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Abstract. While designing a service-oriented system, deciding whetlservice
interaction is desired or harmful is a subjective choice Whiepends on the
requirements expressed by the user with respect to the eém@gration. In this
paper, we define both a formalism and a methodology which, ctisply, allow
us to automatically analyse interactions based on speificaonsistency. For
the latter (i.e. the methodology), we take advantage of bpétifier expertise
and formal methods.

Keywords: pre-post formalism, specification consistency, statidyais feature
integration, feature interaction resolution.

1 Introduction

The work presented in this paper was performed within the dfr@moject ValiSery

in collaboration with the French telecommunication compBranceTelecom and the
LSR team of the university J. Fourier of Grenoble [8]. Thisjpcbwas devoted to ser-
vice (feature) design for telecommunication purposes. diheof this project was to
better answer both feature system specification and the lyimgproblems:feature
integrationandfeature interactionsindeed, software telecommunication systems are
composed of a kernel providing the basic expected fundiitesmand a set of satellite
entities, called featurésEach of them aims to modify the set of functionalities char-
acterising the rest of the system (possibly including otilezady existing features).
This project also aimed to develop an assistant tool fogiatiing new phone services.
The interest was to provide support for rapid service-aedrdevelopment which is
an important issue, especially for telecommunication afpes. Indeed, the primary
motivation to offer numerous features to users is that thefseffered features differ-
entiates providers, and then becomes a significant souioeahe. However, if some

* this work was partially supported by the RNRT French projesLNSERV and by the Euro-
pean Commission under WGs Fireworks (23531)

3 the acronym of which means “Validation de Services”.

* In the following, we will indifferently use the two words featuand service although we are
aware of that services also represent more particulariypdtien of components such as web
services.



behaviours of a telecommunication system do not confornotoesfeature descrip-
tions offered to customers, this may have calamitous effectthe public image of the
concerned provider.

The paper is the continuation of the works developed in [By4giving the theo-
retical basis of the methodology and the tool presentecersely in [4] and in [3].
This will be briefly recalled in Section 4. Our purpose is theridimally define an
integration methodology allowing to solve interactionsuteésg from an inconsistent
integration of a feature in a system specification, accgrttinexpert’s point of view.
The theoretical foundations will be based on algorithms threactness of which will be
proved (see Theorem 2 and Theorem 3). These algorithms disespécification con-
sistency. More precisely, interactions are properties kv/hi® violated. They may be
qualified as desirable or not by an expert who can modify battttimsidered property,
and integration choices to make service integration confr its judgement. Thus,
interaction resolution takes care of interactions which rhayintroduced during the
integration process. To ease the service design, we defind@natic formalism (i.e.
system behaviour is specified by logical properties) whichbwilused for detection and
resolution. This formalism aims to specify telecommuri@atsystems viewed along
phone services at which customers can subscribe. Now, battafism and methodol-
ogy can be obviously extended and applied to specify andwattoally analyse interac-
tion in systems viewed along services (not necessarily peendces) at which objects
can subscribe (e.qg. lifts equipped with different serviagshsas the basic service and
the service which indicates a priority floor).

The methodology presented in this paper will then take a@egnbdf designer’s
expertise with an interactive integration activity assidtg static analysis of specifica-
tion consistency. This static analysis will be based on sylimbechniques dealing with
phone variables to deduce the appropriate subscriptiofigtmation. Hence, the for-
malism defined in this paper will manipulate state transitigdes (str), invariants and
inequations between phone variables. The formalism degdlopthe paper is then a
simple restriction of classic pre -post logical languad®e interest of such a language
is twofold:

1. it allows to automatically detect inconsistencies aftéggrating a new feature in a
system specification. This is precisely the main goal of tesent paper.

2. its syntax is very simple up to some syntactical seiglence, specifications are
made readable for the expert what will ease his(her) choicesdomvent incon-
sistencies. Besides, this has been experimented in th8evalproject with some
experts of our partner France Telecom.

The paper is structured as follows. Section 2 presents thesfsm and the notion
of specification consistency on which our interactions asetan. Specifications are
provided in the form of invariant properties and state titaors rules, very much as
in [20]. Examples are also provided. For lack of space, wegmttess simple and peda-
gogical example which only integrates three features onia bgstem. More generally,
our method can deal with all services which can be expressethwaitir specification

5 which will not be presented in the paper in order not to make yn¢lae presentation. The
interested readers can find them in [3, 10].



formalism and integrated on the intelligent network (sdeafd [14] for more than 20
examples of such service specifications). Section 3 detedlalgorithms used to check
specification consistency in the integration process.i@edtpresents the methodology
and our results on usual services using the tool [3] develap¢he ValiServ project.
Finally, related works are addressed in Section 5.

By lack of space, most of the proofs of propositions and thear are not given
in this paper. However, they can be found in the preliminargieer of this paper [1].
Only the proof of Theorem 1 is given because the algorithmerie] in this paper are
based oniit.

2 Service specification

Here, we define a formalism dedicated to service (so-callédrigegelecommunication
systems. Services will be specified along two types of préelcsubscriptiorandsta-
tus By the former, we will specify what and how customers subsdoleeservice. For
instanc&, TCS(x,y) will mean thatz has subscribed t6C'S and any call fromy to z

is forbidden. By the latter, we will specify communicatiorusitions such as to be busy,
idle, etc... Moreover, telecommunication systems are ayoaystems. Therefore, in
order to automatically analyse interactions, the formalisyder definition will manip-
ulate sentences of the for{pre, event, post) wherepre andpost will be finite sets of
atoms denoting respectively pre and post-conditionseandt will be an event trigger-
ing side-effect. Moreover, some invariants roughly defingéree-quantifier first-order
formulas (i.e. state-evolution independent) will be stated

2.1 Syntax

The formalism is devoted to specify features in telecommation systems. Its syntax
is closely related to the one developed in [10]. Vocabutaf$®-called signatures) over
which pre and post-conditions and invariants will be built wl| then contain two
types of predicates: status and subscription predicates.

Definition 1 (Signature). A signatureX is a triple (St, Sb, E) whereSt and Sb are
two sets of predicates names, afids a set of events names. Each elemeStinSbUE
are equipped with an arity, € N. St, Sb and E are disjoint sets.

A signature is saidinite when bothSt, Sb and E are finite sets. An elemepte St U
Sb U E equipped with the arity, is notedp™.

St and Sb contain respectivel\statusandsubscriptiorpredicates.

Note, by the definition of signatures, that variables are tiig allowed arguments
for the predicates and the events. Hence, variables will sadgsdenote terminals.

Systems will be specified by means of two kinds of formulasteStansition rules
(str) and Invariants. Moreover, as we are interested by autoeiigteEnalysing interac-
tions (which will be defined by properties), manipulated folasuvill be constrained
on their form.

8 TCS is an usual acronym for the Terminating Call Screening.



Notation 2 Let &' = (St, Sb, E) be a signature. LefX be a set of variables. Note
Atx(X) and Atx(X) the two sets defined by:

1. Ate(X) = {p(z1,...,2n) | p" € StUSh,z; € X, 1 <i <n}
2. Atx(X) = {-p(x1,...,2,) | P" € StUSh,z; € X, 1 <i<n}

Note Sbs:(X) and Sbx(X) (resp.Stx(X) and Stx (X)) the two subsets oit 5 (X)
and At 5 (X) restricted to predicates i§b (resp. inSt).

Definition 3 (Formulas). Let ¥ = (St, Sb, E) be a signature. LeX be a set of vari-
ables.

(@150 gTn )

1. Astr-formulaover X is a sentence of the forra ctr|subs : pre WLt post >
where:
— ctr is a set of inequations # y withz,y € X,
— subs C Sbx(X) U Sbx(X),
— pre,post C Stx(X) U Stx(X) are two finite sets, and
—e"e Fandz; € Xforl <i<n.
2. Aninvariantover X' is a sentence of the forra ctr|y > wherectr is defined as
above, andp is a quantifier-free first-order formula ovett U Sb.

In the sequel, quantifier-free first-order formulas will bmpiy called formulas. We will
noteVar(x) the set of variables occurring in € {ctr, subs, pre, post, p}.

We have chosen to separate in str-formulas, subscriptomsafrom pre and post-
conditions because events do not modify subscriptions. élesubscriptions are neces-
sarily preserved along transitions.

Definition 4 (Service specification) A service specificatiolf is a 2-tuple (X, Az)
whereX is a signature andiz is a set of str-formulas and invariants ovEr.

F is said finite if bothY, and Az are a finite signature and finite set of axioms, respec-
tively. In the sequelz will be also notedST R[] I. ST R and I will then contain all
the str-formulas and invariants, respectively,f.

2.2 Examples

We now provide examples: the specifications of the basicaefenunication system,
classically called POTS, and of three common servicesrdastio be plugged on it.
The different components of the specifications will be indekg the specification
name. Moreover, elements of the underlying system POTSnapécitly present for

the specification of the three services.

example 1. POTS, the Plain Old Telephone Service

Stpors containsidle(x) (“x is idle”), dialwait(x) (“z is in dial waiting state”),
caller(z,y) (resp.callee(x,y)) (“z is in communication withy as the caller (resp.
callee) part”),ringing(z,y) (“z is ringing from the calley”), hearing(z,y) (“z is
hearing the tone of the call tg"), busytone(z) (“z is hearing the busy tone”). By
conventionSbpors is empty since by default all phones are supposed to sulestcrib



the basic service POT&pors containsof fhook(z) meaning that: is hooked off,
onhook(z) (x is hooked on)dial (z, y) (x dialsy). ST RpoTs contains:

b1: < |idle(A) e
¢2: < A# B|dialwait(A),idle(B) dial(AB) hearing(A, B),ringing(B, A) >

$3: < | dialwait(A),idle(B) dial(AB) busytone(A) >

¢4: < A# B| hearing(A, B),ringing(B, A) OﬁhooKB) caller(A, B), callee(B, A) >
¢5: < A# B|caller(A, B),callee(B, A) OnhOOk(A) idle(A), busytone(B) >

¢6: < A# B|caller(A, B),callee(B, A) OnhOOk(B) idle(B), busytone(A) >

dialwait(A) >

¢7: < A# B| hearing(A, B), ringing(B, A) OnhOOk(A) idle(A), idle(B) >
¢s: < |busytone(A) orhook(4) idle(A) >
bo: < |dialwait(A) "”h""’“("‘) idle(A) >

Ipors contains several invariants expressing that status @egiare mutually exclu-

sive when they concern the same variables. For example, tihiosn

< B # C| ~(talking(A, B) A talking(A,C)) >

< | (idle(A) A talking(A, B)) >

For lack of space, we do not give all such invariants. Howevey, tan be found in [2].
POTScharacterises the behaviour of a terminal which has justcsilbles! to the ba-

sic telephone service, when communicating with another teatniith the same sub-

scription. For exampleps says that if the call initiator hangs up during a communica-

tion, then his party gets a busy tone.

example 2: TCS Terminating Call Screening (this service screens outriring calls
from terminals belonging to thECSsubscriber’s black list).

Sbrcs containsTcy, x): calls fromz to y are forbidden by. Ir¢cs contains
P1: < A# B |TcqA, B) = —hearing(B, A) >

while ST Rrcs contains

P21 < | TedB, A), dialwait(A),idle(B) dial(AB) busytone(A) >

example 3: CFB, Call Forward on Busy (this service allows a subscriber tavéod
all incoming calls to a designated terminal, when the subscs terminal is busy).

Sborp containsCfb(x,y): whenz is not idle, forward incoming calls tg9. Icrp

contains

x1: < |-Cfbo(4, A) >

x2: < B#C|Cfb(A, B) = —Cfb(4,C) >

andST Rcrp contains

x3: < B #C|Ci(B,C),dialwait(A),idle(B),idle(C)
hearing(A,C), ringing(C, A) >

x4 : < B #C|Cfh(B,C),dialwait(A),idle(B),idle(C) dial(4B) busytone(A) >

dzal(A B)

example 4: INTL, IN Teen Line (this service allows a user to restrict outgaintis
during a specified daily period. The restriction can be aidgten by entering a pin.
If the given pin is the right one, then a normal call can beated, else the user is
reqguested to abort his call.)



SinTr containsSpors and specific predicatesime(z) characterises the time slot
where a pin is required from the userto perform outgoing callapaitpin(z) means
that the user should now dial its personal pin, amdvalid(xz) means that the dialled
pin is not valid.Sbynrr, containdntl(z): z is subscribing for théNTL service.

E;n1r, contains two new events related to the pin diallid@ulgoodpin(x) for
“z is dialling the expected correct pin”, aadalbadpin () for “z is dialling a wrong
pin”. Iryrr contains new invariants expressing that the statualid andwaitpin
are exclusive with the POTS statifle, dialing, ...and are also mutually exclusive.
ST R;nTL CONtains:

K1t < |Intl(A), time(A),idle(A) of fhoof(4) waitpin(A), time(A) >
K21 < |waitpin(A) dialgoodgin(4) dialwait(A) >
k3 : < |waitpin(A) diatbadpin(4) invalid(A) >

onhook(A)

Ka: < |invalid(4) — " idle(A) >
| waitpin(A) onhook(4) idle(A) >

A

K5

Specifications are restricted to service specificitiesyTimplicitly refer to the un-
derlying system. For example, the TCS specification coataigservice invariant char-
acterising a newly prohibited situation (the subscribemteal cannot be put in com-
munication with a terminal from its screening list) and a tiedibehavioural description
(what happens when a forbidden terminal attempts to call thecsibing terminal).

2.3 Semantics

Definition 5 (Models).Let X' = (St, Sb, E) be a signature.
A X-modelA = (U, S, (e*).ck) is a setlU (terminals) and a se§ C P(Atx(U))

(states) equipped for eves? € E and every(us,...,u,) € U X x U with a bi
ntimes
nary relation eA(uy,...,u,) C S x S.
A is deterministidf and only if for eveng™ € E and everyus,...,u,) € U X ... x U,
_.,_/
n times
e?(uy,...,uy) is a partial function.

Definition 6 (Formula satisfaction).Let X = (St, Sb, E) be a signature. Letd be a
Y-model. A state € S and an interpretation : X — U satisfya formulayp, noted
(¢,8) = ¢, if and only if:

- (,8) Ep(x1,-..,20) <= p(t(z1),...,t(zy)) € s
— propositional connectives are handled as usual.

A satisfiesa formulagp, notedA |= ¢, if and only if for every € S andevery : X —
U, (1.5) E .
Definition 7 (Transition satisfaction). A X-model A satisfiedor s € S and: : X —

U a str-formulag of the form< ctr|subs : pre e(@Lyon) post >, notedA =, ; o, if
and only if, if for everyr # y € ctr, v(x) # «(y) then:

" We notes e (u, - .., u,) s’ to mean thats, s') € e*(ui, ..., un).



if (¢,8) E /\ athenVs' € S,se?(u(z1),...,u(z,)) 8" = (1,8') E /\a)

a€subsUpre aEpost

Definition 8 (Invariant satisfaction). A ¥-modelA satisfiedors € Sand. : X — U
an invariant< ctr|e >, notedA |=, ;< ctr|p >, if and only if, if for everyz # y €

ctr,u(z) # 1(y) then(e, s) = ¢

Definition 9 (Specification satisfaction).A X-model.A satisfiesa service specifica-
tion F = (X,STR]] I) if and only if it satisfies for every € S and every, : X — U
each formula ofdz.
A service specification is sa@nsistentf and only if there exists a non-empf:model
A which satisfies it and such that the cardinality of its Bedf terminals satisfies:

|U| > maz{Var(ctr)|3 < ctr|subs : pre = post >¢ STRV 3 < ctr|p >€ I}

The last condition on the carrier cardinality bfmodels prevents trivial.-models.
A trivial X-model is such that the number of terminaldiris not sufficient to satisfy
each inequation occurring in ther part of each formula i TR and!.

2.4 Fundamental results

We first define a¥'-model which will be useful to us in the next section. L8t =
(St,Sb, E) be a signature. Lel/ andS C P(Stx(U)) be two sets of terminals and
states, respectively. LT R be a set of str-formulas oveX. Therefore, define the
Y-modelG(U, S) = (U, S, (e9(V9) ) as follows:

— S’ is the set inductively defined by = U S; with:

i<w
e S(] = S .
3 < ctr|subs : pre AT 1ygn) post >€ STR,3t: X — U,
Js € Sp1,(Vz # y € ctr, u(z) # 1(y))A
L, 8) = al
o s €S, =« (t:5) '_aau/b}UW
s' = (s \ {p(t(y1),-- -, L(ym))|=P(Y1; - - -, ym) € post})
@]
\ {p(e(y1), - -, lym)) (Y1, - - -, ym) € post}
— For everye™ € E and every(ui,...,u,) € U x ... x U, €95 (uy,. .. u,) is
%’_/
n times

defined:s e9(U5) (uy, ..., uy,) s <=

( e(T1y.e0sTn
3 < ctr|subs : pre ¢ == )post >e STR,A: X = U,
(V1 < j <n,u(zj) =uj)A
(Vz #y € ctr, u(z) # 1(y))A

{ (1,8) F /\ al
acsubsUpre
s'= (s \ {p(t(y1),-- -, t(ym))|=P(Y1, - - -, ym) € post}

U
{ {p(e(y1), -+ lym))P(Y1, - - - s ym) € post})




Let us point out that wheX, U, S and STR are finite sets, thei{U, S) is com-
putable. Let us consider a signature X a set of variables oveE and I a set of
invariants. Define

Ex(X)={sCAtx(X)|Ve: X = X,V < ctr|p >€ I,
(Vz £y € cir,u(z) # u(y)) = (s,0) E »)}

then defind(X) = {s € Ex(X)|As' € Ex(X),s' C s}.

Proposition 1. WhenX' is a finite signature and( and I are finite sets, thefts;(X)
andIx(X) are computable.

Theorem 1. LetF = (X, STR]] I) be a service specificatiot. is consistent if and
only if G(X, Iy (X)) satisfies all the axioms ¢f.

Proof. Theif part is obvious.

The only if part Suppose thaF is consistent bug (X, I5;(X)) does not satisfy it.

Obviously, the consistency ¢F means the consistency 'R and ofI. By con-
struction, the consistency dfimplies that/x(X) is not empty. In the following, the
question of (the verification of) the consistencyafill be simply denoted bynvCons.

Therefore, ifG(X, I;(X)) does not satisfyF then by construction @ (X, I (X))
which relies on str-formulas, either two str-formulas wite #ame event lead to two in-
compatible states or a str-formula leads to a state vigdtie invariants. These two
cases are denoted by respectiidiynDet for non-deterministic str-formulas ando-
linv for the non preservation of the invariants by str-formuldsen, let us prove that
bothNonDetandViollnv lead to a contradiction.

e(@1,..,Tn)

1. NonDetthere exist$y) =< ctr|subs : pre = —3 "’ post > STR, s € S' and
t: X — X such that for every. # y € ctr, u(z) # (y), (s,¢) E /\ a, but

a€csubsUpre
there exists’ and® p(y1, .. .,ym) € post such thak e9(X 1= () (y(x1), ..., 1(x,)) s’
and p(¢(y1), - - -, t{ym))€s’. By definition, this means that there exigts =<

6(21,...,Zn)

ctr'|subs’ : pre! 23" post’ >€ STR and:' : X — X such that for every
' £y ectr', (") £ /W) (s,0) E /\ a, “p(wi, ..., wny) € post’

a€subs’ Upre'

andu(y;) = ¢ (w;) (1 < i < m). As F is consistent, there existsX-model.4

which satisfies it. Let” : X — U be an interpretation itd such that for ev-
eryz # y € ctr andz’ # y' € ctr', /' (z) # J'(y) and'(z') # "'(y'), and
M (x;) = M(w;) 1 < i < n. By the property on the carrier cardinality of-

models,” exists.

By construction ofj (X, I (X)), there exists a stat¢ in A such that'(s) C s".

We then have for every € subsUsubs' UpreUpre' that(s”, ") = a. Therefore,
there exists? in A such thas” e9I=(X) (/" (1), ..., 4" (z,)) s°. But, we have
bothp(+""(y1), - .. "' (ym)) € s andp(v" (y1), - - - 1" (ym))&s> what is impossible.

8 8’ is the set of state @§ (X, Iz (X))
® Without any loss of generality, we only consider the case afsite literalp(y1, . . . , ym ) in
post. The case of a negative literap(yi, . .., ym) can be handled in a similar way.



2. Violinv there exists’ € S’ \ Is(X) 1 an invarian ctr|p > and an interpreta-
tion: : X — X such that for every: # y € ctr «(z) # t(y) but(s', 1) .
By definition, this means that there exists Is;(X),n str-formulas< ctr;|subs; :

ei(zi,..,zi . . .
pre; D post; > in STR,n interpretationg; : X — X andn + 1 statess;
with s; = s ands,;1 = ¢', such that for every < i < n and everyr # y € ctr;
(@) # u@), suu) o N s e ), () sin
a€subs;Upre;
and(s;t1,4) FE /\ a. By construction oG(X, Is (X)), this then means there
aePOSti . . . .
exists for everyl < i < n, pi(yi,---,Ym,) € Ats(X) such that(y;) = wi(y})
foreveryl < j < my;, andp;(v(y}),-- -, t(yl,,)) € sbutp;(t(y}), ..., (yh,,))Es'".
As F is consistent, there exists¥a&-model.4 which satisfies it. Let’ : X — U be
an interpretation in4 such that for every # y € ctr U U ctri, ' (z) # ' (y).
1<i<n
By the property on the carrier cardinality &f-models,.’ exists. By construction
of G(X, Ix (X)), for everyl < i < n + 1, there exists in4d a states; such that
V'(si) C s;. Moreover, for everyl < i < n, s, ef{(/(z1),...,/ (%)) i, 1. We
the have for every < i < n and everya € subs; U pre; that (s},) = «a,
and then(s,;,/") = /\ a. Whence we deduce that for evelty< i < n,
a€post;

Pl (1), U (o)) € 8pyy ANAP;((9)), -, (y,)) €8 41 WhaL IS impOSSi-
ble.

Let us note that the proof of Theorem 1 highlights the 3 quastio solve in order
to show specification consistency. They have been nim&@dons, NonDet and Vio-
linv. The two last ones will be solved by the two algorithms giverséttion 3. The
first question will be tackled in Section 4.2.

Let us remark that str-formula determinism is sufficientrisuge specification consis-
tency but in no case it is necessary.

2.5 Service integration

The key question now is how to define service integration idlexl with an adequate
semantic counterpart. A first answer might be to consider thenuof axioms issued
from different service specifications. However, this is nobadjsolution. Indeed, recall
that a service is defined as possibly modifying the behawabthie existing system on
which it will be plugged on. Hence, any system obtained by therunf axioms of its
different services would be lucky enough to be inconsistEmerefore, in order to avoid
to introduce inconsistencies during integration stepejags are needed about which
axioms are preserved, lost, modified and added. Hence, gmgration of two services
will be parameterised by choices. In this paper, we proposatanaictive methodol-
ogy based on algorithms introduced in Section 3 to deterrttinee choices. These
algorithms will automatically check consistency of sengpecifications. When incon-
sistencies (i.e. interactions) are detected, they areepted to an expert who makes

106" is the set of state @§(X, I (X)).



integration choices (see Section 4 for more explanationlscanthis methodology is
worked up).

3 Interactions

We have seen in the proof of Theorem 1 that the inconsistefrgervice specification
may be the result of: the inconsistency of invaridnigCons, or the non-determinism
of some events such as specified in the service specifiddtioet, or because some
str-formulas question some invarian®linv .

The first step, that is the question of invariant consisténe§ons, boils down to a
classical boolean satisfiability problémThe way we reducévCons to the boolean
satisfiability problem will be handled in Section 4.2. Belave detail the algorithms
which solve the two last questiodonDetandViollnv .

3.1 Non-determinism

Input A finite specificationF = (X, I]] STR) such that is consistent. A finite set

e(21,.,&n)

of variablesX . Two str-formulas inSTR, < ctry|subs; : pre; — —5"' post; >

and< ctra|subssy : pre; e(yl’;iy") posty >

Initialisation Computels;(X) andG (X, Ix(X)). NoteS’ the set of states ¢f( X, I (X))
and XX the whole set of endofunctions froM to X. T'mp := S’ andanswer :=
true.

Loop while Tmp # § andanswer = false do:

1) chooses in Tmp andTmp := Tmp \ {s};
2) Tmp' := XX,
3) Loop while Tmp' # @ andanswer = false do:
3.1) choose, in Tmp' s.t.u(z;) = ¢(y;) 1 < i < n),andTmp’ := Tmp'\

{e};
32)ifVz#ye€ U ctrj,v(z) = 1(y) then ifYa € U subs; Uprej, (1,5) F a
j=1,2 j=1,2
thenanswer := true;
end of loop
end of loop

Output return(answer)

Theorem 2. Let F = (X, I'[] STR) be a specification wher# is a finite signature,
and I and STR are finite sets. LefX be a finite set of variables which contains all
variables occurring in [ STR. Then,G(X, I (X)) is deterministic if and only if

e(T1;..3Tn)

for every pair of str-formulas I6T R, < ctry|subsy : pre; =" post; > and

< ctry|subsy : pres “Wigun) sty >, the above algorithm terminates and answers

false.

11 The boolean satisfiability problem is solved by SAT solvetg, GRASP [18] and Chaff [19].



3.2 Invariant preserving

LetF = (X,STR]]I) be a specification. LeX be a set of variables which contains
all variables occurring itF. By definition, we have:

VO € I,Vs € In(X),Vi: X = X,G(X,In(X)) =, ©

The questiorViollnv is equivalent to the following onare invariants preserved for
states inS’ \ Iz (X)?whereS’ is the set of states ¢f(X, Is(X)).

WhenSTR, I andX are finite sets, the above problem is computable as exprbgsed
the following algorithm:

Input A finite specification = (X, I[[ STR). A finite set of variablesX which
contains all the variables that occur in axiomsfofAn invariant< ctr|e > in I.
Initialisation Computels;(X) andG(X, Is(X)). NoteS’ the set of states ¢f( X, I (X))
and XX the whole set of endofunction frod to X. Tmp := S’ \ Ix(X) and
answer := false.
Loop while Tmp # § andanswer = false do:
1) chooses in Tmp andTmp := Tmp \ {s};
2) Tmp' := XX,
3) Loop while Tmp' # 0 andanswer = false do:
3.1) choose in Tmp' andT'mp’ := Tmp' \ {¢};
3.2) if Vo #y € ctr, u(z) # 1(y)
thenanswer := not((¢, ) = ¢)
end of loop
end of loop
Output return(answer)

Theorem 3. G(X, I (X)) satisfiesl if and only if for every invariant irf, the above
algorithm terminates and answers false.

4 Methodology and experiments

When integrating a new feature, we enter upon the problemwftb@pply the algo-
rithms and in which order, to ensure the consistency of thdtieg specification.

4.1 The Design Phase Process

We have seen in Section 2.5 that to avoid introducing insbescy during integration,
choices are needed about which formulas are preservedmosiified or added. We
propose an interactive approach based on the algorithneslited before. Interactions
are detected and presented to an expert who makes integehbtares.

A service specificatior provides modifications with respect to an implicit sys-
tem. From a formal point of view, the integration #fon a systenfys is a compo-
sition which is parameterised by the required choices, it.&s,abstractly denoted by
Sys +choices F - It generally leads to some modifications$yfs; thus, we do not easily



get the addition of two services together to a syst8gs(+. {F1, F2}) from the addi-
tion of each of them$Y S +.1 F1 andSY S +.2 F». Indeed, it would suppose not only
to confront the specifications; and 7, but also to re-examing andc, because;
was thought oiby s and not orSys modified byc,, and conversely. Thus our approach
is to integrate services one by one. Therefore, gR@&1 Sand services, . .. , F,, we
build an integratior. . . (POTS+., Fi,) +¢, - * - +e, Fi, ), Where the ordefy, - - iy,
is significant with respect to the choices - - - , c,.

Note Sys; 1 = (X;_1,STR;_1]]I;—1) the system specification resulting from
(.- (POTS +¢, Fiy) +ey - -+ +e;, Fis_y) @andFy; = (¥, STR;; [ I;;). In order to
determine the next choic—ec,.j for integratingF;,, the following process is applied:

1. (a) Checking the invariant consistencylgf; U I;; using the algorithn€onsinv
by considering one by one the invariantslgf
(b) Solving inconsistency as soon as it occurs by modifying of the involved
invariants and starting again Point 1.a after each encoethteconsistency.
This first step generates a consistent/sgt , s, , or more simplyZ, of invariants
which will be used in the reference specification for the next twllowing points.

2. (a) Performing the algorithidonDeton every paify+, 1) wherey; € STR;_4
andy, € STR;; such thatp, andy, satisfy the condition of the input part of
the algorithm (i.e. the event which occursfn and is the same).

(b) Solving non-determinism conflicts as soon as they o, starting again
Point2.a after each one of them. This gives rise to a new set of stritam
STR.

3. (a) Performing the algorithidiollnv on every invariant inf with respect to the
Yj—1 U Xj;-modelG(X, Is,_,us,, (X)) computed from/ and the seSTR
resulting from Poin. above.

(b) Solving inconsistency conflicts as soon as they occur.

4. Point3. possibly modifies both sef&T" R and, and then gives rise to two new sets
STR' andI'. If this is the case, then starting again the above procesE fand
STR'. Otherwise, the process is terminating.

To ensure termination of the above process, a strategyisgose that:

1. for every pair(¢y1,12) wherey; and, are two str-formulas satisfying condi-
tions of Point2.a, if all non-determinism conflicts fog, with all str-formulas of
STR;_, have been already handled (ig. is a str-formula which has been added
or modified during some previous steps of the first algorittime) the choice of
the expert to solve the non-determinism conflict betwgerand, (when it ex-
ists) necessarily rests af.

2. when a consistency conflict occurs on invariants by therdlgo Viollnv, the
choice of the expert necessarily rests on invariants (irdoemulas of ST R are
preserved).

4.2 Implementation

In the Valiserv project framework, the process presentetthénprevious section has
been implemented. We have then defined a prototype to hekxibest for specifying



and validating service-oriented telecommunication systeTo produce more efficient
implementations of algorithms, a first step of the above @sehas been to restrict the
cardinality of the set of variableX occurring in axioms of the specification under con-
sideration. This has allowed to reduce the invariant comscstinvCons to a proposi-
tional satisfiability problem of reasonable size and to dase the complexity of the step
3) in both algorithmdNonDetandViollnv in Section 3. The point is to translate a set of
invariants into an equivalent single invariant. To achitiaie purpose we first transform
any axiom into its Skolem form. To simplify, let us consideriavariant of the form
< ctr|¢ > whereX is its vector of variables occurring ir and¢. Obviously, such a
formula can be written under its equivalent Skolem fox:, /\ Y = o |f

z; Ay Ectr
we consider two such formulasg of the form< ctr;|¢; > fori = 1,2 with X; their
respective variable set and provided tBatN X, = (), a naive approach consists on
puttingV.X; U X as a global universal variable vector quantifier. But suablation has
the main drawback of building formulas with too many variablésder the hypothesis
that the size ofX; is less or equal to the one af,, in order to minimise the number of
variables, we search for substitutians X; — X; U X5 such that every inequality on
two variables ofX; is preserved byin X; U X,. There necessarily exist such substitu-
tions (e.g. the identity). In fact, we are looking for such&ithtions which minimise for
the size of the sef{X;) U X»>. When such a substitution is found, thgX; ) U X will
become the variable vector used to universally quantifyrésalting Skolem formula
Vi(X1)UXs, /\ z; # y; = ¢. The computation of an optimal substitution

zi#y; Ev(ctri)Uctrs
is done by means of systematic study of all substitutionspatdible with the inequal-

ity constraints. By iterating such a variable factorisati@tween all invariants, we can
control the whole number of variables to be considered. Tioéelam satisfiability prob-
lem corresponding to a formulaX, /\ x; # y; = ¢ is then simply given by the
z;Fy; Ectr
propositional formula \/ o(¢) where the atomg(z1, . .., zy)
o: X=X Vei#yi€ctr,o(zi)Za(ys)
occurring ino(¢) are viewed as simple propositional variables.

4.3 Case study

The above methodology has been applied on many telecomatiomexamples. Among
other, it has been applied on the example presented in Settidere, we give the re-

port of this case study. Its interest is it is significant egiotut short enough to be
presented in this paper. We incrementally integrate sksergices yielding the system
((POTSt., TC9+.,CFB)+,INTL). The main steps have been the following:

e POTSt,, TCS a non-determinism has been detected betwgeandqy, . We have
modified¢., intuitively giving the priority toTCSon POTS

e ((POTSt., TCS+.,CFB): a non-determinism has been detected betwgeand
x3- We have modifieds. We have then detected thai violates ther CSinvariant
1. We have corrected it by addingl"cs(C, A) to the subscription set gfs. Then,
we add the following str-formula for the case we h&us(C, A):



Xo: <B#C|Cf(B,C),Tes(C, A), dialwait(A), idle(B), idle(C) “~5"

busytone(C), idle(C) >
Thus, TCShas the priority orCFB andCFB has the priority oiPOTS

* (((POTSt., TC9+.,CFB)+.,INTL): a non-determinism has been detected between

¢1 andk;. We have modified,, intuitively giving the priority toINTL on POTS
TCSandCFB.

The specification oPOTS TCS CFB and INTL together contains twenty formulas.
During the integration process, we have modified four of thedhiatroduced a new
one. The ValiServ tool automatically detects current etéions, presents the detected
interactions to the expert under a detailed form and allowsetkpert to modify the
related specification part so that the considered intenadsi suppressed according to
its judgment. Such an approach allows to manage the intrawsigplexity of service-
oriented systems since the expert only intervenes to soteedctions according to their
subjective status. Thus, our service integration methoghmeasiewed as a sequence of
expert choices in a set of resolution options, each of thegerechoices coming from
an automatic feature interaction detection.

5 Related Work

Several previous works have been interested by featurgratten and interaction de-
tection issues from a high level of abstraction. In paricutew architectures have been
designed for telecommunications systems in order to fatglithe addition of a new ser-
vice. [5] or [13] present such approaches, useful for désgand implementing new
services but not to found rigorous interaction detectiotho@s. [23] gives a general
framework to systematically combine services togethery@ahsistent combinations
of services are considered. When an inconsistency is @etdot a given combina-
tion of services, this means that there exists an intenatt&ween combined features.
However, the paper is not concerned by the need of providing ¢tieal and method-
ological help in order to combine service in presence ofadtons. Some other works,
like [9], are also based on the use of model-checking tootsrdter to detect interac-
tions. This allows to consider general temporal properiiée main drawback of all
these approaches is that they require to instanéigigori different configurations to
build all the interesting subscription patterns among allsmunber of fixed phones.
We claim that the use of symbolic techniques for dealing whbne variables is
the key to deduce interactions built over an appropriatebamof phones equipped
with their subscriptions. Some other works manipulate genariables to represent
phones, without restricting the number of phones to be censil In particular, sev-
eral approaches rely on STR-like specifications. [10] ma&giexplains the interest of
using STR formulas, invariants and inequality precondgidl he authors were already
concerned with providing guidelines to integrate a servitéhe basic call system and
hints on how to perform non-determinism checks. Unfortugatike described detec-
tions are mainly guided by hand-waving and thus, there wasudty of how to system-
atically support this process. Our framework which is large$pired by their process,
addresses this weakness. [20, 24] have proposed speci@idedques for interaction



detection based on STR-like specifications. From a givetinirstate, they analyse
properties of reachability graphs in terms of non-detersninor deadlock or contra-
dictions raised by the simultaneous application of two S&Rances ... Works intro-
ducedin [26, 25] discuss the advantage of dealing with stagithods, without building
any intermediate graph. They introduce techniques for figudateractions from non-
determinism criteria or from elicitation knowledge betwe®n services. They compute
a lot of interactions, but as they do not look for servicegnéion, they do not exploit
their presence to compose services in an adequate way. Mores they do not use
invariants, they cannot help the specifier in designing Sdeications. Let us remark
that we handle the preservation of invariants as in [6]. Howeklerunderlying proof-
based techniques require too much expertise to our poineef y22, 7, 11] introduce
systematic mechanisms of service composition avoiding af lmteractions. Roughly
speaking, all of these works are based on some precedeatiemslbetween services:
the last integrated feature seems to have the highesttygrievel. However, if undesir-
able interactions subsist, then it is not possible to revlenintegrated system, except
if a new design process is managed from the beginning.

6 Conclusion and perspectives

We presented a methodology for service-oriented develapthat takes interaction
and integration issues into account. We introduced a destidarmalism taking into
account subscriptions. and manipulating two kinds of fdesustate invariants and
state transition rules. We gave algorithms allowing the gigedo check the consis-
tency of the specification under consideration. The seiivigration results from the
incremental insertion of formulas preserving at each dtepconsistency of the target
specification. Each detected consistency problem repieaannteraction and requires
an expert decision to modify, and to replace the formulegssing inconsistency. The
whole methodology has been validating by the industrialgarErance Telecom of the
project ValiServ.

This work can be pursued in several ways. We want to studg stachability is-
sues to ensure that each detected non-determinism casemamnds to a real interaction
case. We also want to study how it is possible to introduderdint types on variables
to capture different roles (users, phone numbers or IP addsg in order to apply our
algorithms and methodology to application domains sucho&sewover IP [15]. From
a methodological point of view, we aim to strengthen expestséance by minimis-
ing choices and backtrack at design step. Such improverhentd rely not only on
theoretical consideration but also on expertise aboutleedmmunication domain.
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