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Abstract: To adapt to continually changing businesses, many software systems have to undergo evolutions
through plugging new extensions into common base subsystems. Although it can facilitate concurrent development
and deployment, this evolution strategy faces the problem of unexpected feature interactions between extensions. So
far, formal method is still one of the most effective methods to detect feature interaction problems. The method has
been proved to be successful by some small scale experiments. However, it also faces some challenges, e.g., the
non-monotonicity of extension, the fast increase of extension combinations and the lack of extension details due to
market competitions. Actually, many feature interactions are caused by the inappropriate modifications to the base
subsystem and the existing extensions by new extensions. Based on this observation, the paper proposes a new
approach for analyzing the causes of feature interactions and for formulating the corresponding constraints such that
the conflicts with the same reason can be avoided. The approach has been applied to the analysis of the feature
interactions of telecom systems. The experimental results show that most of the conflict-prone behaviors can be
discovered quickly. In addition, the approach can help preserve the stability of the original base model and
extension models, bypass the problem of extension combinations, and eliminate the requirement to publish the
details of all extension models.
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proctype monitor() {
mon_chan ? actor, action, signal, argl, arg2—
if
i (action==SEND) & & (signal==idle_signal)—>
assert((state[argl]==s ringing) && (state_prev[argl]==s_idle));

Fig.3 The constraint on sending idle_signal in the BCM model
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proctype cw(byte id) {

(stateid]==s_connected) & & sig_chan[id]?[src, eval(id), call_request] >
mon_chan ! CW, SEND, idle_signal, id, src;
sig_chan[id] ! id, src, idle_signal;

Fig.4 CW reporting its behavior of sending idle_signal to monitor
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proctype bem_aug(byteid) {
do
:: (statefid]==s_connected) & & (act_chan[id] ? [eval(id), _, a flashhook])—
act_chan[id] ? eval(id), _, a flashhook;
sig_chan[id] ! id, partner[id], hold_signal;

Fig.5 The assisting code fragment for sending hold_signal
5 hold_signal

proctype monitor() {
mon_chan ? actor, action, signal, argl, arg2—
if
.. (action==POST_RECEIVE) && (signal==hold_signal)—
assert((state[argl]==s_onhold));

Fig.6 The constraint on receiving hold_signal in the BCM model
6 BCM hold_signal
proctype ec(byte id) {
(state[id]==s_connected) & & (sig_chan[id] ? [src, eval(id), hold_signal])—
sig_chan[id] ? src, eval(id), hold_signal;

/* doing nothing when receiving hold signal */
mon_chan ! EC, POST_RECEIVE, hold_signal, id, src;

Fig.7 EC reporting its behavior of receiving hold_signal to monitor
7 EC hold_signal
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Tablel Theanalysisresultsfor the feature interactionsin telecom
1

S1: Call waiting vs. Answer call | Reduced verification: (Mgcw,Mcw), (Mscm,Mac)
Conflict-Prone behaviors: Both features intercept the call request signal defined by BCM, thus inhibiting each other.
S2: Call waiting vs. Three-Way calling (SUSC) | Reduced verification: (Mgew+,Mrwc)

Conflict-Prone behaviors: TWC intercepts the flash hook signal defined by CW, thus inhibiting CW.

S3: 911 Emergency call vs. Three-Way calling | Reduced verification: (Mgcw+,Mec)

Conflict-Prone behaviors: EC intercepts the hold signal and does not produce the expected response.

S4: Terminating call screening vs. Automatic ReCall | Reduced verification: (Mgcm,Marc)

Conflict-Prone behaviors: ARC intercepts the call request signal, thus inhibiting TCS.

S5: Originating call screening vs. Area number calling | Reduced verification: None

Explanation: It is not caused by some modification but is caused by the restriction on the quota of some public variable.
S6: Operator services vs. Originating call screening | Reduced verification: (Mgcw,Mos)

Conflict-Prone behaviors: OS intercepts the call request signal, thus inhibiting OCS.

S7: Credit-Card calling vs. Voice-Mail service | Reduced verification: (Mgcms,Mccc)

Conflict-Prone behaviors: CCC intercepts the “#” signal defined by VM, thus inhibiting VM.

S8: MBS-ED vs. CENTREX | Reduced verificati On:(MBCM*,MMBSED), (MBCM*vMCENTREX)
Conflict-Prone behaviors: Both features can intercept a 4-digit number, thus inhibiting each other.

S9: Call Forwarding vs. Originating call screening (MUSC) | Reduced verification: (Macm,Mcr)

Conflict-Prone behaviors: CF intercepts and sends the call request signal, thus inhibiting OCS.

S10: Call waiting vs. Personal communication services | Reduced verification: (Mgcw,Mpcs)

Conflict-Prone behaviors: PCS changes the one-line-one-user relationship, thus invalidating the supposition of CW.
S11: Originating call screening vs. MDNL | Reduced verification: (Mgcm,Mmpnt)

Conflict-Prone behaviors: MDNL changes the one-line-one-number relationship, thus invalidating the supposition of OCS.
S12: Call forwarding vs. Originating call screening (MUMC) | Reduced verification: (Macw,Mce)

Conflict-Prone behaviors: CF intercepts and sends the call request signal, thus inhibiting OCS.

S13: Call waiting vs. Automatic CallBack | Reduced verification: (Mgcw,Mcw)

Conflict-Prone behaviors: CW sends the idle_signal, thus changing the precondition on sending the signal.

S14: Call waiting vs. Call waiting | Reduced verification: (Mgcw,Mcw)

Conflict-Prone behaviors: One CW instance intercepts the onhook signal, thus inhibiting another CW instanc.

S15: Call waiting vs. Three-Way calling (MUMC) | Reduced verification: (Mgcm,Mcw), (Meem,M1wc)
Conflict-Prone behaviors: Both features can intercept the onhook signal, thus inhibiting each other.

S16: Calling number delivery vs. Unlisted number | Reduced verification: (Mgcm,Mun)

Conflict-Prone behaviors: UN intercepts the deliver number signal defined by CND, thus inhibiting CND.

S17: Call forwarding vs. Call forwarding | Reduced verification: (Mgcw,Mcr)

Conflict-Prone behaviors: CF intercepts and sends the call request signal, thus leading to infinite loops.

S18: Automatic CallBack vs. Automatic ReCall | Reduced verification: None

Explanation: It is not caused by some modification but is caused by the synchronous access and update of some variable.

SPIN, 18 SPIN
Promela , C
.Promela , CsP . :chan_name ! msg
chan_name msg;chan_name ? msg chan_name msg. SPIN

Mewmc -Mgcwm 8 ,
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