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Abstract
Increasingly, information systems development occurs in the context of existing systems and established organizational processes. Viewing organizational and system components as cooperating agents
offers a way of understanding their inter-relationships
and how these relationships would or should be altered as new systems are introduced. In this paper,
we show how two agent-oriented frameworks can be
used in combination during requirements engineering
for cooperative information systems. The ALBERT language is used to specify requirements, in terms of states
and actions, and information and perception. The 
framework is used to understand and redesign organizational processes, in terms of strategic relationships
and rationales. A small banking example is used to
illustrate how the requirements process may iterate between the two levels of modelling and analysis towards
a requirements specification.

1 Introduction
Increasingly, information systems development occurs
in the context of existing systems and established organizational processes. For example, the development of
systems to support a banking-by-phone service would
have to take into account existing systems that store
and process customer information and account transactions. These systems engage in processes that involve
customers and bank employees (managers, tellers, accountants, etc.), which together constitute an organizational configuration that makes a banking service
possible, and at some desired levels of availability, security, and quality of service. Cooperation among the
many “agents” — whether they be human or computerbased — is crucial in order to attain these organizational
goals.
Information systems can be viewed as being cooperative to the extent that they contribute to the achievement of organizational goals. In determining requirements for cooperative information systems, it is necessary to have an understanding of the organizational
environment and goals, so that the resulting systems
(which may be already existing, or to be developed)
will work together with human agents to achieve overall goals (such as a phone-banking service that is viable
from the customer’s and the bank viewpoints). To support the development of cooperative information sys-

tems, we need models and frameworks that recognize
that agents in distributed, dynamic organizations typically have limited knowledge about each other, and
may have conflicting or complementary goals.
In the past decade, requirements modelling frameworks have been developed to assist in the understanding and specification of systems and their environments
(e.g., [Bubenko, 1980; Borgida et al., 1985; Dubois
et al., 1988]). More recently, goal-oriented frameworks for requirements engineering involving multiple agents have been developed (e.g., [Feather, 1987;
Dubois, 1989; Fickas et al., 1992; Dardenne et al.,
1993; Bubenko, 1983; Yu, 1995a]). In such frameworks, goals are either (i) associated with a set of
constraints which describe restrictions on the behavior
desired of the system (and that should result from the
interleaving of the behaviors of the different system’s
components) or (ii) associated with organizational and
business rules allowing to analyze the rationale underlying a system’s architecture. We draw on this line of
research to further develop requirements engineering
techniques for cooperative systems.
Our contention is that a single conception of agent
as embedded in a particular modelling framework may
not be adequate to deal with the different types of analyses and reasoning that are needed during requirements
engineering. Traditionally, requirements are usually
taken to be specificational — as prescribing what systems should do. However, to understand and characterize the cooperative aspects of multi-agent systems,
we need models that can express and help reason about
why agents do what they do. Languages designed for
prescribing agent behaviour are not well-suited for describing competing or complementary interests among
agents, or for reasoning about strategic implications,
such as those resulting from failure to adhere to prescriptive specifications.
In this paper, we view the requirements engineering effort as consisting of two levels — a specificational level which prescribes what agents should do or
know, and an “understanding” level which describes
why agents relate to each other in a certain way, and
why they might prefer some other configuration of relationships. Adopting a two-levelled approach allows
each level to offer agent concepts that are appropriate
for that level of modelling and reasoning. We show
how the two levels can work together to achieve better
understanding of systems and their organizational en-

vironments, and to come up with system requirements.
The ALBERT language1 [Dubois et al., 1993a; Dubois
et al., 1994a; Dubois et al., 1994b] has been designed
for specifying the (primarily functional) requirements
of distributed real-time systems. Agents have states
and actions. They are constrained in terms of obligations, information and perception. From an ALBERT
specification, one can determine whether certain desired properties are satisfied. Agents cooperate by
giving each other information about their own state
of knowledge. ALBERT offers a higher-level view than
earlier requirements languages (such as ERAE [Dubois
et al., 1986] or RML [Greenspan, 1984]) through the
use of agent-oriented concepts such as knowledge and
obligation.
The  framework2 [Yu, 1995a] is used to obtain an
understanding about organizational relationships and
the rationales behind them. Agents have wants and
abilities. They depend on each other for goals to be
achieved, tasks to be performed, and resources to be
furnished. A model of strategic dependencies among
agents can be analyzed for opportunities and vulnerabilities. A model of strategic rationales can assist in
the search for alternative configurations of organizational relationships that can better address the strategic
interests of agents, for example, by introducing information systems.   offers a more open and strategic
conception of agents than other goal-oriented requirements frameworks (e.g., [Dardenne et al., 1993]).
We use the  models to support the generation and
evaluation of organizational alternatives, and the ALBERT language to produce a requirements specification document for system development. As organizational requirements change (in the  models), they
need to be reflected in the functional requirements (the
ALBERT specification). Elaboration of the functional
requirements may reveal further organizational issues
that need to be addressed, resulting in an iterative process of refinement of the organizational and functional
requirements. We anticipate that this iterative process
would lead to a more systematic and thorough examination of organizational issues and system specifications
than if either framework were used on its own.
As a running example in this paper, we consider a
bank whose existing banking systems have been designed with the assumption that customers visit bank
branches to conduct their business (i.e., a customer
gives a transfer request to a teller, who validates it
by verifying the identity of the customer; if it is OK,
the teller transmits the transfer request to the account
handler subsystem which processes it providing that
balance of the customer’s account permits it). Within
that context, we envisage that the bank wishes to offer
“banking-by-phone” as a new service. In order to decide what changes to the banking systems are required,
we use  to obtain an understanding of the organiza1
ALBERT stands for Agent-oriented Language for Building and Eliciting Real-Time requirements.
2
The name  (pronounced i-star) refers to the notion of
distributed intentionality among cooperative agents.

tional and business environment — for example, that
customers would like to be able to transfer funds more
quickly and more conveniently, but are also concerned
about security. Using means-ends reasoning in  , a
PIN code (personal identification number) is proposed
as a way to address the security goal. At the ALBERT
level, one discovers that a PIN code does not offer
security if the code is also known to other agents. Returning to the  models, we add the organizational
requirement that customers be committed to keeping
the PIN code confidential. These new requirements
lead to changes to system requirements at the ALBERT
level, which may in turn have further implications at
the organization model level. The example is pedagogical and is meant to be suggestive of the much
more complex sets of issues typically found in actual
situations.
In Section 2, we briefly review the main features of
ALBERT and  , using the traditional banking-by-teller
arrangement as the example. Section 3 shows how the
two levels of modelling work together to obtain system requirements for introducing a banking-by-phone
service. In Section 4 we discuss our approach and compare with related work. We conclude in Section 5 with
some observations about the implications of our approach, and outline some avenues for future research.

2 Features of ALBERT and i*
In this section, we review the main concepts of ALBERT
and  and we illustrate their use through the bank case
study. The example is necessarily greatly simplified
and does not reflect the complexity of real banking. It
is only used here to illustrate the basic concepts of our
approach.

2.1 Specifying requirements using the
ALBERT language
The ALBERT language supports the modelling of functional requirements in terms of a collection (or society) of agents interacting together in order to provide
services necessary for the organization. Each agent
is characterized by actions that change or maintain its
own state of knowledge about the external world and/or
the states of other agents. Such actions are performed
by agents in order to discharge contractual obligations
expressed in terms of internal and cooperation constraints.
In ALBERT, functional requirements are expressed in
terms of a set of formal statements in typed temporal
first order formulas. The language has a formal semantics expressed in terms of RT-OSL [Böhm et al., 1993]
(a specific real-time temporal logic enriched with the
concept of object), and supports the encoding of requirements in both declarative and operational styles
[Dubois et al., 1994b].
In order to enhance readability, a specification is organized into units called agents. Logical statements
are grouped around agents in order to define the set of
admissible behaviours (or lives) they may experience.
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Figure 1: Structure of the Bank System
Logical statements describing an agent are classified
into categories, each corresponding to a pattern of property. Such pattern provides guidance in the elicitation
and structuring of requirements 3 .
The language4 is made up of (i) a graphical component in terms of which is declared the vocabulary of the
application to be considered and (ii) a textual component in terms of which the specification of the admissible behaviours of agents is constrained through logical
formulas. The Declarations and Constraints components of the banking-by-teller example are shown in
Fig. 1 and 2 respectively.
Declarations
The Declarations component consists of a description of the general structure of the composite system
in terms of agents as well as of the structure of each
individual agent.
A specification consists of a collection of agents.
Our small example (see Fig. 1) consists of three agents:
AccHandler (declared as an individual agent), Customer and Teller (each declared as a population).
The declaration part of an agent consists of the description of its state structure (i.e. the memory of the
agent) and the list of actions which may happen during
the life of the agent and which may change the state
of the agent. State components (graphically depicted
with rectangles) are typed and actions (graphically depicted with ovals) can have typed arguments. Types
may vary from simple data types to complex data types
(recursively built using predefined type constructors).
In the example (see Fig. 1), the state of the AccHandler agent is structured into two tables (resp. Accounts
and Balances). The index of the Balances table is of
type ACC(ount) and the elements of type INT(eger).
The AccHandler may perform two kinds of actions:
Credit and Debit. Both have two arguments: the first
3

The usefulness of such patterns was also previously identified in the RML language [Greenspan et al., 1986] built on
top of first order logic
4
For a detailed presentation of ALBERT, see [Dubois et
al., 1994b].

of type ACC and the second of type INT.
In addition, the graphical notation also expresses
visibility relationships linking agents to the outside.
Dotted lines on Fig. 1 show how agents make information visible to other agents, e.g., the Account table of
the AccHandler agent is exported to the Teller agent;
on the contrary, the Balances table is shown to no other
agents. Dotted lines also show how agents influence
each others’ behaviour through exportation of actions,
e.g., the AccHandler agent is influenced by the Transfer
actions of the Teller agent.
Constraints
Constraints are used for pruning the (usually) infinite
set of possible lives associated with the agents of a
composite system. The life of an agent is (usually) an
infinite alternating sequence of changes (occurrences
of actions) and states values. An admissible life will
respect:
1. local constraints related to the internal behaviour
of the agent;
2. cooperation constraints defining how the agent
interacts with other agents.
Local constraints are classified under four headings.
The use of two of them is illustrated in the example.
Effects of Actions The effect of an action is expressed
through its functional characterization in terms of
a mathematical relationship between successive
information states (see, on Fig. 2, the effects of
the Credit and Debit actions)
Causalities among Actions. Action triggering is usually ensured through ECA (Event-Condition-Action) rules, i.e., at any moment, when an event
occurs if a condition on the current state is met,
then the action happens. In ALBERT, this rather
operational style of specification is supported (see
below) but a more declarative style also permits
to keep track of action occurrences and of specific causalities among them (see, on Fig. 2, the
illustration of this concept of process).
Finally, there are two other available headings not
used in the example. Under the Capability heading, we describe ECA rules. Besides the circumstances under which an action should or should not
occur, the ALBERT language also introduces a more
non-deterministic characterization where an action is
said to be permitted under some circumstances (i.e.
may or may not happen). This permits to express
easily a statement like “the AccHandler may decide
to close the account of a customer when it is in the
red”. This non-determinism is very important to be
captured at the requirements engineering level where
we are concerned with modelling real-world aspects.
Under the State Behaviour heading, it is permitted to
express properties related to the historical sequence of
information states. For example, a statement like “a
customer’s account cannot be in the red for more than

AccHandler
LOCAL CONSTRAINTS
EFFECTS OF ACTIONS
Credit(a,n): Balances[a] = Balances[a]+n
The account a is credited with amount n

Debit(a,n): Balances[a] = Balances[a]–n
The account a is debited by amount n

CAUSALITY

tlr.Transfer(a1,a2,n)  

1

Debit(a1,n); Credit(a2,n)

A transfer order should be followed within
at most 1 day, by the corresponding
credit and debit operations.

COOPERATION CONSTRAINTS
ACTION
PERCEPTION


( tlr.Transfer(a, ,n) / Balances[a]  n–$2000 )

A transfer order is processed by the AccHandler
if and only if the resulting balance of the
customer’s account does not reach more than a
$2000 overdraft.
STATE
 INFORMATION
( Accounts.TELLER / TRUE )
The Accounts table is always shown to all Tellers.

Customer
COOPERATION CONSTRAINTS
ACTION
INFORMATION


( Transfer( , ).TELLER / TRUE )
In any situation, the customer send his/her
transfer orders to a Teller.

Teller
LOCAL CONSTRAINTS
CAUSALITY
c.TransferR(a,n) 

Transfer(AccHandler.Accounts[c],a,n)

A valid transfer request from the Customer is
echoed by a transfer order sent to the AccHandler.

COOPERATION CONSTRAINTS
STATE
 PERCEPTION

( AccHandler.Accounts / TRUE )
The Pbs can always consult the Accounts table
maintained by the AccHandler.
ACTION PERCEPTION



( c.TransferR(a,n) / c  DOM(AccHandler.Accounts) )

A transfer request is valid if and only if
the customer has an account at the bank.
The Teller knows the identity of the customer
responsible for the transfer.
ACTION
INFORMATION

( Transfer( , , ).AccHandler / TRUE )
In any situation, the Pbs send his transfer
orders to the AccHandler.

Figure 2: Constraints on the AccHandler, the Customer
and the Teller agents

1 month” could be straight-forwardly mapped in an
equivalent formal ALBERT statement.
Cooperation constraints are classified under four
headings describing how an agent perceives action per-

formed by other agents (Action Perception), how it
can see parts of the state of other agents (State Perception), how it lets other agents know of the actions
that it does (Action Information) and how it show
parts of its state to other agents (State Information).
Perception and information provide the analyst a way
to add a dynamic dimension to the importation and
exportation relationships between agents expressed in
the declaration part of the specification. The headings
are illustrated on Fig. 2, e.g., the Action perception
constraint of the AccHandler specification defines the
conditions under which the AccHandler agent is influenced by Transfer actions of the Teller (in this case, if
and only if the transfer will not cause an overdraft of
more than $2000).

2.2 Understanding Organizational
Relationships Using i*
When redesigning systems to meet new requirements,
we usually need to have a broad understanding of the
organizational environment and goals, leading to decisions about what changes to make, and which components can remain.
The   framework provides understanding of the
“why” by modelling organizational relationships that
underlie system requirements. Agents are taken to
have goals, and use knowhow and resources in their attempts to achieve goals. The framework includes two
models. In the Strategic Dependency model, agents
are modelled as depending on each other for goals to
be achieved, tasks to be performed, and resources to be
furnished. In the Strategic Rationale model, the reasoning that each agent has about its relationships with
other agents are described. It supports reasoning about
alternative ways for meeting goals, and for evaluating
them. Agents are strategic in that they are concerned
about opportunities and vulnerabilities.
The framework is intended to assist in gaining a
deeper understanding about the organizational environment, help explore alternative patterns of relationships
(among software, hardware and human components),
to discover the implications of these alternatives for
each agent, and to help make tradeoff among the alternatives.
The framework has been presented earlier in the
context of information systems requirements engineering [Yu, 1993], business process reengineering [Yu et
al., 1994a], and software process modelling [Yu et al.,
1994b].
2.2.1 The Strategic Dependency Model
Figure 3 shows a Strategic Dependency model of
the banking-by-teller example. The basic relationship
is that a Customer depends on the Bank to have funds
transferred from account a1 to a2. The Customer also
depends on the bank for the transfer operation to be
secure, namely, that only he himself (the owner of
the account) can initiate a transfer. The unit in the
bank which does the transfer — the account handler
— depends on the (human) teller to verify the identity
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Figure 3: A Strategic Dependency model of bankingby-teller

that acknowledges that organizational actors are often
able to cope with open-ended situations (such as exceptions) without fully pre-planned activity steps[Yu,
1995b]. The  models are formally represented in
the conceptual modelling language Telos [Mylopoulos et al., 1990] and their semantics are characterized
by adapting formulations of intentional concepts such
as goal, belief, ability, and commitment (e.g., [Cohen et al., 1990]). The underlying conceptual modelling framework allows large amounts of knowledge
to be managed along knowledge structuring dimensions such as classification, generalization, aggregation, and time in order to deal with large scale real-life
application domains.
2.2.2 The Strategic Rationale Model

of the customer. To accomplish this, the teller depends
on the physical presence of the customer in the bank.
The SD model provides four types of dependency
links. In a goal dependency, one agent depends on
another to bring about a condition in the world — for
example, that funds be transferred from one account to
another). The depender does not care in what way the
dependee accomplishes the condition.
In a task dependency, the depender tells the dependee
what to do by specifying how. For example, if the
account handler specifies the steps that the teller should
go through in verifying customer identity, it would be
a task-dependency.
In a resource dependency, the depender depends on
the availability of an entity as a resource, e.g., (the
physical presence of) the customer.
A softgoal dependency is similar to a goal dependency except that the condition is not sharply defined
a priori. What is “secure” is a matter of interpretation.
While the bank may provide measures for security, it
is the customer who decides whether they are secure
enough for his purposes.
The SD model provides for different degrees of
strength of dependency: open, committed, and critical
[Yu, 1995a]. The model can also distinguish agents
from the roles that they play and the positions that they
occupy. In this paper, we will limit our examples to
the basic features.
The SD model can be analyzed in terms of opportunities and vulnerabilities. The funds transfer facility
offered by the bank enables a customer to, say, cover
a cheque using funds from another account. However,
in depending on the bank to carry out the transfer, if the
bank fails to transfer the funds properly, the customer
is vulnerable to the failure, potentially resulting in an
overdraft in his account. Agents who are depended on
often in turn depend on other agents. The customer’s
dependency for transfer of funds (and its security) further involves a dependency on the teller to identify
the customer, which in turn depends on the physical
presence of the customer (see Fig. 3).
Modelling organizational processes in terms of intentional dependencies provides a level of description

Whereas the Strategic Dependency model gives an
external view of how agents depend on each other,
the Strategic Rationale model gives a more detailed
description of the rationales behind the dependencies. One can answer “why” questions more precisely.
There are two main types of relationships — meansends relationships and task decompositions.
Figure 4 shows that the customer has as a goal that
funds be transferred. The means for achieving this end
is the task “Request Transfer At Bank”. A means-ends
relationships suggests that there can be other means
for achieving the same end. We show this in the next
section. The task of requesting transfer at bank can be
further detailed by decomposing it into the subtasks of
visiting the bank, and then requesting the transfer in
person at the teller.
In transferring funds, the customer also has a number of quality goals (or softgoals) that are desired. He
wants the transfer to be secure, quick, convenient, and
that the service be friendly. Different ways of transferring funds (i.e., different organizational configurations)
may be evaluated as contributing positively or negatively to these goals. In Fig. 4, requesting a transfer at
the bank is considered to be good for security, and is
good in friendly service. However, having to visit the
bank is bad from a convenience standpoint. It is also
negative for quickness, for example, due to long lineups at the teller. Softgoals may be correlated with each
other. For example, quick service is considered to have
a positive contribution to convenience. In general the
softgoals form a graph, and their mutual influences can
be evaluated by using a qualitative reasoning scheme
(e.g., [Chung, 1993]).
These relationships provide a representation of the
rationales because they explain why the dependencies
are arranged in a given configuration. When there are
alternatives, the softgoals also serve as evaluation criteria. These rationales can also help in coming up with
new alternatives for achieving goals (i.e., addressing
the strategic interests of the various stakeholders).
Note that the models (SD and SR) are usually incomplete; only items of strategic concern are included
in the model (i.e., items that are considered to make a
difference in choosing one configuration over another).
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Figure 4: A Strategic Rationale model for banking-by-teller
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Figure 5: A Strategic Rationale model of banking-by-phone as an alternative to banking-by-teller

3 From Organizational
Alternatives to System
Requirements
In the above, we have shown how  provides an understanding of the organizational relationships in a business domain, while ALBERT is used to specify system
requirements. By coupling the two frameworks, one
can gain confidence in the ALBERT specifications by

linking each fragment of the ALBERT specification to
the fulfillment of some organizational goals in the  
models. Given some organizational goals, the process
of obtaining system (functional) requirements is usually far from straight-forward. Typically, one would
need to go back and forth between organization modelling and system requirements because issues discovered in one level will need to be looked at from the
other level. This section shows how the  framework
and the ALBERT language can be used in conjunction

to assist in this process.
Figure 5 shows an initial attempt at considering
banking-by-phone as an alternative to conventional
teller-based banking. A goal of the bank is to be profitable. One way is to increase market share by attracting more business and customers. To do this, banking
services should be convenient for the customer. One
way to make transfer of funds more convenient is to
allow customers to do it over the telephone. From
the customer’s viewpoint, banking-by-phone is seen
to be quicker and more convenient, although it is less
user-friendly. A PIN code is proposed as a means
for meeting the goal that the customer be identified in
phone banking. The Strategic Dependency model for
the proposed banking-by-phone configuration is shown
in Fig. 6.
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LOCAL CONSTRAINTS
EFFECTS OF ACTIONS
Credit(a,n): Balances[a] = Balances[a]+n
The account a is credited of a n amount

Debit(a,n): Balances[a] = Balances[a]–n
The account a is debited of a n amount

CAUSALITY

Pbs.Transfer(a1,a2,n)  

1

Debit(a1,n); Credit(a2,n)

A transfer order should be followed within
at most 1 day, by the corresponding credit
and debit operations.

COOPERATION CONSTRAINTS
ACTION
PERCEPTION


( Pbs.Transfer(a, ,n) / Balances[a]  n–$2000 )

A transfer order from the Pbs is processed
by the BankIS if and only if the resulting balance
of the customer’s account does not
reach more than a $2000 overdraft.
STATE
 INFORMATION
( Accounts.Pbs / TRUE )
The Accounts table is always shown to the Pbs.

Customer

D

D

AccHandler

D

Phone
Banking
System

D

Figure 6: A Strategic Dependency model of bankingby-phone
At the ALBERT level, Fig. 7 shows the new system
structure and Fig. 8 shows the system requirements
specification produced in response to the organizational
goals identified above. In particular, at the level of the
‘Customer’ and ‘Pbs’ agents level, one may notice
several changes with respect to the original bankingby-teller system (see Fig. 2). These changes pertain to

COOPERATION CONSTRAINTS
ACTION
INFORMATION


( TransferR( , , , ).Pbs / TRUE )
In any situation, the customer send his/her
transfer requests to the Pbs.
He/she validates the transfer with his/her PIN code.

Pbs
LOCAL CONSTRAINTS
CAUSALITY
c.TransferR( ,a1,a2,n) 

Transfer(a1,a2,n)

A valid transfer request from the Customer is
echoed by a transfer order sent to the AccHandler.

COOPERATION CONSTRAINTS
STATE
 PERCEPTION

( BankIS.Accounts / TRUE )
The Pbs can always consult the Accounts table
maintained by the AccHandler.
ACTION PERCEPTION

Bank System
AccHandler
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Debit

ACC

Credit

INT

Accounts
CUSTOMER

ACC

INT

Code

Balances
ACC

ACC

PIN

INT

TransferR

( .TransferR(p,a, ,n) /  c, Code[c]=p

BankIS.Accounts[c]=a )

A transfer request is valid if and only if
the PIN code corresponds to the owner of
the account to be debited.
ACTION
INFORMATION

( Transfer( , , ).AccHandler / TRUE
In any situation, the Pbs send his transfer
orders to the AccHandler.

)

Pbs
Transfer

Codes
CUSTOMER

PIN

INT

ACC ACC

PIN

Figure 8: Constraints on the AccHandler, the Customer
and the Pbs agents (revised version)

ACC INT
ACC

Figure 7: Structure of the Bank System (revised version)

the responsibilities of customers for communicating a
PIN code information and of the ‘Pbs’ for discovering
the identity of the customer on the basis of the PIN

code knowledge.
At this stage in the requirements process, the analyst
still has to question himself about the adequacy of the
PIN code at the level of security issues (see the question
mark on Fig. 5). In analyzing the ALBERT specification, it turns out that the use of a PIN code by itself
does not guarantee the identity of the customer. The
action information constraint in the Customer specification says that the PIN code accompanying a transfer
request is shown to the Pbs. The action perception constraint in the Pbs agent specification says that a transfer
request is valid if and only if the given PIN code corresponds to that of the owner of the account. This set of
constraints does not preclude someone other than the
account owner from making a valid transfer using the
correct PIN code. The security goal is therefore not
met.
Returning to the  level, because we need to reduce
the possibility, for a customer, to use the PIN of another
customer, we have to express an additional goal related
to the Bank’s dependency on Customer for the confidentiality of PIN. This is a soft goal because it does
not appear that there are definitive procedures that can
guarantee complete confidentiality.
While at the  level, one can identify correlations
with other goals arising from the need to keep the PIN
confidential. For example, having to keep the PIN confidential contributes negatively to convenience since
the customer may forget the PIN.
Additional requirements related to the properties of
the PIN code may also be identified through this process. For example, if the number of possibilities for a
PIN code is large, then it will be more difficult for a
customer to use a wrong one. One idea would be to define the procedure in which PIN codes are assigned to
customers so that no two customers will have the same
PIN code. This would be reflected as a uniqueness
constraint in the ALBERT specification.
Other solutions are also possible like those related to
complexity (e.g., the number of digits) of the PIN code.
Again, these different solutions all have impacts at the
  level. For example, imposing a 25-digit PIN code
has a positive impact on the confidentiality softgoal,
but a negative impact on the convenience softgoal for
the customer.
Throughout the requirements process, the analyst
needs to iterate back and forth between system requirements and organizational requirements in order to deal
with their impacts on each other.

4 Discussion and Related Work
In the above phone-banking example, we have demonstrated that the concept of cooperating agents can offer
a good understanding of organizational relationships
and goals, and also for stating and analyzing requirement specifications. We have illustrated why cooperation needs to be understood in terms of intentional
concepts such as knowledge, commitment, obligation,
and goals.
Our two-levelled approach allows us to adopt differ-

ent concepts of agents at each level that are well-suited
to the type of modelling and reasoning for that level. At
the level of understanding organizational relationships,
we need a notion of agent that recognizes that agents
have freedom, and may violate constraints or commitments. One needs to reason about the implications of
these violations. The models are used descriptively,
to understand the organizational conditions as they are
(or might be, in the case of proposed configurations).
We need to take a strategic view of agent relationships
because new work arrangements alter the configuration of dependencies. The introduction of new systems
and/or work processes changes what is possible or not
possible, or change the degree of difficulty in achieving
goals. Models at this level tend to be very incomplete,
but this is appropriate since only issues that are of
strategic significance need to be considered.
At the level of requirements specification, a prescriptive view is more appropriate than a descriptive
view. Analysts want to be able to confirm that an organizational configuration has certain desired properties,
assuming that agents abide by the stated restrictions on
their behaviour (the obligations) in a declarative way.
The specification level typically requires a much higher
degree of completeness, in order to be able to guarantee certain properties. Finer-grained modelling concepts such as states, actions, obligations, information,
perception and real-time constraints are appropriate.
Our approach may be compared to other frameworks
for requirements engineering which take a multi-agent
or organizational perspective. The framework for enterprise modelling of [Bubenko, 1993] is similar in
spirit in several ways. It emphasizes the need to model
organizations and their actors, their motivations and
rationales [Nellborn et al., 1994]. It also uses multiple, inter-linked models. The informal (but structured)
organizational models are linked to more formal specification models. Our approach using ALBERT and  is
comparable, but adopts a set of intentional concepts explicitly, with more precise semantics. This will allow
more computer-based support.
In the KAOS framework [Dardenne et al., 1993],
overall goals are explicitly modelled (following the
concept of Composite Systems Design [Feather, 1987;
Feather, 1994; Fickas et al., 1992]). Goals are reduced
through means-ends reasoning to arrive at responsibilities for agents. The modelling of agents is specificational and prescriptive. Since agents are assumed
to conform to prescribed behaviour, one cannot easily
analyze strategic relationships and implications.
A number of organization modelling frameworks
have been proposed in the organization information
systems area, e.g., [Blyth et al., 1993]. Dependency
concepts have also been used for modelling coordination in organizations, e.g., [Malone et al., 1994].
The  framework differs from these in that it highlights the strategic dimension of agent relationships,
and de-emphasizes the operational aspects. Similarly,
although multi-agent cooperation has received considerable attention in distributed artificial intelligence

(DAI) (e.g., [Bond et al., 1988]), the emphasis has
been on the division of computational work (e.g., the
reduction of goals to primitive actions for execution
by robots or software programs), and much less on
the strategic interests of organizational, social actors
[Gasser, 1991]. The DAI community has also developed communication and coordination mechanisms
and protocols (such as KQML and KIF) which can
serve as alternatives to more conventional implementation techniques for meeting the organizational requirements and specifications at the levels described in this
paper.
Finally at the specification level, the ALBERT language is very much in the line of recent formal specification languages designed for the purpose of modelling
functional requirements (e.g., MAL [Finkelstein et al.,
1987], and ERAE [Dubois et al., 1991], DAL [Ryan
et al., 1991], LCM [Feenstra et al., 1993] and TROLL
[Saake et al., 1993]. The major difference is the application scope of ALBERT related to the modelling of
complex real-time cooperative (distributed) systems.
In this paper, we have concentrated on showing how
 and ALBERT can work together. Comparisons of 
and ALBERT to their respective related work and more
detailed discussions can be found in [Yu, 1995b; Yu,
1995a; Yu et al., 1994a] and [Dubois et al., 1993b;
Dubois et al., 1994a; Dubois et al., 1994b].

5 Conclusions
As information system development techniques and
tools advance, we anticipate that the technical design
and implementation stages will occupy a less central
place in system development. On the other hand,
new systems are becoming more interconnected, and
increasingly interwoven into complex organizational
processes. The challenge in information system development will shift towards the understanding of organizational environments and needs, and how to make
decisions involving technical systems to address those
needs and concerns [Jarke, 1994].
To this end, we need a clearer understanding of what
it means for systems to be “cooperative”. Systems
that are merely interconnected, but which may have
been designed by different groups, at different times,
to serve the purposes and interests of different parties, are not necessarily cooperative. In this paper, we
have argued that a characterization of cooperation requires the use of intentional concepts. Agents and how
they relate to each other need to be characterized in
terms of concepts such as knowledge, obligation, commitments, and goals. Information systems (and other
kinds of agents) are cooperative to the extent that they
contribute to some larger, overall goals in an organizational context.
To make this kind of understanding and analysis concrete and amenable to support by computer-based tools,
we have brought together two agent-oriented modelling
frameworks, both based on formal knowledge representation techniques. Each offers a set of capabilities
for its respective level of modelling and reasoning. We

have demonstrated that a requirements analyst needs
to iterate over the two levels of modelling and analysis
to arrive at system requirements.
This work is preliminary. We have outlined the approach and illustrated it through a realistic but small
example. In ongoing work, we are studying larger reallife cases to test the practicality of the approach. In future work, we plan to elaborate on the steps needed
to obtain system requirements from the analysis of
strategic organizational relationships, and to identify
the types of situations where analysis of the specification would suggest changes to the organization model.
Another direction for future work is related to the
development of knowledge-based tools for supporting the requirements engineering process. In these
tools, the two languages — ALBERT and  — can be
(weakly-) coupled by using a common underlying conceptual modelling framework which relate representational objects by knowledge structuring relationships
such as classification, generalization, aggregation and
time (e.g., as provided by the Telos language [Mylopoulos et al., 1990]). This approach may be seen as
an extension of the approach adopted in the DAIDA
project [Jarke et al., 1992], where three different sets of
concepts were used for representing knowledge about
the requirements, design, and implementation phases
during system development, and which are linked and
managed by a common global knowledge base management system.
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