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Abstract 
This paper addresses the problem of the articulation between task modelling and system 
modelling in the design of interactive software. We aim at providing solutions allowing the 
software designers to use efficiently task models during the design process, and to check that 
the software being built actually corresponds to the requirements elicited during the task 
analysis phase. The proposed approach is twofold: Firstly, we use the User Action Notation, a 
semi-formal task modelling formalism, and we present a translation scheme allowing to 
transform the User Action Notation constructs into Petri nets. Secondly, we use the Interactive 
Cooperative Objects formalism (based on Petri nets and on the object-oriented approach) to 
build the model of the system. We finally use the mathematical analysis techniques stemming 
from the Petri net theory to analyse and validate the cooperation between task models and 
system model. The approach is presented through a case study, showing the User Action 
Notation task models, the equivalent Petri net models and the Interactive Cooperative Object 
system model. 
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1 INTRODUCTION 

Task modelling has proven to be a valuable activity in the design of interactive software. Most 
often, this activity is undertaken at the early stages of the software life cycle by human factors 
(Lim, 1990) specialists who devise their models in close relationship with the users. Important 
insights are often gained with respects to user interface requirements and overall acceptance by 
the future users through this practice (Payne, 1986), (Kieras 1985), (Sebillote, 1994). 

However, the practical use of task models during the rest of the development process 
remains an open question. Although task modelling formalisms are generally easy to use and to 
understand (in the hope that they can be directly validated or modified by the users themselves), 
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they often lack a solid formal foundation (Scapin, 1989), and thus may present incompleteness 
or ambiguities that hinder their seamless integration in the design of the interactive system itself. 

Task modelling formalisms are generally far from the other formalisms used in software 
engineering, such as data models, object models or dynamics models. It is therefore difficult 
for the software designer to assess that the system under design actually matches or supports 
the task models built during the early requirements. What is needed is some kind of common 
ground allowing the cross validation of task and system models. 

This papers aims at filling in this conceptual gap between task models and system models. 
The approach we follow is twofold : 
• Firstly, we use a well known task modelling formalism, namely the User Action Notation 

from Hartson and Hix (Hix, 1993). We present a translation scheme allowing to transform 
the UAN notation into Petri nets, a well known, formal and mathematically founded 
formalism originally devised for the modelling of the dynamics of concurrent systems. This 
translation provides us with a formal task model, which can be analysed in isolation, and 
checked for flaws. 

• Secondly, we use a formal system modelling notation, the ICO formalism that we have 
already presented earlier (Palanque, 1993a) to model the behaviour of the system itself. The 
ICO formalism is also essentially based on Petri nets. We then have a common ground to 
compare and validate the task descriptions with the systems behaviour. Petri net theory 
provides us with the necessary formal techniques to achieve formal validation of the 
cooperation of the two models. 

The paper is organised as follows : 
Section 2 is devoted to the presentation of the UAN, and of the translation scheme that allows 
to provide a formal Petri net equivalent to a UAN task description. Section 3 gives a brief 
description of the ICO formalism for interactive systems design, which embeds Petri net 
modelling into an object-oriented framework. Section 4 demonstrates the approach on a case 
study: Initial task models are built in the UAN, and then translated into Petri nets. A system 
model is produced within the ICO formalism. Then, task and system models are analysed and 
validated using Petri net properties analysis techniques. 

2 TASK MODELS: UAN AND PETRI NETS 

2.1 UAN: principles and formalism 

Principles 
UAN is a task oriented and a user centred notation. The formalism describes the behaviour 
(physical behaviour and others) of the couple user - system during an interaction which aims 
at performing a set of tasks (Hartson, 1992). 

The tasks are described at different levels: the highest level contains all the possible tasks; the 
lowest level contains all the primary actions. Between these two levels, there is a set of levels of 
abstraction which decompose the tasks in sub-tasks or actions. The decomposition stops when 
primary actions are found. We can classify the levels of abstraction in two main categories: the 
level describing primary actions (called articulatory level) and levels describing the tasks 
(Hix, 1993) that manipulate tasks names and temporal relationships between them. 
The articulatory level describes the primary user actions and the corresponding interface 
feedback. A primary user action is an action which cannot be further decomposed; These 
actions are the physical user action when the user interacts with the device (example: Depress 
mouse button). This level is close to the implementation domain. 
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As we mainly focus here on the chaining of actions in both tasks models and system models, 
the information given by the articulatory level are not relevant, and thus we only present here 
the UAN constructs in order to describe high level tasks. 

Formalism 
A task is described by a set of actions or sub-tasks which compose this task, and by the 
temporal relations between the elements of this set These temporal relations are: sequence, 
iteration, choice, repeating choice, order independence, interruptability, interleavability, 
concurrency and intervals- waiting. We present the UAN notation for each of these nine 
constructs. 

Sequence: There is a sequence relation between tasks when a task has to be completely 
performed immediately after another task. 

Perform Task A then perform Task B 
A 

B 

Iteration: There is an iteration relation if the task can (*) or has to (n, +) be performed 
several times. 

Perform Task A f times 

(A) f 

The Three possible meanings ot the symbol f are: 
n means that the user performs the task A n times exactely 
* means that the user performs the task A zero or more times 
+ means that the user performs the task A one or more times 

Choice: There is a choice relation between tasks when the user has to choose (equally) and 
perform one of these tasks. 

Perform Task A or perform Task B 

A 

h 
Repeating Choice: It is a combination of the two previous temporal relations: iteration 

and choice (as this temporal relation is often used, UAN notation describes it as a basic 
temporal relation). 

Perform (Task A or Task B) f times 

( A 
IB)f (withf =nor*or+) 

Order independence: There is an order independence relation between tasks if the user 
performs all the tasks without any constraint of ordering. 

Perform Task A then perform Task B or 
Perform Task B then perform Task A 

A 

& B 

Interruptability: There is an interruptability between tasks if one task (A) can be 
interrupted by another task (B) and this task has to be entirely performed before returning to the 
interrupted task (A) for completion. 
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Task A can be interrupted by Task B 
B ~ A 

lnterleavability: There is an interleavability relation between tasks if each task can 
interrupt each other. 

Task A interleave Task B 
A ~ B 

Concurrency: There is a concurrency relation between tasks if some (two or more) of 
these tasks can be perfonned at the same time. 

Task A is performed concurrently with Task B 

A II B 

Intervals- Waiting: There is a waiting (or interval) relation between tasks if a task has 
to be perfonned a certain period of time before another task. 

Conclusion 

Task A is performed before Task B and before the waiting of n period of time 

A (t > nseconds) B 

(The comparison operator may be >, <, ~. <!:or= ) 

The graphical interfaces with direct manipulation, necessitate the description of complex 
temporal relations between tasks. The UAN fonnalism presents the advantage of describing 
temporal relations and in particular it enables the description of asynchronism between the 
tasks. Some other temporal constructs have been added to UAN in the XUAN (Gray, 1994). 
Those temporal relationship are not described here but using temporal aspects of petri nets it is 
possible to take them into account in the Petri net modelling the tasks. 
Moreover, the UAN fonnalism is quite simple to use. It enables the junction between the 
behavioural team (responsible of the design of the interaction part of the interface) and the 
design team (responsible of the implementation of this interface). 

2.2 From a UAN model to a Petri net 

We will show how the constructs of UAN can be transformed into Petri nets. All the 
transfonnations can be found in (Palanque, 95a). We only present here the constructs which are 
needed for the task modelling of the case study described in the section 4. i.e. sequence, choice 
and order independence. 

Petri nets principles 
When modelling with Petri nets, a system is described in tenns of state variables (called places, 
depicted as ellipses) and by state-changing operators (called transitions, depicted as rectangles), 
connected by arcs. The state of the system is given by the marking of the net, which is a 
distribution of tokens in the net's places. 

State changes result from the firing of transitions, yielding a new distribution of tokens. 
Transition firing involves two steps: (l) tokens are removed from input places, and (2) new 
tokens are deposited in the output places. A transition is enabled to fire when all of its input 
places contain tokens. Figure 1 depicts a small Petri net used illustrating the simple concept of 
sequences of actions. 

Process of transformation 
A Petri nets task is a macrotransition i.e. a net which begins by a transition Start and finishes 
by a transition End. All the UAN constructs aim at combining two or more subtasks in several 
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ways in order to form a higher level task. The Petri net translation of a UAN combination of 
tasks will therefore also be modelled as a macrotransition. 

We will now show how the macrotransitions corresponding to the UAN constructs sequence 
choice and order independence are defined in terms of Petri nets. 

Sequence: Perform task A then Perform Task B 

UAN formalism Petti net formalism 

A Begin" -"1""""-
B 

Figure 1 Sequence. 

Choice: Perform task A or Perform Task B 

UAN formalism 

A 

IB 

Figure 2 Choice. 

End 

Petti net formalism 



194 Part Three Formal Methods 

Order independence: Perform task A then Perform Task B or Perform task B then Perform 
Task A 

UAN formalism 

A 

& B 

Figure 3 Order independence. 

Petti net formalism 

Combination or constructs: Our translation scheme is of hierarchical nature, allowing to 
combine several macrotransitions to represent more complex tasks. Figure 4 for example 
presents the OR combination of two sequences of two subtasks. 

(Perform task A 1 then Perform A 1 ) or (Perform Task B 1 then Perform B 2 ) 

UAN formalism 

(Al 
A2) 

I ( B 1 
B 2) 

Petti net formalism 

Macro-transition A 

Figure 4 Combination of the choice and of the sequence. 
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3 SYSTEM MODEL: ICO FORMALISM 

3.1 Overview 

Interactive Cooperative Objects (ICO) (Palanque, 1994), (Palanque, 1993) is an object-oriented 
formalism intended for modelling interactive software where concurrency takes an important 
place. In this formalism, an object is an entity featuring four components: a Data structure, a set 
of Operations, an Object Control Structure (ObCS), and a Presentation. 

The data structure of an object is a set of attributes, each of them having a name and a 
type. 

An object offers to its environment a set of operations called services. Those services are 
defmed by: a name, a list of input parameters (possibly empty) and a list of output parameters 
(possibly be empty too). Moreover, an object includes some internal operations which 
cannot be invoked by other objects. 

The ObCS of an object fully defmes its behaviour, the availability of its services, how it 
processes service requests, the operations it performs on its own behalf, and the services it 
requires from other objects as a client. The ObCS of an ICO is defmed by a high-level Petri net 
Each service of an object is associated with one or several ObCS's transitions using a function 
called Disp. A service request may be accepted only when one of its associated transitions is 
enabled, and it is performed by the occurrence of such a transition. Graphically, the name of the 
service associated with a transition is written inside it (and corresponds to the graphical 
representation of the function Disp), while the service input (resp. output) parameters label a 
broken arrow incoming to (resp. outgoing from) the transition. Services of an ICO which are at 
the user's disposal, called user services, are pointed out by a small ellipse at the beginning of 
the incoming broken arrow. An ObCS may include transitions which are not associated to any 
service: they correspond to the object's spontaneous activity. The action performed when a 
transition occurs is written in it. It consists either in performing an internal operation of the 
object, or in applying for a service offered by another object (if the transition is moreover 
related to a service, those two texts are separated by a line in the transition as for example the 
transition T4 of the left part of Figure 11) . Thus, the communications between objects are not 
buried in the code of the internal operations; they are defmed in an explicit way, and this enable 
to check more easily whether the object cooperation satisfies the intended properties. Objects 
communicate according to a client/server relationship. The formal semantics of this protocol 
is defmed in term of Petri nets in (Bastide, 1992). 

The Presentation of an object states its external look and is structured as a set of widgets 
(or interactors), such as Pushbutton, List-Box, etc. 

The user I software interaction will only take place through these widgets. Each user action 
on a widget may trigger one of the ICO's user service, and the user services of an ICO are 
precisely the ones which may be activated by the user through a widget. The relationship 
between user services and widgets is fully stated by the activation function which associates 
to each couple (widget, user's action) the service to be triggered. 

In an interactive system each window is modelled by an ICO. The sequencing and 
synchronisation constraints for the availability of user services are expressed in the ObCS (as 
for the other services). Transitions relate to the object's user services, stating their availability, 
and user services are related to widgets through the activation function. Thus the active or 
inactive state of the widgets can be determined from the ObCS's current state: if no transition 
associated to a user service is enabled by the current state means that this user service is not 
currently available to the user. In order for the system to be more predictable (Dix, 1991), this 
must be shown to the user by shading out or otherwise inactivating the related widgets. 
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3.2 Verification of models 

Verification principles 
According to the aim of this paper, the analysis of model can be done in two different ways: 
• unitary validation studies the behaviour of a single ICO, making a "good cooperation" 

assumption upon its relationships with other objects, that is: the servers used by the ICO are 
always able to process all its requests, and its clients send as many requests for its services 
as it may process. The dialogue properties we want to check are those specified in the 
application's interface requirements. These properties may relate: either to sequences of 
services e.g. each update command may be followed either by a save command or by a 
cancel command; or to states that must or must not be reachable e.g. a list box may be able to 
contain any number of items above a given minimum. The main properties that can be proved 
on an ICO model using Petri net theory are: the absence of deadlock, the predictability of a 
command, the reinitiability, the availability of a command, among others (see 
(Palanque, 1994) for more details on the properties themselves). 

• cooperation validation corresponds to the validation of cooperation between ICOs. This 
kind of validation has already been described in (Palanque, 1995b). 

• user cooperation validation relates the model of the inner behaviour of the interactive 
software to the typical behaviour of users (expected user tasks) interacting with that 
software. This can be achieved by building one or more task models. These models are used 
in order to check whether those tasks are actually compatible with the application model 
The formal aspects of user cooperation validation are identical to those of cooperation 

validation. The key to our verification practice is that the users themselves may be considered as 
ICOs, interacting with the application in a client/server relationship. In modem event-driven 
software, the user mainly acts as a client, driving the interaction and requesting services from 
those offered by the application. The user is considered as a server only when an imperative 
confirmation is requested by the application (e.g. a modal dialogue box such as the one 
modelled in transition TlO, Figure 11). The task models are thus taken into account in our 
formalism by embedding them into objects, and by checking their cooperation with the 
application's objects. We shall illustrate this approach on a case study in the next section. 

Verification techniques 
The results provided by PN theory enable to prove on one hand properties on marked 
nets, which are valid for a net provided with a given initial markingl, and on the other hand 
marking independent properties which are less accurate but more general. Since the initial 
marking of the ObCS is fully defmed for each ICO of a model, these two kinds of results can 
be used. 

However, according to the kind of model you are analysing, and the kind of properties you 
want to prove one or the other of those techniques suits better. This will be shown on the case 
study in the next section. 

Properties on marked nets correspond to properties of the Petri net, either on the net's 
language (the set of all transitions sequences which may occur) or on the net's reachability set 
(the set of all markings which may be reached from the initial marking). The marking graph 
of a Petri net is a Finite State Automaton whose states are the reachable markings, and where 
there is an arc from state e 1 to state e2 labelled with the transition t if and only if t may occur 
from the state e1 and if the state reached is~· When the ObCS's net is bounded2, the marking 
graph is fmite, it may be automatically generated, and all these properties may be decided in an 
automated way by an appropriate algorithm (Lautenbach, 1986). 

1 A marking of a Petri net is a distribution of tokens in the places of the Petri net The initial marking of the 
net is the distribution of tokens desaibing the initial state of the Petri net. 
2 The possible number of tokens in each place of net cannot be greater than a given value k. 
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Marking independent properties are based on the calculation on invariants in the Petri net 
There are two kind of invariants: place invariants (called conservative components) and 
transition invariants (called repetitive components). A set of places is called a conservative 
component if the number of tokens in this set of places remains the same whatever transitions 
are fired in the net A set of transitions is called a repetitive component if, given a marking M 
that enables one of this transitions, the firing of each transition of the set brings the net back in 
the marking M. 

Some theoretical results are available and will be used in the following of this paper, such as: 
• if each place of a net belongs to a conservative component, then the net is bounded; 
• for the net to be live, it is necessary that each transition of the net belongs to a repetitive 

component; 
• if the marking graph is finite and each node has a successor, then the Petri net is live; 
• it the marking graph has a terminal node (a node with no successor) then the net is not live. 

The next section is devoted to a full case study. First, the informal description is given. Then 
we define a user task using UAN which is then transformed into a Petri net according to the 
transformation patterns described in section 2.2. Then the system model of the case study is 
shown and the verification of each model and their cooperation is described in the last sub
section. 

4CASESTUDY 

We will now illustrate our approach by presenting a case study. We will show how, starting 
from an UAN description of the task, a formal equivalent Petri net model can be built. We will 
then provide a model of the system within the ICO formalism, and show how the task model 
and the system model can be validated against each other. 

4.1 Description of the problem 

The case study deals with the use of an Automated Teller Machine (ATM): the aim of this 
system is to enable users to manage their bank account. The bank's clients can perform 
different tasks such as obtaining cash, getting a statement about their account, ordering a 
cheque book, etc. In the following, we will deal only with the task necessary to obtain cash. 

The set of actions that the user has to perform in order to realise the task Obtain_ Cash is the 
following: 

Insen Card 
Enter~ Code 
Withdraw Card 
Request_ Cash 
Select_Amount 
Withdraw _Cash 

Several temporal relationships between these different actions are enforced by the ATM : 

Request_ Cash -----before-----· Select...}.mount 

Select_Amount ----·before-----· Withdraw_Cash 

Insert_ Card ----·before-----· Withdraw_Cash 

Insert_ Card ----before------· Withdraw_Card 

Enter_Code -·-·justafter··--· lnsert_Card 
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4.2 UAN User task model 

Those temporal relationships are not trivial to describe accurately with the UAN formalism. The 
sequence (lnsert_card and Enter_code) can be performed before Request_amount, between 
Request_cash and Select_amount or after Select_amount; and this sequence has to be performed 
in order to execute the main task (Obtain_cash). 

There is not an order independent temporal relation between the sequence and the two other 
tasks. Actually, this temporal relation does not take into account the precedence relation 
between Request_cash and Select_amount. 

There is neither an interleavability temporal relation between the sequence and the two tasks 
because even though this temporal relation describes the temporal relation between these tasks, 
it does not indicate that all the tasks have to be performed. 

So we have used two separated descriptions in order to describe all the possible ways of 
execution of these tasks. Hence, the task Obtain_cash is composed of two main subtasks 
separated by an OR temporal relation. 

Task;· Ohtain cash 
( ( ( Insert_card 

Enter _code ) 
& ( Request_cash 

Sekct_amount ) ) 

(Withdraw _card 
& Withdraw _cash )) 

1 ( Request_cash 
Insert_card 
Enter_code 
Sekct_amount 
(Withdraw _card 

& Withdraw _cash ) ) 

Figure 5 UAN notation for the task Obtain_ Cash. 

4.3 Petri Net User task model 

By using the translation schemes described in 2.2, we can provide an equivalent task 
description within the Petri net formalism. 

The task Obtain_cash is a choice between a two sequences of two subtasks. The first 
sequence is composed by the subtasks Task 1 and Task 3; the second sequence by Task 2 and 
Task 3. We present in Figure 6 the main task Obtain_cash and in Figure 7 and Figure 8 the 
three subtasks (Task 1, Task 2 and Task 3). 
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Figure 6 translation into Petri net of the task Obtain_cash. 

Figure 7 Petri net notation for the Task 1 and the Task 2. 
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Figure 8 Petri net notation for the Task 3. 

Figure 6 to 8 present the literal Petri net translation of the UAN task model of Figure 5. 
Each of the UAN subtasks is clearly embedded in the Petri net model. However, the expressive 
power of Petri nets enables one to build simpler and more concise models that depict exactly the 
same behaviour. 

A ''native" Petri net model of the task specified in Figure 5 is depicted in Figure 9. One can 
notice that this model is significantly simpler than the models illustrated in Figure 6 to 8. This 
fact can be understood because Petri nets make explicit the internal states of the task 
performance (they are modelled by the places in the net, such as Card in machine or Amount 
Selected), whereas states are only implicit in the UAN model. This elicitation of states allows 
us to factor out preconditions and postconditions of subtasks or actions that must otherwise be 
duplicated, leading to more redundant models. 

Card in Pocket Need money 

Cash in Pocket 

Figure 9 Petri net notation for the task Obtain_ Cash. 
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Petti net theory enables to formally prove the equivalence between the model in Figure 6 to 
8 and the model in Figure 9 by comparing the language accepted by the two nets. Due to space 
reasons this formal proof is not provided here, but it is made using the same techniques as the 
ones described in section 4.5. about marking graph analysis. 

In the remainder of this paper the analysis will be performed on the simpler and equivalent 
model pictured in Figure 9. 

4.4 The system model of the case study 

This section demonstrates how to model an Automated Teller Machine (A TM), using the ICO 
formalism. Actually, we will not model the physical device but a software featuring the same 
functions as the real device. User's input will take place through classical interactors using 
direct manipulation input device as for example mouse (representing real user's actions on the 
physical device). We abstract away from the actions performed by the user to enter the amount 
of cash he/she wants to withdraw or to enter the Pin code, modelling this by atomic actions. 

Informal Specification 
In order to exemplify the particular features of the ICO formalism, we will add and remove 
several features to the classical functioning of an A TM such as the one expected by the user 
described in section 4.1. Using this ATM, the user can withdraw cash but also check the 
balance of the credit card. In withdrawal mode, our A TM allows the user to change the amount 
selected if it is greater than the amount allowed by uses; before starting the withdrawal the user 
is allowed to check the balance of the credit card. The entering of the Pin code must be done 
before he/she gets the cash, but the limitation up to three attempts has been omitted to simplify 
the presentation. 

In order to have a more interesting dialogue, we have res1ricted the use of several actions 
according to the state of the ATM such as the user cannot check the balance of the account 
during a withdrawal and he/she must perform a withdrawal after the balance has been checked. 

Modelling the ATM 
Class ATM 
Attributes 
a, b: Real; p : Integer; c: Credit_Card; r: {ABORT, CANCEL, RETRY}; 

Methods 
Okpin <p : Integer, c : CrediLCard> : Boolean; 
Ok <a,b:real>: Boolean; Avail<c:Card>: Real; 
Services 
lnsertCard <c:Card>; Select <a: Real>; EnterPin <p : Integer>; 
WithdrawCash; WithdrawCard; Balance; 
ObCS (see Figure 11) 
Presentation 

Layout -- Not presented 
Activation function· 

End 

Figure 10 

WidJret 
Pushbutton Balance 
Pushbutton Withdrawal 
Pushbutton lnsertCard 
Pushbutton EnterPin 
Pushbutton Select 
Pushbutton Cash 
Pushbutton Card 

The Class ATM. 

User's actions 
Click 
Click 
Click 
Click 
Click 
Click 
Oick 

Service 
Balance 
Widldrawal 
InsertCanl 
En terPin 
Select 
WitbdrawCash 
W!tbdrawCard 
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The ATM class is a full fledged ICO, featuring attributes, services, an ObCS and a 
presentation. The description of the class may be seen in Figure 10. There the presentation only 
describes the widgets list and the activation function; the layout of an ATM which is quite 
common is not presented. 

We only give here the results from a design process which has been already presented in 
(Palanque, l993a). That design process describes precisely one of the most difficult part of the 
design: how to build the Petri net describing the behaviour of the ICO. 

In the A TM specification, the ObCS is modelled by a high level Petri net (HLPN). The main 
difference from basic Petri nets is that HLPNs incorporate the data structure and the data values 
in the models. (e.g. the precondition in transition T7). In HLPNs tokens are no more 
anonymous items, but may be references to other ICOs of the interactive software. This 
formalism provides a concise, yet formal and complete specification for the control structure of 
the software as each facet of an ICO is formally described using the mathematical foundations 
of Petri nets. 

The functioning of a HLPN is quite the same as the one of a basic Petri net However, the 
firing rule and the fireability of transitions is somehow different. A transition of a HLPN is 
fueable (may occur) if and only if each of its input places holds at least one token (so that each 
variable labelling an input arc may be bound to an object). Moreover, if the transition features a 
precondition (graphically represented by a pentagon; see for example transition T7 in Figure 11) 
the values of the tokens in the input places of the transition must make the Boolean expression 
of the precondition true in order for the transition to be fireable. When a transition is fired (or 
occurs), the objects bound to the input variables are removed from the input places and their 
values are processed by the transition's action which may also generate or delete objects. The 
new or modified objects are finally set into the output places, according to the variables 
labelling the arcs and thus fully stating the flow of references of objects in the net 

The ObCS of the A TM (Figure 11) must be read in the following way: 
• Initialisation: 

The initial marking of the ObCS net is shown on Figure II by a black dot in the place No 
Card and in the place Waiting for choice. Those dots represent basic tokens, describing the 
current idle state of the ATM. 

• Processing: 
From this initial state, two services (InsertCard and Withdrawal) can be performed by the 
user. Indeed, the only transitions that are fueable from the initial marking are the transitions 
Tl and T2 which are related to those user services. 
If the InsertCard service is requested by the user, the transition Tl will be fired. Its 
occurrence removes the token from the place No Card, and puts one token in place P3. This 
token is not a basic one as it is of the type Card, and is a reference to the Card inserted by the 
user. 
At that moment transitions T2 and T3 are enabled in the model as there is one token in each 
of their input places. T3 is related to the pushbutton EnterPin so it will be fired only when the 
user clicks on this widget3. Mter the occurrence of the EnterPin service (the transition T3) 
the A TM will perform one of the transitions T6 and T7, as both of them are enabled. Only 
one of them can occur as they are related to the same input place P5. The choice among them 
is directed by the result of the Okpin internal operation of the ATM stating if the Pin code 
typed in by the user is compatible with the card he/she has introduced. This is modelled by a 
precondition that has to be checked by the A TM before firing the transition. So, if the result 
of the Okpin internal operation is TRUE, the A TM will fue T7, otherwise it will fire T6. If 
T7 is fired, the token in the place P5 is removed and one token is put in the output place P6. 
If T6 is fired, the token is removed from the place P5 and put back into the place P3, 
enabling the transition T4, that is to say the user must enter another Pin code. As the place P6 
holds a token, the transition T4 is enabled stating that the user can trigger the balance user 

3 As stated before, we have not modeled the actions the user bas to perform in order to enter the amount but only 
the action he/she performs when the input is finished 
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service so that the balance of the card will be displayed on the screen. This transition features 
an input-output arc stating that the occurrence of this transition does not change the internal 
state of the ATM. At that stage two services are offered to the user: Balance and Withdrawal. 
Let's the user choose the Withdrawal, i.e. the transition T2 is fired, the token is removed 
from the place P2 and put into the place P4. Thus, the transition T5 is frreable in the A TM 
stating that the user can now select the amount of the withdrawal. Mter the occurrence of the 
Select Amount service the ATM will perform one of the internal transitions T8 and 19, as 
both of them are enabled. Only one of then can occur as they are related to the same input 
places. The choice among them is directed by the result of the Ok internal operation of the 
ATM stating if the amount selected by the user is compatible with the balance of the card. So, 
if the result of the Ok internal operation is TRUE, the A TM will fire T8, otherwise it will fire 
19. IfT8 is fired, the tokens in the places P6 and P7 are removed and one token will be put 
in each output place of the transition T8, that is to say P8 and P9. 

NoCatrJ 

Figure 11 ObCS of the ATM Class. 



204 Pan Three FonTUJl Methods 

At this point, the WithdrawCash and WithdrawCard user services are available. This 
illustrates the description of concurrent multi-threaded dialogues in ICO. The fact that T8 
deposits a token in both P8 and P9 means that the user can use both of his/her hands at the 
same time to withdraw the cash and the card. At the end of the multi-threaded dialogue the 
transition T15 enforces synchronisation since it demands a token in both of its input places in 
order to fire. When transition T15 is fued, the system comes back to its initial state i.e. one 
basic token in the No Card and Waiting for choice places and no tokens in all the other places 
of the model 
The active or inactive state of the pushbuttons is fully determined by the possible occurrence 
of the transitions they relate to in the ObCS. For example, the WithdrawCash button is not 
activated, until the transition Tll is enabled, i.e. place P9 holds at least one token. 
After the user has inserted the card, typed in the Pin code, selected withdrawal and selected 
the amount to be withdrawn (both places P6 and P7 hold a token) it is possible that the 
amount selected is not compatible with the balance of the card. If so, the transition T9 will be 
fired (this condition is described in its precondition), and the user has to choose among three 
possibilities: abort the withdrawal, cancel the actual withdrawal or retry by selecting another 
amount The transitions T12, T13 and T14 are fueable, but they are not related with a service 
and thus show how internal behaviour as well as spontaneous activity can be modelled. One 
of those transitions will be fired as soon as it is enabled. The request from the A 1M towards 
the user is represented by the request service inside the transition T9 r:=User.choice. If abort 
is selected the a token is put in place P8 and P12 stating that the user can get the card back 
(transition TlO) but not the cash (Tll is not enabled). 

4.5 Relating user's tasks model and system's model 

User's task model analysis 
As the user's tasks are modelled using a Petri net it is possible to apply mathematical analysis 
on them. We will apply the unitary validation technique as described in section 3.2. As that 
Petri net describes a task of a user who wants to withdraw cash, we will show how to prove 
several properties we fmd interesting for that task model: 
1) there is no cycle in the task model, otherwise that would mean that the user will have to 

perform several times the same action in order to achieve the task; 
2) the Pin code must be typed in by the user in order to get the cash; 
3) the state in which the user receives the money and gets the card back is the terminal state of 

the task model, as it corresponds to the user's goal, otherwise that would mean that the user 
has to perform several actions after the goal is reached. 

In order to prove those properties on the task model we will use first marking independent 
and then marking dependent analysis techniques (see section 3.2). 

The structure of a Petri net N can be formally defined by N = <P, T, Pre, Post> 

(Brauer, 1986) where P is the set of places of the Petri net, T the set of transition (PnT=0) 
and Pre and Post two functions such as: 

Pre: P x T ~ N; is called the input function and 

Post: P x T ~ N; is called the output function. 
Informally, Post represents the number of arcs from each transition to each place, and Pre 

represents the number of arcs from each place to each transition, and of course, both Post and 
Pre can be represented by matrices where rows represent places and columns transitions. More 
precisely, the element Pre(i,j) of the matrix Pre holds the number n if there exists narcs from 
the place Pi to the transition Tj. The element Post(i,j) of the matrix Post holds the number n if 
there exists n arcs from the transition Ti to the place Pj. As the matrix C= Post-Pre, each 
element C(i,j) of C is such as : C(i,j) = Post(i,j) - Pre(i,j). 
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Card in Pocket Ready to usa A TM Naadmonav 

Cash in Pocket 

Figure 12 the ObCS of the ICO modelling the user's task. 

The Petri net of the user's tasks can be seen on Figure 12, is defined as follow: 
P={Pl, P2, P3, P4, P5, P6, P7, P8, P9, PlO, P11} 
T={Tl,T2,T3,T4,T5,T6} 
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The Pre and Post matrixes of the user's tasks model are not given for space reasons, 
however the matrix C is given in Figure 13. 

Finding the conservative components of the Petri net consist in looking for all the positive 
solutions of the equation: fl".C=O where (I" is the transpose of a vector of places f. This 
consists in finding all the linear combinations of rows that lead to a null row. 

T1 T2 T3 T4 TS T6 
P1 -1 0 0 0 1 0 
P2 -1 0 0 0 0 0 
P3 0 -1 0 0 0 0 
P4 1 0 -1 0 0 0 
P5 -1 0 1 0 0 0 
P6 0 1 0 -1 0 0 
P7 0 0 1 0 -1 0 
P8 0 0 1 0 0 -1 
P9 0 0 0 1 -1 0 
P10 0 0 0 1 0 -1 
Pll 0 0 0 0 0 1 

Figure 13 Matrix C=Post-Pre. 

It is trivial to understand that this kind of calculus can be automated, so we will only give 
here the result of this process. In this case four vectors are solution of the previous equation, 
and the conservative components for the ATM are: Pl+P4+P7, P3+P6+Pl0+Pll, 
P2+P4+P8+Pll, Pl+P3+P4+P6+P8+P9+P11 and P5+P4. Each place belongs to a 
conservative component which means that the net is bounded. 

The calculus of repetitive components follows the same process, but it is applied to columns 
instead of rows. Finding the repetitive components of the ATM consist in looking for the 
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positive solutions of the equation: C.s=O where sis a vector of transitions. This consists in 
finding all the linear combinations of columns that lead to a null column. None vector is 
solution of the previous equation, which means that there is no cycle in the task model 
(property 1). 

The other properties are related to the set of possible markings of the task model and thus 
marking dependent techniques must be applied. 

Property 2) can be proved by using the marking graph of Figure 14. The action of 
withdrawing cash can only be performed by triggering the transition T6 and the action of typing 
in the Pin code can only be done by triggering the transition T3. Looking at the marking we can 
see that there is no path from the initial state that allows to trigger transition T6 without 
triggering first the transition T3. The formal proof of this result can be easily done by analysing 
the language (which is regular) of the marking graph. 

Figure 14 

(1 '1 '1 ,0, 1 ,0,0,0,0,0,0) 

~~ 
(0,0, 1 '1 ,0,0,0,0,0,0,0) (1 '1 ,0,0,1 '1 ,0,0,0,0,0) 

~T3 7 ~ 
''·'·'·'·'"·'·'"~'"'1::·'""' 

(0,0,0,0, 1 '1 '1 '1 ,0,0,0) 

(1 '1 ,0,0, 1'1~·:· 1 '1 ,0) 

(0,0,0, 1 ,0,0,0,0, 1 '1 ,0) 

~ ~ 
(0,0,0,0, 1 ,0, 1 '1 '1 '1 ,0) 

y ~ 
(1 ,0,0,0, 1 ,0,0, 1 ,0, 1 ,0) (0,0,0,0, 1 ,0, 1 ,0,0,0, 1) 

~~ 
(p1' p2, p3, p4, p5, p6, p7, p8, p9, p10, p11) (1 ,0,0,0, 1 ,0,0,0,0,0, 1) 

the marking graph of the user's task. 

Property 3) is very simple to prove using the marking graph. The user's goal is to have both 
the card and the cash in his/her pocket. In the Petri net describing the user's task, that means 
that the desired marking is one token in place Pl (the card is in the pocket) and one token in 
place P' 1 (the cash is in the pocket). Moreover, as this objective is the goal of the task, this 
marking must be the terminal one. Looking at the marking graph, the only marking including 
one token in both places P1 and Pll, is the one on the bottom of the marking graph, meaning 
that it is reachable and that it is precisely the terminal one. 

System model analysis 
The main aim of system model analysis is to ensure that the model is well designed and does 
not feature drawbacks. A formal analysis of a simpler ATM has already been proposed and can 
be found in (Palanque 95b) so, the calculation is omitted and only the results of the analysis 
process are presented here. The kind of properties we may want to prove on a system model 
are: 
• absence of deadlocks; 
• reinitialisability; 
• each action offered by the system can be triggered at least once. 



Validating interactive system design 

T1 T2 T3 T4 TS T6 TI T8 T9 
P1 -1 0 0 0 0 0 0 0 0 
P2 0 -1 0 0 0 0 0 0 0 
P3 1 0 -1 0 0 1 0 0 0 
P4 0 1 0 0 -1 0 0 0 0 
PS 0 0 1 0 0 -1 -1 0 0 
P6 0 0 0 0 0 0 1 -1 0 
P7 0 0 0 0 1 0 0 -1 -1 
P8 0 0 0 0 0 0 0 1 0 
P9 0 0 0 0 0 0 0 1 0 

P10 0 0 0 0 0 0 0 0 1 
Pll 0 0 0 0 0 0 0 0 0 
P12 0 0 0 0 0 0 0 0 0 

Figure 15 Matrix C=Post-Pre. 

The set of conservative components is: 
Pl +P3+P5+P6+P8+Pll ; Pl +P3 1 P5+P6+P9+P12 ; 
P2+P4+P7+P9+PlO+P12 ;P2+P4+P7+P8+P10+P12 

TlO Ttl 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
-1 0 
0 -1 
0 0 
1 0 
0 1 
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T12 T13 T14 T15 
0 0 0 1 
0 1 0 1 
0 0 0 0 
0 0 1 0 
0 0 0 0 
-1 0 0 0 
0 0 0 0 
1 0 0 0 
0 0 0 0 
-1 -1 -1 0 
0 0 0 -1 
1 0 0 -1 

It is important to notice that every place of the net belongs to a conservative component and 
thus that the net is bounded. 

The set of repetitive components is: 
T4;T3+T6;T5+T9+T14;T2+T5+T9+T13; 
Tl+T2+T3+T5+T7+T8+TlO+Tll+T15;Tl+T2+T3+T5+T7+T9+TlO+T12+T15 

(p1, p2, p3, p4, p5, p6, p7, p8, p9, p10, p11, p12) 7,0,0,~ 

~T~.o,o~ y·o·~ : ....... ~ v.~ 7, ... ~ 
$·'< ~,.,,,.~v.· .. ···~ 

(O.o •••• 1.0z (O.o.o.o.1.0.1.o.o.o.o.o) 

Figure 16 

T4 ~~ 7 
~,1,1~,0) 

(o,o,o,o, ,1~::~ T:~.o,.:~: 
~/ ~ 
(0,0,0,0,0,0,~,0,1) (0:<.,0,0,0,1,0,1,0) 

T1~ /' T11 T1S 
(0,0,0,0,0,0,0,0,0,0,1,1) _ __;_...;._ ____ ...~ 

the marking graph of the ATM. 
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It is important to notice that every transition of the net belongs to a repetitive component. 
This is a necessary condition in order to prove that the net is live (it is always possible to fire a 
transition of the net). Due to the configuration of the marking graph presented in Figure 16, it 
can be proved that the net is live and reinitialisable and thus there is no deadlock (none of the 
actions offered by the ATM will become defmitely unavailable). Thus the three requested 
properties described above are fulfilled by the ICO model of the ATM. 

Principles of cooperation analysis 
Due to space reasons, we will not describe here how the cooperation validation has been done 
but what are the results of this validation according to the case study. The way for verifying the 
cooperation between Petri nets communicating through a client/server protocol are rather 
technical, so we will only present here their principle and not justify them. The formal 
description of this protocol and the analysis techniques can be found in (Bastide, 1992). 

The basic principle is to look at the client/server protocol as a way for Petri nets to provide 
services to other Petri nets and to require services from other Petri nets. The set of all the 
services offered to the environment by an ICO is called the supply and the set of all the requests 
towards other objects is called the demand. The principle of cooperation validation is to ensure 
that the demand of each ICO is included in the supply of each of their servers. 

A fully detailed example of this kind of verification can be found in (Palanque, 1995c) for a 
case study on groupware (where cooperation between objects is of the main important aspects 
of the design of this kind of applications). 

The marking graph is used in order to calculate the demand of the user and the supply of the 
ATM. The supply of the user task model is the marking graph of this model in which arcs are 
labelled with invocation of corresponding service in the A TM model (the invocation of services 
offered by the ATM are written inside the transitions of the task model in Figure 12). The 
demand of the A TM is the marking graph of this model in which arcs are labelled with the name 
of the service offered by tlte ATM (instead of the name of the transitions as in Figure 12). The 
cooperation verification is done by proving that the demand is included in (not necessary equal 
to4) the supply. This prove that they cooperate properly and that the fact that the user interacts 
with the ATM cannot alter the set of service it offers. 

5 CONCLUSION 

The need to integrate user-related concerns in the design of interactive systems is now well 
understood by the software designers. However, the level of formality offered by the most 
popular user and task modelling techniques is insufficient to allow a good level of integration 
with the methods, languages and formalisms used in software engineering. 

This paper addresses this concern, first by providing a scheme to translate UAN task 
descriptions into Petri nets, and then by demonstrating the analysis techniques that may be 
applied to ensure that task models and system models actually match. 

We do believe that Petri nets are a viable formalism for the modelling of tasks : Petri nets are 
at the same time very formal in nature, directly executable (which can provide simulation an 
animation of models), graphically represented, and suitable for an expressive modelling of 
concurrency and synchronisation. This combination of features is rather unique in our point of 
view, and seems to address the needs of a task modelling formalism, if they are coupled with 
suitable structuring constructs, such as the macro-transitions presented in this paper, or the 
object-oriented structuring described in (Bastide, 1992). 

Nonetheless, the translation scheme we have presented enables the trained task designer to 
keep modelling tasks with the UAN, and still benefit from the formal nature of Petri nets. 

4 In the case study the A TM suply more services than the ones requested by the user model (for example the 
Balance service is not requested by the user). This can be used in order to see if some parts of a system model are 
never used in user's tasks models. 
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The work presented here is still theoretical in nature, and some work remains to be done 
before it can be put into practice. The main condition for its applicability is the availability of 
software tools allowing to interactively draw and manipulate the task and system models, and 
we are at work on such a software environment. It must be noted, however, that several 
software tools are already available for the mathematical analysis phase (Feldbrudge, 1986). 
According to the simulation and execution phases an environment is currently being constructed 
and the description of its prinicples and its architecture can be found in (Bastide , 1995). 
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Discussion 

Gregory Abowd: Why was just the system model and not the task model treated in PtesShop ? 

Philippe Palanque: Just because we have not done that yet. There is nothing to prevent the 
use of task models in PetShop because the task model is a Petri Net and PetShop works on 
Petri Nets. 

Gregory Abowd: Instead of UAN-PN, how about prototype to PN. For example, can you go 
from VisualBasic to a Petri Net? 

Philippe Palanque: Could do, but hadn't thought of doing that yet. But the abstraction into the 
PN model is not trivial. 

Rick Kazman: As an abstract execution model, Petri Nets allow formal analysis, but they do 
not have a natural notion of equivalence or whether one is a correct implementation of another. 
In the design of systems, you normally have to go through several levels of abstraction which 
makes such notions important. Comment? 

Philippe Palanque: This is an important problem. We do separate the specification from the 
implementation. Tools exist for proving equivalences of Petri Nets but these do not apply to 
0-0 Petri nets. 

Joi!lle Coutaz: How do you specify the mapping between task interruption and PN. Any risk of 
explosion of states? 

Philippe Palanque: For two tasks easy, in general hard. 

Fabio Paterno': Any specific rules for linking PN associated with task model with those 
associated with the user and task model? 

Philippe Palanque: There are no specific rules as it is part of the design process but we are 
considering this issue. 

Pedro Szekely: Why is VAN easier or more widely used than Petri Nets? 

Philippe Palanque: Don't know, I cannot explain it. 

Gregory Abowd: Because VAN is not called a 'Formal Method'. 

Matthew Fuchs: Petri Nets are not easy. 

Philippe Palanque: Some problems such as matching parenthesis are done easily using Petri 
Nets. 

Matthew Fuchs: Others are much harder. 

Pedro Szekely: Are Petri Nets more expressive than UIN? 

Philippe Palanque: Yes. 

Christian Gram: Petri Nets require graphics! 

Manfred Paul: The algorithms regarding liveness and reachability in PN have a complexity that 
prohibits their use in most cases. Have you used your model for real problems? 

Philippe Palanque: No, but partitioning the Net into objects reduces the complexity. 
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Manfred Paul: By a factor not by an order. 

Philippe Palanque: Yes. 


