achieving it, usually represented
as tasks. The means-ends links for softgoals, however, require
more differentiation becaise there can be various types of
contributions leading to a judgement of whether the softgoal is
sufficiently met (“satisficing’). These include make, break,
help, hurt, positive, negative, and, or, unknown, and equal
[Chung98][Mylopaulos92]. (In the graphicd notation of the
current prototype toadl in Figure 4, the first six contribution types
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Figure 4: A Strategic Rationale model of some reasoning behind relationships between IKEA and customers

are indicated as +sup, —sup, +sub, —sub, +, and -). Task-
decompasition links provide hierarchicd decomposition of tasks
into subtasks, subgoals, resources, and softgoals that make up
the task.

Figure 4 is an SR mode showing some of the reasoning
behind possble ways of operating a furniture business The
business is taken to consist of three parts — marketing,
manufaduring, and design and engineaing, modelled as three
roles. The overal task of marketing is decompaosed into three
subgoals. These subgoals can be met in different ways. A
conventional furniture store might advertise on television or in
newspapers about the dtradiveness of the store and its products.
Another way — central to the |kea oncept — is to dstribute
colourful caalogues widely so that they not only promote the
image of the store, but provide detailed product information to
help customers visualize their homes with seleded products
even before they visit the store. To adiieve the goa that
Products Be Sold, a mnventional store might hire sales people
to persuade astomers of their products desirability and
suitability to the austomers needs. Another way is smply to
provide detail ed information about products to enable customers
to make choices.

To get products transported to customers homes, the store
can offer a delivery service but then must med customers
desire for convenient delivery times snce someone needls to be
home to receve the delivery. Alternatively, the store can
promote the mncept of self delivery by the customer. From the
customer viewpoint, either Delivery By Store or Pick Up By
Self can meet the goal that the Product Be Transported Home.
Self Pick Up contributes positively to Lower Service Cost, and
also deddedly offers Quick Availability of the product at home.
For Self Pick Up to work, the product needs to be transportable
by the astomer. This is mething that can be offered by
Design and Engineaing. One gproach isto let the austomer do
the final assembly at home. This contributes to lower product
cost, which contributes to lower overall cost to the austomer.
Succesful home assembly, however, depends on clea
instructions and ease of asembly of the product.

Furthermore, it has been argued that self pick up and home
asembly increases stisfadion by giving customers a greder
sense of involvement in the process of setting up their home
environment [Normann93]. The success of the Ikea ©ncept is
attributed to aradicd rethinking o the dependency relationships
between furniture maker and furniture buyer. |keadepends on
its customers to perform two key tasks traditionally done for



customers — final assembly and transportation. The two tasks
are now shifted to the customer side, resulting in lower costs
and higher customer satisfadion. However, this shift is
workable only if accompanied by other requisite dependencies,
such as ease of asembly and transport. These issues can be
identified and analyzed using the SR model.

An SR model provides analysis in terms of notions of ability,
workability, and viability. It supparts the raising of issues, the
identification and exploration of alternatives, reagnition of
correlated issues (good and bad side-effeds), and the settling of
issues. Generic knowledge wdified in terms of methods and
rules provide semi-automatic suppat from a knowledge base.
An addtional component suppats the identificaion of
assumptions and their justification [Yu95q)].

3 Related Work and Discussion

Existing enterprise modelling languages are surveyed in
[Vernadat96] and [Vernadat97]. The need for a goal/objedive
construct was reaognized in [Smart97]. The Action Workflow
approach [Medina-Mora92] [ Schad97] also pays attention to the
satisfadion of “customers’, but does not analyze the network of
strategic relationships or asdstsin the exploration of alternatives
[Yu95h. The incorporation of i* into an overal enterprise
modelling framework such as CIMOSA is being investigated
[Petit97].

Unlike in most other enterprise modelling techniques, the SD
and SR models nead not be mmplete. For example, a task
decmposition does not need to exhaustively enumerate its
congtituents.  The purpose of the mode is to highlight
strategicdly significant elements and issues that would have a
beaing on choasing among alternatives from an ador’s point of
view.

Strategic modelling and analysis can be gplied at various
levelsin an enterprise. At the business processlevel, the various
adivity steps and their dependencies can be analyzed, not only
in terms of information and material flows and tempora
relationships, asis usually donein conventional models, but also
in terms of their strategic relevance to overall end-to-end
business process objedives [Yu96]. Strategic modelling that
explicitly deds with goals and motivations are espedally
important for understanding human and organizaional issues
[Yud7h. Degrees of freedom and control, discretion and
initiative, incentives and rewards -- these ae important fadors
that contribute to the success and fail ure of business process.

Strategic modelling at the individual and work group level
allows these issues to be eplicitly identified and reasoned
about. Strategic modelling and analysis applied to the
information systems requirements level would alow systems
dedsions to he related more dfedively to the goals of
stakeholders and businessobjedives[Yu974].

At the eterprise level, the strategic relationships among
different potential configurations of players in a value chain or
network can be modelled and analyzed. A producer considering
disintermediation by bypasdng distributors or retailers might
consider the roles played by these intermediaries and why they

have been effedive in the past, and to recognize emerging
opportunities.

As Internet tednologies and eledronic commerce
infrastructures become more established, many businesses are
reexamining their boundaries and relationships with their

customers, suppliers, and aher constituencies. The i* models
offer a systematic goproach for examining and analyzing these
relationships.

4 Conclusions and Ongoing Work

This paper has argued that modelling the intentional and
strategic relationships among organizational adors offers a way
for understanding and analyzing complex organizational issues.
The i* framework provides a set of concepts that complement
existing approaches to arganization modelling.

In this paper, the i* models have only been presented in terms
of a graphicd notation. The modelling framework is aso
suppated by the Telos modelling language which provides
knowledge base management fadlities, including structuring
medhanisms such as classification, generalization, aggregation
and time [Mylopaulos90]. A software tod to suppat i*

modellng and analysisis being constructed. The i* approach is
being tested in the field at a telecommunications company.
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