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1 DMotivation

It is now recognised that goals play an important role in requirements engineering
process, and consequently in systems development process. Whereas specifica-
tions allow us to answer the question "WHAT the system does”, goals allow
us to address the ”WHY, WHO, WHEN” questions [1]. Up to now, the devel-
opment process associated with formal methods, including Event B, begins at
the specification level. Our objective is to include requirements analysis within
this process, and more precisely the KAOS method. Existing work [5,4] that
combine KAOS with formal methods generate a formal specification model from
a KAOS requirements model. We aim at expressing KAOS goal models with a
formal language (Event B), hence staying at the same abstraction level. Thus
we take advantage from the Event B method: (i) it is possible to use the method
during the whole development process and (ii) we can benefit from the indus-
trial maturity of tools supporting the method. This paper presents, through an
example, the outlines of a constructive approach in which Event B models are
built incrementally from KAOS goal models, driven by goal refinement patterns.

2 Goals in KAOS

KAOS (Knowledge Acquisition in autOmated Specification) [2, 3] is a method-
ology to implement goal-based reasoning. A goal defines an objective the system
should meet, usually through the cooperation of multiple agents such as devices
or humans. KAOS is composed of several sub-models related through inter-
model consistency rules: (i) the central model is the goal model which describes
the goals of the system and its environment; (i) the object model defines the
objects (agents ,entity...) of interest in the application domain; (iii) the agent
responsibility model takes care of assigning goals to agents in a realisable way;
(iv) the operation model details the operation an agent has to perform to reach
the goals he is responsible for. KAOS offers a lot of refinement patterns [1]
that decompose goals. These patterns can only be used in the context of dif-
ferent tactics defined in KAOS such as milestone-driven tactics, i.e. identifying
milestone states that must be reached to achieve the target predicate, and case-
driven tactics, i.e. identifying different cases to satisfy the goal. The sub-goals
G1,Ga,...,Gp(n > 2) refine a goal G iff the following conditions hold:
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1. Gy NGy A ... NGy, = G (entailment)
2. For each 4, j: j # i. G; ¥ G; (minimality)
3. Gy ANGa A ... NG, ¥ false (consistency)

In this work in progress, we focus on refinement patterns defined only with
first-order logic. Patterns with LTL temporal logic will be studied in further
work. Thus, the general form of the assertions associated to the patterns is
P — @ where P and @ are predicates. Symbol — denotes the classical logical
implication.

Let us take a simple example managing the subscription to a summer school.
The main goal G states that each person who has subscribed must receive a
participation receipt: Subs — PRcpt. This goal is refined into three sub-goals
according to the milestone-driven tactics:

(G1) each subscription implies a payment: Subs — Payt

(G2) for each payment a bill should be issued: Payt — Bill

(G3) a receipt must be submitted whenever the bill is provided: Bill — PRcpt

The case-driven tactics is applied to refine the goal G into two sub-goals de-

pending on the participant status (either student or professor):
(G1.1) Subs A Stud — StudFee
(G1.2) Subs A Prof — ProfFee

3 Expressing Goals in Event B

The objective of our work is to express a KAOS goal model with Event B.
We start to study the most used refinement patterns: the milestone-driven and
case-driven tactics.

Since a KAOS goal means that a property must be established, the main idea
is to represent each goal as a B event and the property as the post-condition of
this B event.

Thus, goal G can be translated into an abstract B event as follows:

EvG £ SELECT True THEN Subsp, PReptp : (Subsp € PReptp) END

The THEN part of EvG is the translation into Event B of the logical formula
associated to G. Even if this translation is obviously always possible, it is not
straightforward and necessarily depends on the B representation of the KAOS
object model.

At this most abstract level, the guard of EvG is always set to True to ex-
press that the event is always feasible. The definitive guard is built during the
refinement process.

First refinement: applying the milestone-driven tactics. All sub-goals
are translated into new events using the same rules as for EvG. For instance,
(Gy) is translated by:

EvG, = SELECT True THEN Subsg, Paytp : (Subsp C Paytg) END
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The abstract event EvG is refined by strengthening its guard. This latter is
the conjunction of the post-conditions of each sub-goal:

EvG =
SELECT ( Subsp C Paytp) A (Paytp C Billg) A (Billg C PReptg)
THEN Subsp, PReptp : (Subsg € PReptg) END

Second refinement: applying the case-driven tactics. In the same way as
for the milestone-driven tactics, the sub-goals are translated by new events and
EvG; is refined as carried out for EvG.

EvG,; =
SELECT True
THEN Subsg, Studg, StudFeep : ((Subsp N Studp) C StudFeep) END

However, a faithful representation of this tactics requires the following addi-
tional constraints:

— A new invariant: (Studp U Profg) = Subsg A (Studg N Profg) =0
— A new proof obligation: (StudFeep U ProfFeeg) C Paytp

Verification of the KAOS refinement conditions. Proof obligations of
Event B allow most of the KAOS refinement conditions to be verified. However,
for some KAOS patterns as the case-driven tactics, additional constraints must
be identified.

4 Further work

The paper shows that it is possible to express KAOS goal models with Event
B and furthermore, this B representation is quite close to the KAOS one. The
current work is still partial and we are actively working on its extensions. Future
work will be concerned with (i) generalising our method to other refinement pat-
terns presented in [1]; (ii) considering LTL temporal operators; (iil) considering
the three other sub-models of a KAOS model.
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