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t. We report on ongoing work on using a 
onstraint-basedapproa
h towards feature intera
tion. Starting from a logi
 spe
i�
ationof the Basi
 Call Servi
e (BCS), we obtain a labeled transition systemrepresenting this servi
e. This graphi
al interpretation is implementedin smodels and tested for a variety of properties.We have devised a stepwise methodology for integrating features.A

ording to our method, features a
t as 
onstraints on models of theoriginal basi
 system. On the one hand they forbid some of the originalbehavior of the system (thus pruning some models), and on the otherthey give rise to new models, representing new behavior. Using thismethodology, we have so far implemented a small number of features ontop of the basi
 
all servi
e, and we report on some of the tests that wehave performed.1 Introdu
tionAn important approa
h towards software design that is advo
ated by modern softwareengineering is to 
onsider a 
omplex system as a 
ombination of a basi
 system, whi
hprovides fun
tions for stand-alone operation, and a set of modules of fun
tionality,
alled features, whi
h are added on top of the basi
 system. Viewing a 
omplex systemas a 
ombination of a basi
 system and features is parti
ularly useful for both systemdeveloper and user. From a software engineering point of view, it allows the systemdeveloper to release features as gradual upgrades to the basi
 system. These upgrades
an be evaluated and integrated as part of the basi
 system. Additionally, it allowsthird parties to design and develop features. These two 
hara
teristi
s also a�e
t theuser, who is free to add or remove features whenever it is ne
essary or desirable to doso. Furthermore, it allows the 
onsumer to de
ide whi
h developer of features o�ers thebest servi
es.However, the feature-oriented approa
h towards software design also presents prob-lems. In parti
ular, the presen
e of a number of features on top of the same basi
system leads to feature intera
tion, i.e., to the situation where the behavior of onefeature a�e
ts the behavior of another. If the intera
tion of features generates unex-pe
ted behavior of the overall system, then feature intera
tion be
omes a problem. Theproblem of identifying or predi
ting feature intera
tions is 
alled the feature intera
tiondete
tion problem.In this paper we 
onsider the problem of dete
ting feature intera
tion in the settingof tele
ommuni
ation. In telephony systems, features are pie
es of fun
tionality thatare usually designed to provide a new fa
ility to a subs
riber; however, they 
an alsobe developed to make the administration of the network easier. There are many fea-tures today, and their number 
ontinues to grow; [5℄ 
ontains des
riptions of hundreds1



of features. From a user perspe
tive, some \
lassi
al" examples of features are CallWaiting, Call Forwarding and Terminating Call S
reening. Features 
an intera
t indi�erent ways. For example, in Call Waiting, if a busy subs
riber re
eives a 
all, thenew in
oming 
all is put on hold. But in Call Forwarding, every 
all to a subs
riberis forwarded to another phone. The 
ombination of these two features leads to featureintera
tion: if one of these two features has priority, the other is automati
ally disabled.There are various aspe
ts that make the dete
tion of feature intera
tion in tele
om-muni
ations into an attra
tive and 
hallenging problem:1. Everybody uses telephones and anyone 
an study this domain, even without a

essto private intelle
tual property. Moreover, tele
ommuni
ations is bound to beone of the most important enterprises of the 21st 
entury, both e
onomi
ally,politi
ally, and te
hni
ally [15℄.2. Featured telephone systems present all the problems that any extended, long-lived, distributed, high-performan
e and 
on
urrent software system presents. Inparti
ular, there is the highly 
ombinatorial 
hara
ter of the intera
tion. Thefreedom that ea
h subs
riber has to add features or not generates a number ofalternative s
enarios. Thus, the sear
h for intera
tions has to analyze all these
ombinations, and the addition of a single feature 
reates exponentially manynew possibilities to be veri�ed. This 
ombinatorial explosion 
an qui
kly lead tointra
tability.3. Finally, an important reason that makes the problem an interesting one from amodeling or knowledge representation point of view is the non-monotoni
 
hara
-ter of the addition of features, see e.g. [14℄. By de�nition, a feature modi�es thebehavior of the basi
 system, altering its properties.There have been several formal approa
hes to the feature intera
tion problem. Moststandard methodologies are based on model 
he
king [11, 12℄, and some are based on onsatis�ability 
he
king [7, 4, 3℄. Both methods fairly address the items 1 and 2 dis
ussedabove: there exists freely available veri�
ation systems whi
h 
an deal with reasonably
omplex instan
es of the feature intera
tion problem. But the issue of non-monotoni
ityraised in item 3 has always been relegated.In this paper we introdu
e a new methodology for modeling and exploring the be-havior of a telephony system under the addition of features. We will use 
onstraints toprovide a natural way to model non-monotoni
 phenomena. We represent a system bythe set of its possible models de�ned by means of 
onstraint rules. Feature integrationwill simply 
onstitute the addition of new 
onstraints, perhaps over an extended vo-
abulary. The new 
onstraints 
orresponding to a given feature will let us both pruneold models and generate new ones, altering thereby the behavior of the system. Toimplement these ideas, we use the stable model semanti
s for logi
 programming; ito�ers the 
exibility of the logi
 programming paradigm together with the strength of
onstraint programming.Our approa
h 
onstitutes a stepwise methodology for feature integration and anal-ysis whi
h relies naturally on the 
apability of stable model semanti
s to handle non-monotoni
ity. We use the smodels tool box | one of the most eÆ
ient implementationsof stable models semanti
s 
urrently available | for modeling and exploring the addi-tion of features in the setting of tele
ommuni
ations; smodels is parti
ularly interestingbe
ause it o�ers a query-based sear
h fa
ility, whi
h allows us to use it as a veri�
ationtool. Furthermore, it is freely available; see [2℄.2



The remainder of the paper is organized as follows. In Se
tion 2 we provide someba
kground on stable models semanti
s and on feature intera
tion in telephony systems.In Se
tion 3 we model the Basi
 Call Servi
e; we report on tests 
arried out with theBCS in Se
tion 4. In Se
tion 5 we show how to model feature intera
tion. Finally, inSe
tion 6 we evaluate the results obtained so far, and we 
on
lude in Se
tion 7.2 Modelling the Basi
 Call Servi
eStable Model Semanti
s. Stable models 
onstitute a de
larative semanti
s for logi
programming. This approa
h is radi
ally di�erent from the standard semanti
s usedin Prolog: while in the later the aim is to evaluate a single query following a goaldire
ted ba
kward 
haining strategy, stable models semanti
s 
onsiders program rulesas 
onstraints that the models should satisfy.The intuition behind logi
 programming with stable model semanti
s is to mergethe advantages of logi
 programming knowledge base representation te
hniques with
onstraint programming. These te
hniques seem to be parti
ularly useful in dynami
domains and for 
ombinatorial problems su
h as the one we aim to model in this paper.Let us brie
y re
all the syntax and semanti
s of stable model semanti
s. The vo
ab-ulary is required to be purely relational, i.e., there are no fun
tion symbols; moreover,we do have the negation symbol not in the language. A solution set is a set of atoms.A program is a set of rules of the formA A1; : : : ; An; not(B1); : : : ; not(Bm):Here, A is 
alled the head of the rule, and the part to the right-hand side of the arrowthe body. Su
h rules are viewed as 
onstraints stating that if the atoms A1, . . . , An arein a solution set and none of B1, . . . , Bm is, then A must be in
luded in the set. Thestable models of a ground (variable-free) program P , are de�ned as follows. The redu
tof a program P with respe
t to a set of atoms S is the program obtained by:1. Deleting ea
h rule in P that has a not(x) in its body su
h that x 2 S;2. Deleting all negative literals not(B) in the remaining 
lauses.A set of ground atoms S is a stable model of P if S is the unique minimal model of theredu
t of P with respe
t to S.Example 2.1 Let P be the program fp  r; not(q) q  not(p) r  not(s) s  not(p)g. Then S1 = fr; pg is a stable model be
ause the redu
t of P with respe
t to S1is fp  r r  g and S1 is its unique model. But, S2 = fp; sg is not a stable modelof P , be
ause its redu
t is p  r and its unique minimal model is fg. However, Pdoes have another stable model, namely fs; qg. Hen
e, a program may possess multiplestable models, one, or none at all.The problem of de
iding whether a ground program has stable models is NP-
omplete[8℄. Indeed, to build a stable model it is enough to guess whi
h atoms will appearnon-negated, and then verify uniqueness in polynomial time using the dedu
tive 
losureof the redu
t of the program with respe
t to this set.
3



Smodels. smodels is a C++ implementation of logi
 programming with stable modelsemanti
s [10℄. The system in
ludes two modules: (a) smodels whi
h implements thestable model semanti
s for ground programs and (b) lparse whi
h 
omputes a groundedversion of so-
alled range-restri
ted programs.The implementation is based upon a bottom-up ba
ktra
k sear
h where one of theunderlying ideas is that stable models are 
hara
terized in terms of their full sets, i.e.,their 
omplements with respe
t to negative atoms in the program for whi
h the positiveatoms are not in
luded in the stable model. The sear
h spa
e is drasti
ally pruned byexploiting an approximation te
hnique for stable models whi
h is very similar to well-founded semanti
s.The advantage of this implementation is the linear spa
e requirement. This makesit possible to apply stable model semanti
s in problem areas where large stable modelsare generated. Moreover, smodels has proved to be signi�
antly more eÆ
ient thanother re
ent implementations of stable model semanti
s, see [9℄.Basi
 Call Servi
e. The spe
i�
ation of BCS obtained in [3℄ uses a des
ription logi
to 
hara
terize the sets of states and a
tions available to subs
ribers in the BCS model.Basi
ally, the axioms 
onstitute a de
larative way of de�ning a transition system. Thede
larative approa
h is appealing be
ause the full transition system 
orresponding totheBCS is enormous, growing exponentially with the number of subs
ribers 
onsidered.The main idea we will use when en
oding this transition system into smodels is thatwe don't a
tually need to en
ode the 
omplete transition system pie
e by pie
e. Instead,we 
an 
onsider ea
h subs
riber as an independent dimension of a many-dimensionaltransition system. But before going into an explanation, we need to de�ne the intendedmeaning of the di�erent atoms we will use.Table 1 lists the atoms that express the possible (mutually ex
lusive) states of asubs
riber and the allowed a
tions.idle u the telephone of u has the re
eiver on hook and silent.ready u the re
eiver is o� hook and emits a dial tone.reje
ting u the telephone emits a busy tone.ringing u the phone is ringing and its re
eiver is on hook.
alling uv the telephone of v is ringing and u is waiting forpath uv u and v 
an 
ommuni
ate.o�hook u u lifts the re
eiver.onhook u u pla
es the re
eiver ba
k to the phone.dial uv u dials v 's number.Table 1: Atoms used in the modelingIn [3℄, a set of rules providing a formal de�nition of a transition system for BCS isspe
i�ed. Furthermore, the rules de�ne the behavior of the system lo
ally, i.e., from theperspe
tive of ea
h subs
riber. This enables us to 
onstru
t the dimensional view ofBCS shown in Figure 1. Ea
h node 
orresponds to one of the mutually ex
lusive statesof the system. These nodes are 
onne
ted by arrows, whi
h 
orrespond to a
tions mov-ing a subs
riber from state to state. Be
ause the same a
tion may be taken in di�erentstates we use subindexes to di�erentiate them, e.g., onhookA, onhookB. This is done toavoid the need to expli
itly en
ode sour
e and target states in the implementation.A qui
k word about our notation: states are represented by itali
s (e.g., idle u) anda
tions are represented by sans serif font (e.g., o�hook u). The use of a down arrow(#) in front of a state or a
tion means that the next label represents information of4



onhookA_u
dial_uv + 

onhookD_u

offh
ookA_u

ringing_u

onhookB_u

dial_vu

idle_u

offhookB_v

onhookC_v

dial_uv +
not idle_v

onhookC_u

path_uv

path_vu
rejecting_u

calling_uvready_u

onhookB_v+   calling_vu

idle_v

offhookB_u+   calling_vu

Figure 1: Transition system for a subs
ribera di�erent subs
riber. For instan
e, the annotated arrow from ready u to 
alling uvrepresents a transition between these two states, triggered by the dial uv a
tion underthe 
ondition idle v whi
h should the 
he
ked for the user v.The full transition system is obtained by the 
omposition of the transition systemsfor ea
h single subs
riber. Clearly this notation helps us to su

in
tly represent atransition system whi
h would otherwise be enormous.3 En
oding the Basi
 Call SystemBefore des
ribing implementation issues, we provide an intuitive overview of the 
om-putational pro
ess. We will implement the transition system in Figure 1 by en
odingtransitions as a set P of smodels 
onstraint rules. Using these rules, the smodels tool-box will 
ompute the possible intera
tions between subs
ribers and the network. Ea
hstable model of P, will des
ribe a 
omplete set of intera
tions among subs
ribers, in one\run" or \possible s
enario." Let us make this pre
ise.First, a 
y
le in the transition system in Figure 1 is a sequen
e of states and a
tionsrepresenting a move of a subs
riber u from the state idle u ba
k to idle u. A run is asequen
e of 
y
les. As an example, the set of atoms below represents a run 
onstru
tedfrom two 
y
les:fidle u; o�hookA u; ready u; onhookA u; id| {z }First Cy
le le u; o�hookA u; ready u; dial uv ; reje
ting u; onhookD u; idle u| {z }Se
ond Cy
le gOn the one hand, en
oding information about 
y
les allows us to di�erentiate amonga
tions exe
uted in di�erent 
y
les; on the other hand, it gives us a bound on thenumber of possible intera
tions, thus ensuring termination.It is now fairly straightforward to en
ode Figure 1 in smodels. Table 2 illustratesthe main intuition; it gives the en
oding for a situation where we are in state S, witha
tions A1 and A2 available, leading to states S1 and S2, respe
tively.The full 
ode is available on-line at our web site [1℄. By way of example, we spellout the en
oding of the 
alling state; see Figure 2. The atoms subs and 
y
le areused to parametrize the rules for ea
h subs
riber and for ea
h 
y
le. Line 1 makesthe a
tions onhookB(ME,T) and offhookB(SHE,U) mutually ex
lusive, noti
e that the5



false :- A1, A2, S avoids both a
tions being taken simultaneouslyA1 :- not A2, S for
es the A1 a
tion whenever A2 is not takenA2 :- not A1, S idem for A2S1 :- A1, S 
odes the transition to S1 after a
tion A1 is takenS2 :- A2, S idem for A2.Table 2: A simple en
odingse
ond a
tion 
orresponds to a di�erent subs
riber. Lines 2 and 3 en
ode the e�e
ts oftaking the onhookB(ME,T) a
tion. Finally, line 4 en
odes the e�e
t of the party takingthe a
tion offhookB(SHE,U); noti
e that we don't need to en
ode the e�e
t that thisa
tion 
auses in the party.% The CALLING State.1. false :- onhookB(ME,T), offhookB(SHE,U), 
alling(ME,T,SHE,U),subs(ME), subs(SHE), 
y
le(T), 
y
le(U).2. onhookB(ME,T) :- not offhookB(SHE,U), 
alling(ME,T,SHE,U),subs(ME), subs(SHE), 
y
le(T), 
y
le(U).3. idle(ME,plus(T,1)) :- onhookB(ME,T), 
alling(ME,T,SHE,U),subs(ME), subs(SHE), 
y
le(T), 
y
le(U).4. path(ME,T,SHE,U) :- offhookB(SHE,U), 
alling(ME,T,SHE,U),subs(ME), subs(SHE), 
y
le(T), 
y
le(U).Figure 2: En
oding the 
alling stateSumming up, every state that a subs
riber visits and every a
tion she engages on isre
orded in a stable model together with the a
tions and states of the other users tothe extent that this is ne
essary, i.e., stable models re
e
t the behavior of subs
ribersin the network. Eventually, a valid run for ea
h subs
riber 
onstitutes a stable model.3.1 Some ChangesThe method in whi
h stable models are 
omputed for
es a number of 
hanges in Fig-ure 1. This subse
tion aims at des
ribing them and at justifying the 
hanges leading toFigure 3.The idle State. The network is initialized with every subs
riber in the idle state.Moreover, the subs
ribers return to the idle state after ea
h run. Therefore, atomsrepresenting these idle states are in
luded in the stable model. But the transition fromthe state ready to reje
ting 
he
ks for the presen
e or absen
e of the idle state of asubs
riber v to de
ide its out
ome. To represent the information that a subs
riber uhas abandoned her idle state we add new atoms. Ea
h subs
riber has two distin
t waysof being a
tive in the network:� Going o� hook and moving to ready ;� Having her number dialed by a subs
riber and being taken to ringing.To represent the �rst 
ase we add the noidle label, for the se
ond we use noidlebyrung.See Figure 3.
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Figure 3: Transition system for the en
oding of BCSThe dial A
tion. En
oding the behavior of the dial a
tion is 
omplex. For simpli
itythe a
tion is split into two phases. The �rst phase introdu
es the intermediate statedialing, whi
h is rea
hed when the subs
riber is in the ready state and wants to establisha 
all with a party. This transition adds two new atoms: an a
tion label dial somebodyand the state label dialing.The se
ond phase determines the out
ome of the dial a
tion. Starting from the dial-ing, the dial a
tion takes a subs
riber to either a reje
ting state or a 
alling, dependingon an external 
he
king of the state of the party. To de
ide the out
ome of the diala
tion, smodels uses the information about the noidle and noidlebyrung states as wedes
ribed above.Constraints on the dial A
tion. The dial a
tion should generate all the possible 
allsfor a given 
aller. Implementing this \random 
hoi
e" in smodels is tri
ky, espe
iallybe
ause syn
hronization is involved. Our approa
h is the following: we �rst generate allpossible 
alls, and we then impose 
onstraints to eliminate those whi
h 
annot o

ur.Some examples of the 
onstraints are as follows:� A subs
riber 
annot establish two 
alls in the same 
y
le.� If a subs
riber attempts to dial her own number, she should syn
hronize withherself in the same 
y
le.� If two dial a
tions between users u and v are established, they should o

ur indi�erent 
y
les of u and the 
y
le 
ounters should be 
onsistent (both in
reasing).Splitting of the path State. Figure 1 shows a single path state in whi
h there is no dis-tin
tion between 
aller and 
allee. But the identi�
ation of 
aller and 
allee is needed todetermine whi
h subs
riber is taken to the reje
ting state and whi
h is taken to the idlestate. Thus, the path state is split and the 
alling a
tion is used to derive informationabout 
aller and 
allee. The separation of the path state for
es the separation of theonhookC a
tion; onhookC 
aller represents an on hook a
tion from the 
aller and theonhookC party represents the same a
tion when taken by the other party.7



Starting from Figure 3, and following the guidelines we have explained above we obtainthe full en
oding of the BCS as smodels 
onstraint rules. Given this 
ode as input, thesmodels interpreter 
an 
ompute all possible stable models satisfying the 
onstraintswe imposed, i.e. the valid runs. The number of models generated will be a fun
tion ofthe number of subs
ribers and the number of 
y
les allowed to ea
h of them.Interestingly, we 
an take advantage of smodels' 
ompute statement to query theproperties of our model. The 
ompute statement a
ts as a �lter over the stable modelsthat are 
al
ulated, by indi
ating whi
h atoms should (or should not) be in the modeland the maximum number of models that are going to be 
omputed. For example,running smodels with the 
ompute 0 fnot falseg statement will sear
h for all modelsof the program not 
ontaining the false atom, whi
h we used in the en
oding to forbid
ertain 
on�gurations. We investigate this issue further in the next se
tion.4 Testing the BCS ImplementationWe are now ready to evaluate the model, and we do so by performing a number of tests.The �rst set of tests is meant to 
he
k the parameters (number of subs
ribers, numberof 
y
les). Tests were performed on a Sun ULTRA II (300MHz) with 1Gb of RAM,under Solaris 5.2.5, with smodels version 2.9.Exhaustive sear
h. We aim at 
omputing every valid network 
on�guration that a�nite set of subs
ribers 
an generate in a �nite number of 
y
les. This kind of testis parti
ularly useful for determining the behavior of the problem. By varying thenumber of subs
ribers and 
y
les we obtain di�erent results. Thus we see how thenumber of models (and the time for 
omputing them) is a�e
ted by 
hanges on thenetwork 
on�guration. Additionally, we are able to test 
hara
teristi
s of the tool thatwe use for 
omputing the models. The statement 
ompute 0 fnot falseg is used tosear
h for every valid 
on�guration of our model of the BCS. Table 3 shows some ofthe results obtained.#Subs. n #Cy
les 1 2 32 0:00.18 / 15 0:00.42 / 375 0:08.08 / 111733 0:00.22 / 136 0:45.36 / 82268 14:42:45.23 / 182622924 0:02.38 / 1633 4:25:37.11 / 14774656 > 100:00:00.00Table 3: Computing all modelsFor ea
h 
on�guration pair of (# of subs
ribers, # of 
y
les), the time and the number ofgenerated models is shown. Note how hard it is to explore all the network 
on�gurations.For instan
e, the test with the 4 subs
ribers/3 
y
les setting was aborted after morethan 100 hours of 
omputation. Furthermore, the number of models was enormous (over60 million). However the linear spa
e 
omplexity of the smodels algorithms ensuresthat all models will be 
omputed given enough time.In 
on
lusion, exhaustive generation of models is extremely expensive | a fa
t thatis to be expe
ted given the 
ombinatorial nature of the problem. But the 
hara
teristi
sof our modeling and the tools we have 
hosen o�er a mu
h more interesting possibility:the generation of models with 
ertain spe
i�
 properties.8



Che
king properties in the model. We want to explore 
ertain bran
hes of the sear
htree, i.e., given a property, we are looking for spe
i�
 models where this property isvalid. In Table 4 we provide some examples of spe
i�
 queries 
on
erning BCS. Inea
h 
ase we �rst des
ribe the property to 
he
k, and then provide the 
ompute s
hemethat will 
he
k the property over a spe
i�
 
on�guration. The time shown 
orrespondsto the veri�
ation of one instan
e of the s
heme. To permit a 
omparison, all tests havebeen run on the 4 subs
ribers/3 
y
les 
on�guration.Q1. Existen
e of a model: The smodels implementation of BCS has a model.
ompute 1 fnot falseg Elapsed time 0:19.60Q2. Self dialling: In no model a subs
riber 
an dial her number and avoid the reje
ting state.
ompute 1 fdial(s1,t,s1,t), not reje
ting(s1,t)g Elapsed time 0:05.00Q3. Parallel 
alls: Parallel 
alls among di�erent subs
ribers are possible.
ompute 1 fpath(s1,t1,s2,t1), path(s3,t1,s4,t1) g Elapsed time 0:14.90Q4. Multiple 
allings: A user 
an establish three di�erent 
alls in three 
y
les.
ompute 1 fpath(s1,1, , ),path(s1,2, , ), path(s1,3, , )g Elapsed time 0:11.10Q5. Call 
hain: \
y
li
" pairing of 
alls 
annot o

ur.
ompute 1 fnot false, 
alling(s1, t1, s2, t1), 
alling(s2, t1, s3, t1),
alling(s3, t1, s4, t1), 
alling(s4, t1, s1, t1),g Elapsed time 0:9.36Q6. Dial Target: Che
king a spe
i�
 
on�guration.
ompute 1 fnot false, not noidle(s1, t1), dial(s4, t1, s1, t1), dial(s2, t1,s1, t1), dial(s3,t1,s1,t1), reje
ting(s2, t1), reje
ting(s3, t1)g Elapsed time 0:13.52Table 4: Che
king spe
i�
 propertiesWe use the 
ompute statement to query the implementation for spe
i�
 properties.However, be
ause of smodels' synta
ti
 limitations, we are not allowed to query thesystem using variables, i.e., the 
ompute statement must be grounded in a spe
i�
s
enario. From this s
enario we 
he
k whether there are stable models where thisproperty holds.In Q1. Existen
e of a model we 
he
k that our implementation of BCS does have amodel. The expe
ted out
ome is that there is indeed a valid model. By using 
ompute1 fnot falseg as our query, we obtain the expe
ted answer in 19.60 se
onds. Table 5represents the times needed to �nd a stable model in ea
h setting of N subs
ribers, 3
y
les. Note the in
rease in time.Subs
ribers 1 2 3 4 5Time { 0:00.41 0:04.66 0:19.60 00:54.76Subs
ribers 6 7 8 9 10Time 2:14.68 19:21.97 3:25:44.75 29:17:34.88 > 72 hoursTable 5: Computing 
ompute 1 fnot falsegIn Q2. Self dialing we 
he
k that there is no model in whi
h a subs
riber 
an dialher own number and avoid the reje
ting state. We obtain the expe
ted answer (nosu
h model exists) in 5.00 se
onds. In Q3. Parallel 
alls we verify that parallel 
allsamong di�erent subs
ribers are possible. The expe
ted (positive) out
ome is 
omputedin 14.90 se
onds. Q4. Multiple 
allings 
on
erns a te
hni
al issue, namely that everyuser should be able to establish three di�erent 
alls in three 
y
les. Feeding smodels9



with a query of the form 
ompute 1 fnot false, path(s1, 1, , ), path(s1, 2,, ), path(s1,3, , )g shows that this is indeed the 
ase by produ
ing a model in11.10 se
onds. Next, we want to 
on�rm that it 
annot be the 
ase that there is a
hain of subs
ribers, one 
alling the other, produ
ing a 
y
le. Query Q5. Call 
hainobtains the expe
ted answer in 9.36 se
onds. Finally, in Q6. Dial target, we 
he
k forthe possibility of a parti
ular 
on�guration in the network. If all the subs
ribers dialthe same party and the party is idle, two 
allers must be reje
ted (re
all that we'reassuming the presen
e of 4 subs
ribers). The expe
ted out
ome is a model where two
allers are reje
ted. The 
ode that we 
an use to formulate this query is 
ompute 1fnot false, not noidle(s1, t1), dial(s4, t1, s1, t1), dial(s2, t1, s1, t1),dial(s3,t1,s1,t1), reje
ting(s2, t1), reje
ting(s3, t1)g. We get our answer in13.52 se
onds.Taking sto
k, we 
an take advantage of smodels' 
ompute statement to apply 
on-straints over spe
i�
 atoms and generate only models that satisfy the 
onstraint beingissued. This way, 
he
king a system's properties turns into a very eÆ
ient task as theexamples in Table 4 show. We are 
urrently generating further tests on more subs
ribersand 
y
les, and investigating more 
omplex properties of BCS.Our next step is to ta
kle the integration of features on top of the BCS implemen-tation.5 Integrating FeaturesAs we 
ommented in the introdu
tion, we take full advantage of the non-monotoni
behavior of the stable models framework when introdu
ing features as 
onstraints thatprune and enlarge the set of models of the BCS. We �rst list a number of pointsthat guide the design and implementation of features. Then we turn to the 
on
retespe
i�
ation and implementation of three features (Terminated Call S
reening, Origi-nated Call S
reening and Call Forwarding Un
onditional) on top of the model for BCSdes
ribed in the previous se
tions.Clearly, the �rst step towards the design and implementation of a feature is to de�neits behavior. In other words, we have to understand the expe
ted behavior of the systemafter the a
tivation of the feature. Note that this step is independent of any parti
ularimplementation.In the parti
ular 
ase of features, there are at least two tasks that we have to
arry out when we try to pin down the properties of a new feature. On the one hand,we should de�ne the enhan
ed fun
tionality provided by the new feature, and on theother hand, we should also spe
ify in whi
h ways the new feature expli
itly modi�esthe previous behavior of the basi
 system. Even though we 
ould say that modifyingthe previous behavior of the system is part of the new fun
tionality provided by thefeature, it pays o� to di�erentiate between these two. In our approa
h, we 
arefullylist the parts of the system that are a�e
ted by the feature, i.e., the atoms (states anda
tions) upon whi
h the feature will a
t. In addition, there might be new states anda
tions whi
h are 
hara
teristi
 of the new feature. For example, at least one atom hasto be added | the a
tivation predi
ate | signaling that the feature is a
tivated for agiven subs
riber.As we will see in the examples below, implementing a feature boils down to �rsteliminating a subset of the previous models of the system by providing new rules leadingto the false atom. In addition, the newly introdu
ed atoms that are 
hara
teristi
 forthe feature 
reate a \new spa
e" in the set of all possible models. From this spa
e the10



proper models are obtained by providing further rules governing the behavior of thefeature.Let us turn to the implementations now. The full des
ription of ea
h feature isprovided together with an interpretation of the implementation.Terminating 
all s
reening. The TCS feature inhibits 
alls to the subs
riber's phonefrom any number on her s
reening list. Any dial from a s
reened subs
riber takes the
aller to the reje
ting state. The atoms a�e
ted by the feature are the dial a
tionand the states reje
ting and 
alling. The a
tivation predi
ate is t
s(ME,SHE) whoseintended meaning is that ME is s
reening the subs
riber SHE. Finally, the a�e
ted behav-ior in the original system is that given t
s(ME,SHE), the atom 
alling(SHE,U,ME,T)
annot appear in a model. The TCS is implemented as follows:% Feature TCS - Terminating Call S
reening.1. false :- 
alling(SHE,U,ME,T), t
s(ME,SHE), 
y
le(U), 
y
le(T).2. reje
ting(SHE,U) :- dial(SHE,U,ME,T), t
s(ME,SHE), 
y
le(U), 
y
le(T).Line 1 prunes the models whi
h are invalidated by the a
tivation of the feature, i.e.,models where the 
alling a
tion from SHE to ME is 
onsidered. In line 2 we represent the
hange of behavior. The rule stipulates that whenever SHE is dialing a party ME andME has SHE on her s
reening list, SHE is taken to the reje
ting state. Note that bothrules 1 and 2 are only a
tivated when the a
tivation predi
ate is in
luded in the model.In other words, the featured system allows for subs
ribers with and without the featurea
tivated. We do not need to modify the 
ode of the basi
 system.Originating 
all s
reening. OCS is dual to TCS: it forbids 
alls from ME's phone toany number SHE from a given list. Any attempt of ME to ring su
h a number takes herto the reje
ting state. The 
ode for TCS is similar to the one for TCS.% Feature OCS - Oringinating Call S
reening.1. false :- 
alling(ME,T,SHE,U), o
s(ME,SHE), 
y
le(U), 
y
le(T).2. reje
ting(ME,U) :- dial(ME,T,SHE,U), o
s(ME,SHE), 
y
le(U), 
y
le(T).Call forwarding un
onditional. In theCFU feature every 
all addressed to a subs
riberME is un
onditionally forwarded to the subs
riber ALTER. The a�e
ted atom is the diala
tion and the a
tivation predi
ate is the atom 
fu(ME,ALTER), meaning that ME isforwarding her 
alls to ALTER. The invalidated a
tion in presen
e of 
fu(ME,ALTER), isthat ME 
an never be 
alled. The implementation of CFU is more involved than theprevious two, and we will address the reason for this below.% Feature CFU - Call Forward Un
onditional.1. false :- 
alling(SHE,U,ME,T), 
fu(ME,ALTER), subs(SHE), 
y
le(U), 
y
le(T).2. idle2(ME) :- 
fu(ME,ALTER), 
alling(SHE,U,ME,T),subs(ME), subs(SHE), 
y
le(U), 
y
le(T).3. offhookA2(ME,T) :- idle2(ME), subs(ME), 
y
le(T).4. ready(ME,T) :- offhookA2(ME,T), subs(ME), 
y
le(T).5. dial forward(SHE,U,ALTER) :- not notdial(SHE,U,ME,T),
fu(ME,ALTER), subs(SHE), 
y
le(U), 
y
le(T).6. nodialf(SHE,U,ALTER) :- not dial forward(SHE,U,ALTER),
fu(ME,ALTER), subs(SHE), 
y
le(U).7. false :- dial forward(SHE,U,ALTER),nodialf(SHE,U,1), nodialf(SHE,U,2), nodialf(SHE,U,3),
fu(ME,ALTER), subs(SHE), 
y
le(U).11



8. false :- 2fdial forward(SHE,1,1), dial forward(SHE,2,2), dial forward(SHE,3,1),dial forward(SHE,1,2), dial forward(SHE,2,2), dial forward(SHE,3,2),dial forward(SHE,1,3), dial forward(SHE,2,3), dial forward(SHE,3,3)g,subs(SHE).9. dial(SHE,U,ALTER,T) :- not nodialf(SHE,U,ALTER),
fu(ME,ALTER), subs(SHE), 
y
le(U), 
y
le(T).To en
ode CFU it is ne
essary to 
ompletely re-implement some of the runs in thetransition system. A na��ve implementation leads to a situation where too many modelsare pruned (all runs of the party forwarding its phone are eliminated). We need to dosome work to solve this problem.Line 1 prunes models where the forwarding party is being 
alled. Line 2 is a
tivatedwhenever the forwarding happens. Given our implementation of the BCS, a 
all fromSHE to ME will move ME to a non idle state. The new idle2 and offhookA2 are dummystates, introdu
ed to move ME ba
k to the ready state. This is done by lines 3 and 4,from ready the subs
riber will be able to 
ontinue her 
y
le. Thus, the models whi
hwere lost are now re
overed. The remaining 
ode is mostly a re-en
oding of the diala
tion, whi
h is now 
alled dial forward, where a dial(SHE,U,ME,T) is interpretedas a dial from SHE to ALTERNow that we have provided implementations of the three features (TCS, OCS, andCFU) we are able to ask for spe
i�
 properties of the model.5.1 Che
king Properties on the Featured BCS.Implementing features on top of BCS 
hanges the original 
hara
teristi
s of the basi
system. Thus, one may want to re-run the tests that we performed in Se
tion 3 tomake sure that the featured system still satis�es desirable basi
 properties. We are notin
luding the results of those tests here. Instead, we will use the 
ompute statementto ask for spe
i�
 properties of the featured BCS. Below we provide a number of testsinvolving the features implemented above.We �rst ask for properties of the BCS together with a single feature.TCS and Call Blo
king. If the subs
ribers are pairwise s
reened, there 
an be no
allings. The following table provides the query s
heme together with the time requiredfor 
he
king one instan
e of this property.t
s(s1,s2) 8s1; s2 2 SUBS; s1 6= s2 Elapsed time 0:2.80
ompute 1 fnot false, 
alling(s2, t2, s1, t1)gAs we expe
t, the implementation returns no model satisfying this property.OCS and Call Blo
king. We run a similar test for the OCS feature: if the OCS featureis pairwise a
tivated for every subs
riber, there 
an be no 
alls. The query below returnsno model, as we expe
ted.o
s(s1,s2) 8s1; s2 2 SUBS; s1 6= s2 Elapsed time 0:2.80
ompute 1 fnot false, 
alling(s1, t1, s2, t2)g
12



CFU and Call Looping. If two subs
ribers forward their phones to ea
h other, nodial to either of them 
an be performed. The query below produ
es no model, as weexpe
ted.
fu(s1,s2) ^ 
fu(s2,s1) s1; s2; s3 2 SUBS; s1 6= s2 Elapsed time 0:4.50
ompute 1 fnot false, 
alling(s3, t1, s1, t2)gMore interestingly, though, the possibility of dial has also been eliminated: the query
fu(s1,s2) ^ 
fu(s2,s1) s1; s2; s3 2 SUBS; s1 6= s2 Elapsed time 0:4.50
ompute 1 fnot false, dial(s3, t1, s1, t2)greturns no models. This shows a real intera
tion of CFU with itself.Of 
ourse, feature intera
tion 
an o

ur also when two or more features are swit
hedon at the same time. Below we exemplify some of these situations.Intera
tion between TCS and CFU. If a subs
riber OTHER s
reens SHE and every 
alldire
ted to ME is forwarded to OTHER then SHE always obtains a busy tone when 
allingME.t
s(s3,s2) ^ 
fu(s1,s3) 8s1; s2; s3 2 SUBS; s1 6= s2; s1 6= s3; s2 6= s3 Elapsed time 0:3.30
ompute 1 fnot false, dial(s2, t2, s1, t1), not reje
ting(s2,t2)gAs we expe
t, no model satisfying this property 
an be found.Intera
tion between TCS and OCS. If a subs
riber ME a
tivates both TCS and OCSfor the same subs
riber SHE, then there is no model with a 
all between ME and SHE.t
s(s1,s2) ^ o
s(s1,s2) 8s1; s2 2 SUBS; s1 6= s2 Elapsed time 0:2.40
ompute 1 fnot false, 
alling(s1, t2, s2, t1)gThere are no models satisfying this 
on�guration.Although we have only reported on a small number of queries involving features on topof the basi
 
all servi
e here, we hope that it has provided ample illustration of ourmethodology.6 EvaluationAs we have seen in our testing examples, in smodels it is ne
essary to spe
ify a queryand then 
he
k whether it holds. In terms of dete
tion of feature intera
tion, thismeans that we have to dete
t a \harmful" [15℄ 
ombination of features and query forits existen
e. This 
ontrasts with the model 
he
king approa
h where one providesthe formal spe
i�
ation to a model 
he
ker, whi
h then veri�es the whole input for
onsisten
y. Thus, on the one hand we provide pre
ision and eÆ
ien
y of the query-based sear
h to 
he
k for one parti
ular kind of intera
tion. On the other hand, themodel 
he
king tool provides a robust, but 
ostly, method to sear
h for all possibleintera
tions.Exploiting the non-monotoni
 behavior of a feature is a natural way of viewing thepro
ess of feature integration. The methodology that we developed in this paper relieson this idea. The advantages of the approa
h are 
lear. In the design phase we are able13



to understand the feature without taking into a

ount the basi
 system. This 
omplieswith the generality of feature des
riptions, advo
ated by [11℄. Already in the featureimplementation, we 
an dete
t whi
h part of the system is being 
hanged and en
odejust that spe
i�
 module.The tool that we use, the smodels tool box, has both good points and some draw-ba
ks. The linear spa
e algorithm implemented by smodels permits the 
omputationof really big problems, but it o�ers nearly no support for developers. For instan
e, it isnot possible to de
lare the atoms in the logi
 program. Thus, any typo is interpretedas a new atom. Also, some synta
ti
 
onstru
tions do not work properly at present.This has for
ed us to hard-
ode some parts of the BCS.7 Con
lusionIn this paper we have reported on our ongoing work on using a 
onstraint-based ap-proa
h towards feature intera
tion dete
tion. Starting from a logi
 spe
i�
ation of theBCS, we drew a labeled transition system en
oding its behavior. This graphi
al inter-pretation was implemented in smodels and tested for 
onsisten
y. The testing phasenot only showed the 
omplexity of the problem but also the eÆ
ien
y of the tool in
he
king spe
i�
 properties of the implementation. We also des
ribed a method foren
oding features as 
hanges to the system's behavior. Finally, we integrated featureson top of the BCS implementation. We �rst 
he
ked the 
onsisten
y of ea
h featureindividually; we then veri�ed feature intera
tion by integrating multiple features on topof the system.Our approa
h to dete
ting feature intera
tion is a novel one. Of 
ourse, there iswork where smodels is used as a model 
he
king tool [9℄, and the model 
he
kingapproa
h is often used for dete
ting feature intera
tion [11℄. However, there is noapproa
h addressing both dete
tion of feature intera
tion and stable models semanti
sas a model 
he
king tool. Additionally, our approa
h fo
used on the non-monotoni
behavior of features.There are several reasons to 
onsider our approa
h based on smodels as more thanYet Another Formal Approa
h to Feature Intera
tion dete
tion. First of all, it brings the�eld of Computational Logi
 with all its ma
hinery to the Feature Intera
tion problem,and allows standard approa
hes in Knowledge Engineering to be applied. Se
ondly, therestri
tion to 
lassi
al \toy" examples is justi�ed be
ause this paper reports on ongoingwork, and the authors are 
on�dent that the experien
e in this well-established �eldwill enable to s
ale up the approa
h. Thirdly, the use of te
hniques from KnowledgeEngineering brings the added bene�t of being able to easily quantify the 
omplexity ofthe approa
h. Finally, stable model semanti
s makes it possible to deal with issues ofnon-monotoni
ity in a natural way.We now 
onsider some further questions about the general framework. First, itmay be worthwhile to migrate to other implementations of stable model semanti
s.Even though we have opted for smodels, there is a number of alternatives su
h asXSB [13℄ and DeReS [6℄. En
oding the BCS in those systems would permit a betterunderstanding of the idea of \features as 
onstraints," independently of the spe
i�

hara
teristi
s of a given environment.Also, as we already mentioned, our approa
h is very 
lose to model 
he
king. Itwould be rewarding to 
ompare both approa
hes in detail, in terms of, among others,generality, 
exibility, and performan
e. Finally, our approa
h revealed 
ertain short-
omings on smodels, whi
h 
ould be improved. In parti
ular, further support for system14
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