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Abstract

Task trees are common notations used to describe the interaction between a user and
an interactive application. They contain valuable information about the expected
user behaviour as well on the expected software reactions and, thus, they can be used
to support model-based testing. In this paper, a method for automatically generating
test data from task trees is introduced. The task tree notation is extended to support
operational profile specification. The user behaviour is automatically extracted from
such extended trees as a probabilistic finite input-output state machine, thanks to
formal semantics defined for this purpose for the task tree operators. The resulting
probabilistic machine can then be used to generate test data simulating the user
behaviour. This simulation can be performed using Lutess, a testing environment
developed for synchronous software. The translation of the user interaction model
into a Lutess description is explained and experimental results are reported.

1 Introduction

Interactive applications ensure the access to various commercial services (mo-
bile phones, reservation systems or telecommunication services) and are in-
creasingly involved in several critical domains such as flight or industrial pro-
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cess control. Therefore, their correctness becomes a very important issue and
their development requires thorough validation. Several automated methods
have been proposed for verifying and validating interactive systems based on
formal specifications such as the FSM (Formal System Modeling) analysis [9],
the LIM approach (Lotos Interactor Model) [10], the ICO (Interactive Coop-
erative Object) formalism based on Petri Nets [26, 23| or model-checking [6]
using the Lustre language [5]. In most of these approaches, the interactive
application is formally described as an abstract model and various properties
which must hold are verified on this model by means of traditional verification
techniques (e.g. model checking). Using the B method has also been suggested
[1] where proofs during the refinement process ensure that properties are pre-
served. Model-based testing methods focusing on the specification of the user
behaviour have also been studied. For instance, in [13], a simple task model
is used to exhaustively generate the interaction scenarios. The method pre-
sented in [27] relies on the specification of a finite state machine representing
the behaviour of the system while in [20] the interface is modeled by means
of hierarchical operators, preconditions and post-conditions.

A method to test interactive systems based on the synchronous approach
has been recently proposed in [19, 4]. The synchronous approach has been
successfully used to model and to implement reactive systems. Thanks to the
underlying synchronism hypothesis, the program specification and verification
becomes simpler and easier. The proposed testing approach suggests using the
Lutess testing environment [8], which requires a partial formal specification of
the software user behaviour, provided as a set of Lustre [5] expressions. This
specification can be enhanced with operational profiles. Several test generation
strategies can be applied to the resulting test model to automatically produce
input data. Test input generation is carried out "on the fly" (test inputs are
computed according to the previously produced inputs and outputs).

Although this approach seems promising, it requires a formal specification that
is not easy to provide for interactive application designers who are not familiar
with synchronous languages. This is a concern for all the verification methods
for interactive applications based on formal notations. For this reason, test
data generation methods based on task trees, more common in interactive
application development, have been studied [18|. Task trees are built at early
stages of the application design and describe the interactions between an ap-
plication and the user and, hence, provide a model of the user behaviour. In
this paper it is suggested to enhance task trees with occurrence probabilities
in order to support operational profile definitions. Then, it is shown how such
extended task trees can be transformed into a probabilistic input-output FSM
modeling the user behavior (similarly to approaches on probabilistic modeling
of reactive systems, e.g. |24, 14]). This model is used to automatically generate
test data using the Lutess environment. A similar model is adopted in [2] as
well as in [17, 16], to compute the probability (say p) that the user interacts



with an implementation under test (IUT) by means of a set of test sequences.
If this set is applied to the IUT and the latter reacts as expected in the spec-
ification, then one can conclude that the IUT is correct with a probability at
least equal to p (since non tested sequences can be also correct). Similarly,
the upper bound of the probability to find errors in the IUT is 1 — p. These
investigations also suggest a criterion to assess the suitability of a set of test
sequences, minimizing this upper bound and, hence, increasing the probability
to find an error in the IUT.

The paper is organized as follows. Section 2 introduces task trees and the
particular notation (CTT) used in this research work. Section 2.2 proposes
an extension of this model including operational profile definition. Section 3
formally defines the transformation of this extended task tree into a proba-
bilistic I/O machine and shows how this machine can be used to generate test
sequences. Section 4 focuses on test data generation, in particular when using
the Lutess environment.

2 Using Task Trees for Model-Based Testing

2.1 Task trees

Task models are often used in the design of interactive software applications
and are usually built by human factors specialists. In such models |7], tasks are
represented hierarchically: a task consists of subtasks combined by temporal
operators. Therefore, the model describes the subtasks that must be executed
to fulfill another, more complex, task.

A well known notation for task models is ConcurTaskTrees (CTT) [21]. CTT
includes four kinds of tasks: User tasks (no interaction with the system, just
an internal cognitive activity such as thinking about how to solve a problem),
application tasks (system performance, such as generating the results of a
query, no interaction with the user), interaction tasks (involving user actions
with immediate feedback from the system, such as editing a document) and
abstract tasks (tasks composed of other subtasks).

A CTT abstract task is composed of subtasks connected by means of temporal
operators |21] described in Table 1.



Choice T1[]T2 One task from T1 and T2 is chosen.

Independent Con- | T1|||T2 Actions belonging to two tasks can be per-

currency formed in any order without any specific con-
straints.

Concurrency T1|[]|T2 In this case T1 and T2 exchange information

with information other than the concurrent execution.

exchange

Order Indepen- | T1|=|T2 Both tasks have to be performed but when

dence one is started then it has to be finished before
starting the second one.

Deactivation T1[>T2 The first task is definitively deactivated once
the first action of the second task has been
performed.

Enabling T1>>T2 In this case one task enables a second one
when it terminates

Enabling with in- | T1[|>>T2 | In this case task T1 provides some informa-

formation passing tion to task T2 other than enabling it.

Suspend-resume T1|>T2 This operator gives T2 the possibility of inter-
rupting T1 and then when T2 is terminated,
T1 can be reactivated from the state reached
before the interruption.

Iteration T* This means that the task T is performed
repetitively until the task is deactivated by
another task.

Finite Iteration T1(n) It is used when designers know in advance
how many times a task will be performed.

Optional tasks [T] This indicates that the performance of a task
is optional.

Table 1

The CTT operators
2.2  Adding Operational Profiles to Task Trees

Operational profiles [22]| provide information about the effective usage of an
application. In particular, they can be used to guide the test process. For the
particular case of interactive applications, it would be convenient to define such
operational profiles on task trees. Indeed, assuming the latter to be models of
the user behaviour and to exhaustively represent the interactions between the
user and the application, operational profiles can be easily defined by assigning



occurrence probabilities to some of the described behaviours. It is suggested to
extend the CTT notation to make possible to assign occurrence probabilities
to the user actions involved in the tree operators, according to the following
syntax:

To=t | T[]pn,przT | T|||pT1,pT2T | T[>PT T | T
| T T | Ty | T>>T | T>>T | T(n)
’ T’[”pm,przT ’ T’:’T

where ¢ is an elementary task (that is, an application task or a user task).
We assume that if ¢ is an application task, then it is always followed by an
"enabling” operator. In other words, application tasks are preconditions for
other, interactive or abstract, tasks. This hypothesis simply means that the
task tree provides a model of the user behaviour and not a specification of the
application.

Occurrence probabilities are assigned to operators as follows:

Choice operator: 1T = A[|,., r,B where pra + prg = 1. An execution
probability is specified for every subtask (A, B ).

Concurrency operators: T = AlllyuprsinB (08T = Allllprsoisrann B)
where praaa + praas = 1. To execute the task T', all the subtasks must be
executed. However, only one action from these subtasks is executed at the
same time. Occurrence probabilities can then be assigned to the actions of
these sub-tasks. This means that for every state in the execution of T, the
probability to execute an action from task A is pra.a and the probability
to execute an action from task B is pra.p. This distribution of probabilities
holds when it is possible to execute actions from A and B. If actions from A
are no longer available, then the probability to execute an action from B is 1.

Deactivation operator: 7 = A[>,,, B where prg,. < 1. In any state
of A, the probability for A to be interrupted by B is prycqe.

Suspend-resume operator: T = A| >, B where pry,, < 1. In any
state of A, the probability for A to be suspended by B is prys.



Optional task: [A],, where pry < 1. The probability to execute the task
Alis pra.

Enabling operators, Iteration and Finite iteration: The tasks in-
volved in these operators are executed sequentially with no possible user
choice. So, there are no probability assignments.

Remark 1 The operator Order Independence between two tasks (A/=/B) means
that both tasks must be executed and they can be executed in any order. So, we

consider that (A |=| B) = ((A>>B) [los,05 (B> >A)).

Example: The interactive application "Memo" [3] makes possible to anno-
tate physical locations with digital stickers ("post it"-like notes). Once a digital
sticker has been set to a physical location, it can be read/carried /removed by
other users. A Memo user is equipped with a GPS and a magnetometer en-
abling the system to compute his/her location and orientation. S/he is also
wearing a head mounted semi-transparent display (HMD) enabling the fusion
of computer data (the digital notes) with the real environment.

Memo provides three main tasks: (1) orientation and localization of the mobile
user, so that the system is able to display the visible notes according to the
current position and orientation of the mobile user (2) manipulation of a note
(get, set and remove a note) and (3) exiting the system. So, the mobile user
can get a note and carry it while moving. S/he can set a carried note to a
specific place or delete a visible or carried note.

Consider the following operational profile of the user: The user doesn’t have
a preference between exploring the ground and handling notes; s/he prefers
handing a displayed note than a carried one; if a note is displayed, s/he prefers
getting it than removing it; if s /he carries a note, s/he prefers removing it than
setting it.

Figure 1 shows an extended CTT for the Memo system including this profile.
This tree states that the user can use the application repetitively (iteration
operator *), activity that can be interrupted (deactivation operator [>) with
a probability of 0.1 by the "exit" task. A memo application task is a choice
(operator [|) between two tasks: exploring the ground (probability 0.5) and
handling notes (probability 0.5). Handling notes requires choosing between
handling a displayed note (probability 0.6) or handling a carried note (proba-
bility 0.4). If the system displays a note (memoDisplayed task), the user can
(enabling operator > >) get or remove this note. If the user is carrying a note
(memoCarried task), s/he can (enabling operator > >) set or remove this note.



Memo

use memo system* [>01 exit

exploretheground [lgps 05 handle notes

handle a di@layed note  [lpg 04 handleacarried note
memoDisplayed >> get or remove memoCarried >> set or remove

get [log 02 remove set []g3 07 remove
L L o L

Figure 1. Example of extended CTT

The task "get or remove" chooses between two interactive tasks ("get", "re-
move"), with a probability of 0.8 for "get" and 0.2 for "remove". Similarly, "set
or remove" chooses between "set" (probability 0.3) and "remove" (probability

0.7).

On the other hand, the task "handle notes” specifies a choice between "handle
a displayed note" (probability 0.6) and "handle a carried note" (probability
0.4). Each of these two abstract tasks is composed of an application task which
enables an abstract task. So, "handle a displayed note" cannot be executed
if the application task "memoDisplayed" is not performed (similarly, for the
task "handle a carried note"). As a result, four scenarios are possible for the
task "handle notes":

e If both the application tasks "memoDisplayed” and "memoCarried” are avail-
able, then the user chooses between "handle a displayed note" and "handle
a carried note" (with a probability of 0.6 and 0.4 respectively).

o If only the application task "memoDisplayed" is available, then the user
must choose "handle a displayed note" and execute the task "get or remove".

e Similarly, if only the application task "memoCarried" is available, then the
user must choose "handle a carried note" and execute the task "set or
remove".

e If none of the two tasks "memoDisplayed” and "memoCarried” is available,
then the user cannot perform the task "handle notes".



3 Extracting a formal model of the user behaviour

To make possible the automatic test data generation from task trees with
operational profiles, formal semantics must be associated with the extended
CTT syntax. This can be done in several ways, in particular using probabilis-
tic extensions of Lotos [24, 14]. In this research work, the target model is a
probabilistic input-output FSM, which is also a common model for reactive or
interactive systems (see for example |2, 17, 16]). Such a model is exploitable
in the Lutess testing environment as it is explained in section 4.

3.1  Preliminary definitions

For any task T, a probabilistic I/O machine

Mr = (Qr, qir, qfr, I, O, transy, Pr)
is defined, where:

e ()7 is a set of states

e (ip is the initial state, the state where the task 7" starts. It is a source state
(there is no transition from any state of the task T to its initial state).

e ¢fr is the final state, the state where the task 7' ends. It is a sink state
(there is no transition from the final state of a task to any state of this
task).

e [ is a set of application inputs for the task 7.

e O is a set of application outputs for the task 7'.

o transy C Qr X (IrU{pu})x Or x Qr is the set of transitions corresponding to
the task 7. The input p is an empty input (no user action). If (¢, a, b, st) €

transy, we write gqr o1t sr. Sometimes, the input and the output of the
transition are omitted: gp —— s (stands for ¢ = a/b).

e Pr is the probability function: Pr : transy — [0..1] where the following
property holds:

Property: For every state, the sum of the probabilities of the transitions
leaving this state is equal to 1: Vg € Qr \ {¢fr} : Yoy Pr(¢ — ¢) =1

As it has been mentioned in section 2, a task in the CTT notation can be a user
task, an abstract task, an application task or an interactive task. User tasks
are of no interest for test data generation, since they correspond to cognitive
activities with no input sent to the system.

An application task o is supposed to be modeled by the machine M, =



move/- get/ set/ remove/
1.0 TgmoTaken memoSet | memoRemove:

1.0
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explore the ground M get set remove
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/memoDisplayed | /memoCarried exit/~
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memoDisplayed memocCarried M exit

Figure 2. PFSM of tasks: "explore the ground”, "get", "set", "remove", "memoDis-
played”, "memoCarried”, "exit”

(Qovqimem[oaoo:transoapo> where: Qo = {qio,qfo}, [o = {u}, Oo = {0},

trans, = {qi, #ie, qfo }s Po(qi, #lo, qf,) = 1. In other words, an applica-
tion task is considered as an elementary machine with two states, the unique
transition of which consists in issuing an output.

Interactive tasks involve user actions and immediate feedback from the system.
Test data generation is mainly concerned with those tasks. Interactive tasks
are assumed to be modeled as I/O machines that must be provided at the
beginning of the validation process.

The CTT of Figure 1 contains five interactive tasks: "get", "set", "remove",
"explore the ground", "exit" and two application tasks: "memoDisplayed",
"memoCarried". These tasks are modeled by probabilistic I/O machines, il-
lustrated in Figure 2, where the interactive tasks are elementary interactions
modeled by single transitions, the probability of which is 71.0. For the inter-
active task "get", when the user gets a displayed note, the system displays
the message "memo is taken" and the note disappears from the ground. Simi-
larly, when the user removes a (carried or displayed) note, the system displays
"memo is removed". When the user carries a note and issues the "set" com-
mand, the system displays "memo is set" and the carried note is dropped to
the ground. Finally, when the user moves in order to explore the ground, there
is no particular expected reaction of the system.

Remark 2 The symbol "-" means “any reaction of the system”.

Finally, an abstract task is composed of other tasks combined by the various
CTT operators. Probabilistic I/O machines (PFSM) can be associated with
abstract tasks, resulting from the composition of their subtask PFSM, as it is
explained in section 3.2.



3.2 Transforming an abstract task into a probabilistic 1/0 machine

The following notation is used:

b (q L>T q/)pT for (q L) (]/) € tTCmST and PT(C] L) q/) = pr

o Q77" =Qr\{afr}, Q7" = Qr \ {gir}, Q7" " = Q¢ \ {dgir.afr}

Enabling operators ">>" and "[|>>" Consider three tasks A, B and T,
such as : T'= A >> B. Keeping in mind that the operator >> denotes that
task A enables task B, while the operator [] >> means that task A provides
some information to task B while it enables it, the same semantics are defined
for the two operators >> , []>>: indeed, the information passing from A to B,
when the operator [|>> is used, is of no interest from the test data generation
point of view, since this communication is internal to the application.

Since B starts when A terminates, the final state of A, ¢qf4, will be merged
with the initial state of B, gip to a new state (q¢fa,qig). The formal
definition of the composition is:

Mr(Qr, qir,qfr, It, O, transy, Pr) =
M(Qa,qin,qfa,1a,04,transa, Pa) >> M(Qp, qiB,qfB,1B,0p,transp, Pp)

Qr = Q7™ UQE™ U {(qfa,qi)}, qir = qia,qfr = qfp, Ir = 14 U Ip,
Or=04UO0Opg

The transition relation transr and the probability function pr are defined as
follows:

(¢ =7 8),, if and only if one of the following holds:

(=54 8)pa 0.5 € Q4™ . pr = pa
(@ =4 afA)pa, a0 € Q"™ s = (afa, aiB),pr = Pa
(¢ip =B 8)py: ¢ = (¢fa,4iB), s € Q5™ ,pr = ps
(¢ =B 5)ps, 0,5 € Q™ pr = s

Example: Consider the PFSM of the task : "get or remove" (or "set or
remove") illustrated in Figure 3. Applying the previous definition, this ma-
chine is composed with the machine of the task "memoDisplayed” ("memo-
Carried") (c.f. Figure 2) to get the PFSM of task handleadisplayed note =



remove/ set/ remove/
memoTaken memoRemoved memoSet memoRemoved
0.3 0.7

get orremove setor remove

get []08 0.2 Mremove set []0.3, 0.7 I\/Iremove

Figure 3. PFSM of "get or remove", "set or remove"

H /memoDisplayed u /memoCamed
1.0
remove/
memoTak remove/
memoRemoved memoSet memoRemoved

handle adlsplayed note = M handle acaried note

memoDlspI ayed get or remove memoCarr|ed>> M st or remove

Figure 4. PFSM of tasks: "handle a displayed note”, "handle a carried note"

memoDisplayed >> get or remove (handleacarriednote = memoCarried >>
set or remove), provided in Figure 4.

Choice operator "[]|" Consider three tasks A, B and 7T, such as: T =
Allpr s prsB » where pra+prg = 1. Since the operator [] denotes that task 7" is
performed by choosing one task among A and B, T starts when either A or B
begins, and it ends when the chosen task ends. So, the initial state of T', qip will
be the combination of the two initial states gis and qip (¢ir = (qia, qig)). The
final state of T', ¢ fr, will be also the combination of the two final states (qfr =
(qfa,qfB)). The transition probabilities of the resulting machine are computed
as follows: for every state of the automaton resulting from the composition, if
this state is not the initial state gi7, then the probability value of the origin
transition is preserved. Else, this probability is multiplied with the probability
of the task automaton to which the transition belongs. The formal definition
of the composition is:

MT(QTa qiTv qu7 [T7 OT7 tTClTLST, PT)
= MA(QAa in? qu7 [Aa OA) transA, PA) HPTAJ”’B
Mp(Qs,¢iB,qfB, I, Op,transg, Pg)

Op = ;zmt fin Q;mt_fm U{(qia,qiB), (afa,afB)},

qir = (qia, qig), ¢fr = (¢fa,afB), Ir = 14U Ip,Or = 04U Op



M

M handle a displayed note[l 0.6,0.4 M handle a carried note M explore the ground H0.5, 0.5 M handle notes

use Memo system™

M handle notes —

Figure 5. PFSM of "handle notes", "use memo system"”

The transition relation transy and the probability function Pr are defined as
follows:

(¢ == s),, if and only if one of the following holds:

Gia —>a8)ps 0= (qia,qip), s € Qy™" ™ pr=prapa

¢ =4 8)pas 05 € QL™ pr = pa

04 qfa)ps @ € QL™ ", s = (afa,afB), Pr = Pa

qia ——a qfa)pas ¢ = (qia,qiB), s = (¢fa,qfB), Pr = Pra.pa
Gip —=5 5)ps, = (qin, qig), s € Qg™ ", pr = prp.pe

4 =B 8)ps, 1,5 € Qéiéi%_ﬂé, Pr =PsB

¢ =5 qfB)ps ¢ € Q""" s = (qfa,afB), pr = DB

qip ——8 qfB)ps, ¢ = (i, qiB), s = (q¢fa,qfB), Pr = PrE.DB

e 6 o o o o o o
o N R N N T R

Examples: In the Memo example, applying the previous definition of the
composition results in the PFSMs of get | s 0.2 remove, set [|o.3 0.7 remove (see
Figure 3) from the PFSMs of the tasks "get", "set", "remove" illustrated in
Figure 2.

Consider the PFSMs of tasks: handle a displayed note, handle a carried note in
Figure 4. From these machines, applying the previous definition, the PFSM
of the task handle notes = handle a displayed note [|o.¢,0.4handle a carried note is
built (see Figure 5-left). This machine is composed with the machine of the
task explorethe ground (c.f. Figure 2) (use Memo system = explore the ground
[Jo.5,0.5handle notes) to get the PFSM illustrated in Figure 5 (right).

Iteration operator "x" Consider two tasks A and T, such as : T = A*.

In the probabilistic I/O machine corresponding to the repetitive task 7', there
are two types of transitions:

e transy: transitions of M4 where the final state has been replaced by the
initial state (iteration).



e transy: transitions from the initial state gir, added to preserve the initial
state of a task as a source state. In fact, because of the iteration, there are
transitions to the state gis. The added state qir is a source state and the
same actions, that can be executed from the state ¢i4, can be also executed
from the state qir.

The probability of a transition in the resulting machine is the same than in
the original machine. The formal definition of the composition is:

MT(QTa qiTv qu7 [T7 OT7 tTClTLST, PT)
= MA(QA) in? qu7 [Aa OB: tranSAa PA)*

Qr = Q;fi” U{qir,qfr}, It = L4, Or = Oy, transy = transa U transy

where transy C Q7™ x It x O4 x Q'™ and the values of the associated
probabilities are defined as follows:

(qa 4 $4)p, if and only if one of the following holds:

® (qa ——4 SA)pas DT = Pa
a .
® (g4 —— 4 qfa)pas SA = qia, Pr = DPa
And transy C {qir} x I% x O4 x Q'™ and the values of the associated
probabilities are defined as follows:

(QZT L)T’ SA)pT IH (QZA L)A’ 5A)pT

Note that the final state ¢ fr of the repetitive task is not reachable because
the iteration continues until the task is deactivated by another task.

Example: Figure 6 provides the PFSM of task use Memo systems.

Deactivation operator "[>" Consider three tasks A, B and T, such as:
T = A>pry.. B Where prgeq. < 1 which means that in every state of A, the
probability for A to be interrupted by B is prgeq.. The operator [> denotes that
B can deactivate A when the first action of B occurs. So, in the machine of T,
Mr, from each state of M, (excepted the final state qf4) there is a transition
labeled by the first action of task B towards the corresponding state in the
machine Mp (when task B can start by one action among several actions, there
will be a transition for every action). Since 7" ends when A has finished without



0.7
remove / memoRemove
0.2

remove /

memoTaken| /memoDisplayed memoRemove:

9%

use Memo System*

M

Figure 6. PFSM of task "use Memo system *"

interruption or when B has interrupted A and has finished, the final state of
T, qfr, will be the combination of the two final states (qfr = (q¢fa,qfB))-

In the machine My, there are three sets of transitions:

e The set trans containing the transitions of M 4.

e The set trans p containing the transitions corresponding to first actions of
the machine Mp which can interrupt A.

e The set transp containing the transitions corresponding to the continuation
of B after A interruption.

The transition probabilities of the resulting machine and the formal definition
of the composition are computed as follows:
MT(QT, qiT7 qu) ]T7 OT7 tTanST: PT)
= MA(QAa in7 qua [Aa OA7 transA, PA) [>P7“deac
Mp(Qp, qis,qfB, I, Op,transg, Pp)

Qr = Q" UQE™ " U{(afa,af8)}, dir = qia, afr = (afa,af5),

Ir =1,Ulg,Or = 04U Op,transy = transa Utrans,p U transpg

where transy C Q7™ x It x O4 x (Q47™ U (qf4,qf5)) and the associated
values of Pr are defined as follows:

(g4 = 4r q)p, if and only if one of the following holds:

o (g4 54 Qpss 4 € Q" pr = (1 — Plaeac)-pa

i (qA L)A QfA)pAa q= (QfA>qu)a pPr = (1 _prdeac)-pA

transag C Q7™ x Iy x Op x (Q5"" 1" U (¢f4a,qfp)) and the associated
values of Pr are defined as follows:



memoTaken

/memoDisplayed, remove /
memoRemoved

exit/

SP)

0.1M

M Memo =M use Memo system* [> exit

Figure 7. PFSM of task "memo"

(ga B q)py if and only if one of the following holds:
. b —init— fin o

b (qZB B Q)pga S QB y PT = PTdeac-PB
. b

L (QZB —B qu)pBa q= (QfA7 qu)a Pr = PTrdeac-PB

transg C Q""" x I x Op x (Q™" 1™ U (qf4, qfp)) and the associated
values of Pr are defined as follows:

(qm LI q)p, if and only if one of the following holds:
b —init—fin o

® (48 —B Q)py, 1€ Qp » Pr = PB
b

L (QB —B q,fB)p}g? q= (QfAuqu)7 Pr = PB

Example: Figure 7 provides the PFSM of task Memo = use Memo systems
[>0.1 exit. In this machine, from every state of the PFSM of task use Memo systemsx
there is a transition labeled by "ezit/—" (the first and the only action of task
exit) to the final state with an interruption probability equal to 0.1. The
probabilities of the transitions of task use Memo system= are multiplied by
09(=1-0.1).

Independent concurrency operator "|||"

Mr(Qr, qir, qfr, Ir, Or, transy, Pr)
= MA(QAa in7 qua [Aa OA7 transA, PA)H'PTActAﬁDTActB

Mg(Qp,qig,qfB, I, Op,transg, Pp)



QT = QA X QBaqiT = (inaqu)7QfT = (qu7QfB)7
Ir =1,Ulg,0Or =0,4U0Op

The relation transy and the probabilities of the transitions are defined as
follows:

((ga,98) ——7 (sa,5B))py if and only if one of the following holds:

pas 4B = 5B 7 qfB, PT = DTactA-PA
par 4B = SB = qfB, Pr = pa

)va qa = SA # qfa, PT = PraaB-PB
4B —B SB)pgs 4A = SA = qfa, DT = DB

e 6 o o
N
SO N
»nw W
P

Remark 3 For the operator Concurrency with information exchange (|[]|),
the information exchanged between the two tasks is of no interest from the test
data generation point of view, so the same formal definition is adopted for the
two operators ||| and |]|.

Finite iteration operator "(n)"
MT(QTa qiT7 qu7 ]7 Oa transT) - MA(QA7 ina QfAv Ia 07 tTCL’I’LSA)(n)

Qr = {(qa,9) | g4 € Q" € [L.n]} U {qfr}
qiT = (ina 1)

where the relation transy and the transition probabilities are defined as fol-
lows:
((ga,i) —57 (84,7))p, if and only if one of the following holds:

(ga —5 4 SA)pas © = J, PT = Da
(QA —A QfA)pA7 J=1t+1, 54=qia, pr =Dpa

[ ]
[ ]
((ga,7) —>7 qfr)p, if and only if (qa —5a qfa)pa »i=mn,Dr =Da

Suspend-resume operator "| >"
A| >,,... B, means that, in every state of A, the probability for B to suspend



A is pres. We assume that A can be suspended several times by B. For
example, the task "editing a text" can be suspended several times by the task
"printing".
M7 (Qr, qir,qfr, I, Or, transy, Pr)
= MA(QAJ in? Qan ]Au OA7 tTClTLSA, PA>| >p7"sus
Mg(@s,qiB,qfB, I, Op,transg, Pg)

Qr = {gir} UQa U Q™ x Q"™
afr =qfa, Ir = 14U I, O =04 UOp

transy = transy Utransag Utransg Utransy

where transa = trans, and if t € transy then Pr(t) = (1 — preys).Pa(t).

The transition relation transip C Q" x It x Op x (Q7™ U (Q,7™ x
Q5""1™)) and the associated values of Py are defined as follows (the transi-
tions of this set correspond to the first actions of B that can suspend A):

(qa 25 (s4,5B))p, if and only if

. b
(qZB —B SB)pB y A = SA , PT = PVsus-PB

(qa L. SA)py if and only if

. b
(qZB — B QfB)pB y qA = SA , PT = PTsus-PB

The transition relation transp C Q7™ x Q5™ 1My x It x Op x (Q,7™ U
Q7™ x Q5™ 1™)) and the associated values of P are defined as follows
(the transitions of this set correspond to the continuation of B after A has
been suspended):

((94,98) l>B/ (54,58))py if and only if

b
(C]B —B SB)pB y A = SA , P = PB

((g4,98) LB/ SA)py if and only if

b
(CZB —B QfB)pB y qA = SA , PT = PB

The transition relation transy C {qir} x I x (QaU ({gia} x Q5" /™)) and
the associated values of Pr are defined as follows (the transitions of this set
start from the new initial state gi7, which is added because the initial state of
a task must be a source state. In fact, because of the suspend-resume operator,



there are transitions to the state gis. The added state qip is a source state
and the same actions, that can be executed from the state gi4, can be also
executed from the state qir):

(qir =7 84)p, if and only if one of the following holds:

o (qia —— A Sa)ps
. C . .
L (QZA —AB qZA)pTa S4 = (A

. b . . . b .
(QZT T (q@A, SB))pT iff (C]@A —AB (qZA7 SB))pT

Optional task The optional tasks must be used with the activation or the
independent concurrency operators [15]:

Activation operator:

[A}ZW’A >> B = (A >> B)HPTA7(1—IJTA)B

Independent concurrency operator:

B

[A]PTA | | |p7nAct[A] yPT ActB

= (A‘ ’ ’prAct[A] PTActB B) HPTAv(l*pTA)B

4 Model-based test generation

The PFSM obtained from the extended task tree is a model of the user be-
haviour. It expresses what are the possible user actions and how probable
these actions are. Simulating this model results in generating test data for the
interactive application. The main idea is to use this model to produce inputs
“on the fly”, while the interactive application is executed.

In section 4.1 it is shown how the PFSM should be simulated in theory for
such an on-the-fly test generation dealing with the specified operational pro-
files while in section 4.2 it is shown that this model can be translated in an
equivalent representation exploited by the Lutess testing environment, which
has been used for a preliminary experimental evaluation of the approach.

The PFSM obtained in section 3, which is actually the test model, describes
the interacting user behaviour (i.e. it is not a model of the application). We
suppose that this model verifies the following properties:

e Vg such that ¢ i/, q,q /o] q", i1 # i, 1o # u this implies that iy # is.



w/

ploy B%% 7, this implies that oy # 0s.

e Vg such that ¢ = ¢/, ¢

4.1 Generating tests from the test model

It is assumed that the PFSM is simulated while the interactive application un-
der test is executed and that inputs and outputs are exchanged between them
on-the-fly. During the simulation, assuming the PFSM to be in a given state,
an input is chosen according to the probabilities of the outgoing transitions
of this state. The chosen input is then sent to the interactive application, the
resulting application outputs are read and the set of possible following states
is computed (the current state may have several succesor states in only one
case: The input is empty (1) and the outputs of the application enable more
than one transition). The next state is randomly chosen in this set according
to the specified probabilities, and so on.

Formally, the simulation of the PFSM associated with an extended task tree
is carried out by means of the following functions:

Definition: behs : Qp — 27 where

behr(q) = {i € I} | 3o,p, q Z/—O>T p} is the set of all valid inputs of the appli-
cation in the state q.

Definition: pTransy : Qr x I} x 207 — 297 where

pTransr(q,i,0s) = {p| ¢ £>T p,0 € os} is the set of arrival states of
transitions leaving the state ¢ having an input ¢ and of which the output is in
0s.

Remark 4 When applying this function on the test model described in section
3, if the input 1 is not empty, there is at most one possible transition.

Definition: A distribution of probabilities on a set A of elements, denoted
by ProbDist 4 is a set of pairs < el, pr > such that el € A, pris areal € [0..1],
such as:

Z pr=1

<el,pr>€ProbDist 5

If A is empty, then ProbDist, is also empty.



Algorithm 1
l.var
2. preq,q € Qr, pFollowingq € 29T,
ci€ (I U{p}), oset € 207
. begin
. g qir
while (behr(q) #0)

oset «— ()

i < draw(ProbDistIn(q))
9. if (i # ) then write(i)
10.  wait(C)
11.  read(oset)
12. preq < q
13.  pFollowingq «—pTransy(preq, i, oset)
14.  if (pFollowingq #0)
15. then
16. q —draw(ProbDistTrans(preq,i,oset))
17. else g — preq
18. end while
19. end

00 N & T w

Definition: If F is a set of elements and 2% is the set of all the sub-sets
of E, ProbDistSetyr is the set of all possible distributions of probabilities
on all the sub-sets of E. In other words, an element of ProbDistSetsr is a
distribution of probabilities ProbDist, on a set A € 2%.

Definition: ProbDistin : Qr — ProbDistSetQ# where:

ProbDistIn(q) = ProbDistyen, ) ={< i,pr > |i € behr(q),pr =>,, Pr(q e,

r)} is a distribution of probabilities of valid inputs in the state q.

Definition: ProbDistTrans : Qp x I x 207 — ProbDistSetqo, where:
ProbDistTrans(q,i,0set)= ProbDistyrransy(gi0set) =

i/o
Zoe oset PT (q—)q/)

P i/o
ZrepTransT(q,i,oset),oEoset T(q T)

is the distribution of probabilities of possible following states for the state ¢,
the input 7 and the set of outputs oset.

{< ¢ ,pr>|¢ € pTransr(q,i,oset), pr =

Definition: draw : ProbDistSetor — E where:
draw(ProbDist 4) returns an element of A with respect to the distribution of
probabilities ProbDist 4.



The algorithm 1 performs the test data generation. In line 8, an input is chosen
according to the probabilities of the transitions leaving the current state (set
to the initial state in line 5). This input (if it is not empty) is sent to the
interactive application (line 9). Then, the generator waits for the reaction
of the application (linel0) and the outputs are read (line 11). The set of
possible following states is computed (line 13) and a state is chosen according
to the distribution of the associated transition probabilities (line 16). Indeed,
assume that from the current state s the empty input u is chosen (the only

case where we can have more than one following states) and the transitions

t1 = (s uloy 51)pr1s t2 = (s ulog 82)pr2, --.. can be fired : If the application issues

o1 only (or o, only) then the transition to s; (to s3) is chosen. But, if the
application sends o; and oy in the same execution cycle, then the new state
is chosen according to the probabilities of the transitions prob(s;) = —2*

prit+pra’
pr2
prob(sy) = 2.

Consider the PFSM of Figure 6 and suppose that the current state is ¢; and the
chosen input is p, four test scenarios are possible according to the application
behaviour:

e If the application displays a note (memoDisplayed) and the user carries a
note (memoCarried). In this case, two transitions can be fired, to states
g2 and 3. The probability of the transition to qo is = 0.6 and the
probability of the transition to g3 is 537755 3 +0 5 = 0.4.

e If the application displays a note (memoDisplayed) and the user does not
carry a note, only one transition can be fired, to state ¢s.

e Similarly, if the application does not display a note and if the user carries
a note (memoCarried), only one transition can be fired, to state gs.

o [f the application does not display a note and the user does not carry a not,
no transition can be fired.

03+02

4.2 FExperimental evaluation with Lutess

4.2.1 Lutess overview

Lutess [8] is an environment initially designed for testing synchronous software.
Lutess requires a test model, including a specification of the software external
environment (i.e. input variables behaviour) as a set of invariant properties
and operational profiles [25]. From this non deterministic specification, Lutess
builds a generator of test data: at each step, the generator draws a valid vector
of inputs conforming the environment specification and sends it to the system
under test which reacts with an output vector and feeds back the generator
with it. The cycle is repeated while an automatic oracle observes the program
inputs and outputs. Valid inputs are selected randomly or in conformance to



the specified operational profiles.

The specification language of Lutess is an extension of Lustre, a synchronous
declarative data-flow language [11|. Within Lustre, any variable or expression
represents an infinite sequence of values and takes its n-th value at the n-th
cycle of the program execution. Lustre offers usual arithmetic, boolean and
conditional operators and two specific operators: The (pre) operator which
refers to the "previous" value of an expression, and the "followed-by" (->)
operator which is used to set the initial value of a flow. Let E and F be two
expressions of the same type denoting the sequences of values (eq, ey, ..., €p, ...)
and (fo, f1, -y fu,---); fi is the value of F at instant i. Then pre(E) denotes
the sequence (nil, eq, €1, ..., €y, ...) where nil is an undefined value; while E->F
denotes the sequence (eq, fi, ..., fa,...). A Lustre program is structured into
nodes. A node is a set of equations which define the node’s outputs as a
function of its inputs. Once a node is defined, it can be used inside other nodes
like any other operator. Lustre is an executable specification language, which
also provides the main characteristics of a linear temporal logic of the past
[12]. Therefore, temporal logic formulas can be easily implemented as Lustre
programs. The user can define her/his own logical or temporal operators to
express invariants or properties.

Within Lutess, the test model is specified in a special Lustre node called
testnode. A testnode has as inputs (resp. outputs) the outputs (resp. inputs)
of the software under test. The general form of a testnode is given in Figure
8. There are four operators specifically introduced for testing purposes:

e The environment operator makes it possible to specify invariant properties
of the program environment.

e The prob operator is used to create operational profiles where the selection
of the program inputs is performed with respect to probabilities specified
by the tester. prob(C,E,P) means:

- Cis a condition relating to the past values of the input/ output parameters,
- E is an expression returning a boolean value,

- P is a real constant in the interval [0.0..1.0],

- if the condition C holds, then the probability for E to hold is equal to P.

e The safeprop operator is used for safety property guided testing (which
leads the test generation towards situations that could violate the program
properties). In addition, the hypothesis operator is used for specifying
hypotheses on the program under test in order to ease the computation of
test data for safety property guided testing.



testnode Env(<SUT outputs>) returns (<SUT inputs>);
var <local variables>;
let

environment (Ec1,Ec2, ....,Ecn);

prob(C1,E1, P1);

prob(Cm,Em, Pm);

safeprop(Spl, Sp2, ...., Spk);

hypothesis(H1,H2, ....,H1);

<definition of local variables>;
tel;

Figure 8. Testnode syntax

4.2.2  Automatic generation of the Lutess test model

In this section it is shown how the Lutess test model (testnode) associated with
a task tree can be automatically built. For sake of clarity, this construction
is presented in two steps. In the first step it is shown how the FSM associ-
ated with the task tree is represented without any probability considerations.
Probability assignments are introduced in the second step.

Building the basic test model

Consider the FSM (Qr, qo, I1, O, Transr) (Qr = {qo, ¢1, ---, ¢, } is the state
set, qo is the initial state, I+ = {ig, i1, ..., i, } is the input set, Or = {09, 01, ..., 0n }
is the output set, Transr is the transition set) corresponding to a task tree
T. It is assumed that the root task of this tree is an iterative task, then the
final state is not reachable (this means that the interactive system is executed
until the user performs an exit action).

The inputs I of the interactive application are the outputs of the testn-
ode and, conversely, its outputs O will be the inputs of the testnode. These
inputs/outputs are defined as boolean parameters: A true value for an in-
put/output means that this input/output occurs.

testnode CTT_T(og, 01,..., O,: bool)returns (ig, %1,..., in: bool);

Boolean local variables (qo, ¢1, ..., @n) represent the effective state of the
testnode, in addition to other variables (pqy, pqi, ..., pg,) that abstract
the possible next states at a given instant. A local variable mu is used to define
the empty input p (false valuation for all the input variables).

var
-- effective state

o> 15 ..., Qn: bool;
-- possible next states



Pqo> PG1, ..., PQn: bool;
-- variable defining the empty input u

mu: bool;

let

-- modeling the empty input p
mu = not (¢g or 4y or ... or i,);

For every state qx, a boolean variable pq is defined, true when a transition to
the state ¢y is possible from the current state.

-- modeling that ¢, can be the next state:
in/op ij/04
-=qn — ks 45 — Qs - -,

Z‘l/ol Z‘m/o'm
= Gk — 41, Qk — Qqm,

pqr = false->

pre (g, and i, and o)
or pre (g; and ¢; and 0;)
or ...

or (pre (qx

and not (¢; and o;)

and not (i, and o,,)

and not ... ));

The initial state ¢ is a source state:
in/op i5/0;

== qo — 4n> 9o — g5,

pPgo = true->

pre (qo

and not (i; and o)

and not (¢; and o;)

and not ... );

The current state is randomly set by assigning values to the variables (qo, ¢1,
.» Qn)- At a given instant, gy can be active (go = true) only if there is a
possible transition to this state (pgy = true):

environment (implies (qo, pqo)
and ...
and implies (g,, Pgn));

There is exactly one active state at the same time:

environment (#(qy, ..., p)*

1 The (#) operator means that at most one of the parameters is true at a given step



and (gy or ... or ¢,));

As every transition of the FSM issued from the task tree is labeled by one
input, at most one input is active, at every step:

environment (# (ig, %41, ...,%,));

The inputs are produced in conformance to the current state.

il/ol Zm/Om
-- Qk qi>---5 gk dm »
environment (if ¢, then (¢; or ... or i,) else if ¢, then ...);

For the example of Memo, considering the FSM of the Figure 6, the resulting
testnode is illustrated in Figure 9.

Adding operational profiles

Consider the PFSM (Qr, qo, I7, Or, Transr, Pr) corresponding to a prob-
abilistic task tree T. Assuming the current state to be ¢z, the valid inputs
are those labeling the transitions leaving this state. By using the function
probDistIn defined in the section 4.1, the probability of each input to be gen-
erated can be computed. If in the state ¢, the valid inputs are: i;, i,,, ... and
probDistIn(qy) = {< i1, pri >, < im, prm >, ...} then the following statements
are added in the testnode:

prob (pqk, i, pri); (1)

prob (pqk, im, Prm);

Indeed, a state can have more than one possible successor states (more than
one pg; is set to true) when the empty input (u) is chosen. For instance, in
the Memo example of paragraph 4.1, there are two possible transitions from
q1 with the empty input u: one to ¢o and another to g3 when memoDisplayed
and memoCarried occur in the same time. In this case, the operational profile
information is taken into account to choose the next state.

For every state ¢, with transitions labelled with the empty input (u), the
successor states are computed as follows:

suc(qn, 1) = {qe[3o, gn e, qr} (2)

of computation.



testnode CTT_Memo
(memoDisplayed, memoCarried, memoTaken, memoSet, memoRemoved :bool)
returns (move, get,set, remove :bool);
var
P90, pql, pg2, pgq3 : bool;
q0, ql, 92, g3 : bool;
mu: bool;
let
mu = not (move or get or set or remove);
pq0 =true ->pre (q0 and not (move)
and not (memoDisplayed and mu)
and not (memoCarried and mu));
pql = false ->pre (q0 and move)
or pre (ql and move)
or pre (g2 and get and memoTaken)
or pre (g2 and remove and memoRemoved)
or pre (g3 and set and memoSet)
or pre (g3 and remove and memoRemoved)
or pre (ql and not move
and not (mu and memoDisplayed)
and not (mu and memoCarried));
pa2 = false ->
pre (gl and mu and memoDisplayed)
or pre (g0 and mu and memoDisplayed)
or pre (g2
and not (get and memoTaken)
and not(remove and memoRemoved)) ;
pa3 = false ->
pre (ql and mu and memoCarried)
or pre (q0 and mu and memoCarried)
or pre (g3
and not (set and memoSet)
and not(remove and memoRemoved)) ;
environment ( implies(qO, pq0) and
implies(ql, pql) and implies(q2, pg2)
and implies(q3, pg3));
environment (#(q0, ql, 92, g3)
and (q0 or gl or g2 or g3));
environment (#(move, get,set, remove));
environment (if qO then (move or mu)
else if gl then (move or mu)
else if g2 then (get or remove)
else (set or remove)); -- state g3
tel

Figure 9. The testnode for Memo



For the example of Memo, the successors are:

suc(qo, move) = {q }, suc(qo, 1) = {q2, g3}
ucgql,move) ={a}, suc(q, 1) = {q2, a3}
(

» O

uc(qa, get) = {q1} , suc(qe, remove) = {q: }
suc(qs, set) = {q1}, suc(qs, remove) = {q1}

This function makes possible to compute the states which can be simultane-
ously active: {g2,¢3}). States ¢; and gy can only be active alone.

The probabilities of the inputs leaving qg and ¢; are specified in Lutess as
explained above (c.f. formula 1):

prob (pq0, move , 0.5);
prob (pq0, mu, 0.5);
prob (pql, move , 0.5);
prob (pql, mu, 0.5);

In the case of more than one successor states, the Lutess generator has to
choose one state according to the operational profile specification. To do so, the
function suc is used (c.f. equation 2). Assuming the cardinality of suc(gp,iz)
is more than one, several cases are possible during the execution according to
the reaction of the interactive application under test:

e one transition from ¢, to a state g, € suc(qn, ip).
e more than one transitions from g, to some states in suc(qs, ip)-

So, the set of all the subsets of suc(gy,i,) is considered and for every not
empty subset (YQ € (25uc(arir) \ {(}})) the following condition can hold during
the execution:

Co = false -> pre ¢, and (Vg € Q : pgr) and (Vg; € Q' : not pg;)
where Q" = suc(qn, ip) \ @ is the complement of Q.

For Memo, suc(qi, jt) = {q2, g3} and 22%} = {{go}, {g3}, {q2, 03}, 0}, s0 the
following conditions can hold during the execution:

e (4 = false -> pre ql1 and pq2 and not pg3
e (4 = false -> pre gql1 and pg3 and not pg2
o (Cfpq;) = false -> pre ql and pg2 and pq3

For a given condition Cg, since one state has to be chosen in (), a probability
is specified as follows:

For all ¢ € @ the probability to reach g is:



_ Pr(gnyinqx)

= : here:
PTq, Pr(qn,in,Q) where

o Priqn,in,qx) = >, Pr(qn /g qx) is the probability of the transitions from
qn tO g

o Pr(qn,in, Q) = Xyeq Pr(an,in, q) is the sum of the probabilities of the tran-
sitions from g, to all states in Q.

For every ¢, € @, given the function probDistIn(q,) = {< i,pr; >, <
ims PTm >, ...+ (which specifies the probabilities of valid inputs in ¢;), proba-
bilities for Lutess can be specified as follows:

prob (Cq, qi and i, pry, * pry);
prob (Cg, qr and im, pry, * prm); (3)

In the Memo example, when the condition Cg, 4,3 holds, the probabilities to
choose the states qo, g3 are respectively:

o pr,, = prg1,p.92) _ 03 _
2 " pr(q1,i,q2)+pr(q1,4,q3) 0.3+0.2

_ pr(q1,1,93) _ 02 _

[ ] g = e
PTas pr(q1,1,92)+p7(q1,1,93) 0.3+0.2

The corresponding Lutess specification is the following:

prob (false -> pre ql and pq2 and pq3, g2 and get, 0.6 * 0.8);
prob (false -> pre ql and pg2 and pq3, g2 and remove, 0.6 * 0.2 );

prob (false -> pre ql and pg2 and pg3, g3 and set, 0.4 * 0.3 );
prob (false -> pre ql and pq2 and pgq3, g3 and remove, 0.4 * 0.7);

The whole probability specification for Memo is given in Figure 10.

Table 2 shows an extract of the execution trace resulting from a test opera-
tion. It can be observed that when a note is displayed the user prefers doing
"get" than "remove", and when a note is carried the user prefers doing "re-
move" than "set". When there is a note displayed and a note carried the user
prefers handling the displayed note by taking this note. The user has no pref-
erence between moving and handling notes. This behaviour conforms to the
operational profile of Memo user of Figure 1.



prob (pq0, move , 0.5);

prob (pq0, mu, 0.5);

prob (pql, move , 0.5);

prob (pql, mu, 0.5);

-- Choosing current state and input according to operational profile
information when in-determinism can occur:

— suc(ql,mu), Cyyo

prob (false -> pre ql and pq2 and not pq3, get, 0.8);

prob (false -> pre gl and pg2 and not pg3 , remove, 0.2);
—suc(ql,mu), Cys)

prob (false -> pre ql and pq3 and not pq2, set, 0.3);

prob (false -> pre ql and pgq3 and not pgq2, remove, 0.7);

— suc(ql,mu), Cig,q3)

prob (false -> pre ql and pg2 and pq3, g2 and get, 0.48);
prob (false -> pre ql and pq2 and pq3, 92 and remove, 0.12);
prob (false -> pre ql and pg2 and pq3, g3 and set, 0.12);
prob (false -> pre ql and pq2 and pg3, g3 and remove,0.28);
— suc(q0,mu), Cyyo)

prob (false -> pre q0 and pq2 and not pg3, get, 0.8);

prob (false -> pre q0 and pgq2 and not pg3 , remove, 0.2);

— suc(q0,mu), Cysy

prob (false -> pre q0 and pq3 and not pq2, set, 0.3);

prob (false -> pre q0 and pgq3 and not pq2, remove, 0.7);

— suc(q0,mu), Cig243}

prob (false -> pre q0 and pg2 and pq3, g2 and get, 0.48);
prob (false -> pre q0 and pq2 and pq3, g2 and remove, 0.12);
prob (false -> pre q0 and pg2 and pq3, g3 and set, 0.12);
prob (false -> pre q0 and pgq2 and pq3, 93 and remove,0.28);

Figure 10. the probability specification of Memo for Lutess

5 Conclusion and future work

Model-based testing of interactive applications has been studied for several
years. Naturally, adapting models used in reactive system verification seems
a suitable approach, as it has been shown, for instance, in [17, 16, 4, 27, 6].
But the corresponding notations are not common in the human-computer
interaction domain. In this article, it is proposed to use an extended version of
a well-known notation in interactive application design, task trees (and more
precisely, CTT). Task trees are enhanced with operational profiles to make
possible the definition of various interaction scenarios. Then, adequate formal
semantics are defined for the CTT operators making possible to translate a
task tree into a probabilistic input-output FSM modeling the user behaviours.
Such a model can be used for automatic test data generation either by means
of an ad hoc generator, either using already existing tools, such as the Lutess
testing environment, as illustrated in section 4.2.
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Table 2
An extract of the execution trace of Memo where

mDis:

memoDisplayed, mCar: memoCarried, mTak: memoTaken, mSet:

memoSet, mRem: memoRemoved

There are several perspectives for future work. In terms of test modeling, user-
defined operational profiles could be improved to optimize the probability to
find errors, as it is suggested in [17]. Moreover, properties that the interactive
application should verify could be specified and, then, used for property-guided
testing (for instance using the Lutess features).
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