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Abstract

Feature interactions occur when one feature interferds tvé intended operation of another
feature. To detect such interactions, each new feature beutgsted against existing features.
The detected interactions must then be resolved; manyirexigpproaches to resolving interac-
tions require the feature set be prioritized. Unfortunatéle cost to determine a priority ordering
for a feature set increases dramatically as the number tfresaincreases. This thesis explores
strategies to decrease the cost of prioritizing features flaus facilitates priority-based solutions
to resolving feature interactions.

Specifically, this thesis introduces a categorization epgin that reduces the complexity of
determining priorities for a large set of features by decosig the prioritization problem. Our
categorization approach reduces this cost by using alistnao divide the system’s features
into categories based on their main goal or functionality.(élock unwanted calls, present call
information). Next, in order to detect and resolve the imtéons that occur between these seem-
ingly unrelated categories, we identify a set of princigta@gproper system behaviour that define
acceptable behaviour in the global system. For exampld| theashould be blocked by a call-
screening feature should never result in a voice connecfiba categories are then ordered, such
that adherence to the principles is optimized. We show thettgucategory priorities, to order
a large feature set, correctly resolves interactions betviredividual features and significantly
reduces the cost to determine priority orderings.

The four significant contributions that this thesis makes &) the categorization of features,
2) the principles of proper system behaviour, 3) automatitegation of priority orderings for
categories, and 4) devising several optimizations thatcdedhe search space when exploring
call simulations during the automatic generation of theny orderings. These contributions
are examined with respect to the telephony domain and restiie identification of 12 feature
categories and 9 principles of proper system behaviour.ofoBrmodel was also created to run
call simulations on the categories, using the identifiedgples as correctness criteria. Our case
studies showed the reduced cost of our categorization appris approximately /10°°% of
the cost of a traditional approach. Given this significadugion in the cost and the ability of
our model to accurately reproduce the manually identifiearipy orderings, we can confidently
argue that our categorization approach was successful.

The three main limitations of our categorization approach 4) not all features (e.g., 911
features in telephony) can be categorized or some catesgeriecontain a small number of
features, 2) the generated priority ordering may still niedoe analyzed by a human expert, and
3) the run time for our automatic generation of priority ardgs remains factorial with respect
to the size of the number of categories. However, thesedtioits are small in comparison to
the savings generated by the categorization approach.
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Chapter 1
Introduction

As a system grows in size and complexity, it becomes necesdecompose the system into a
collection of subsystems, or features, that are considapdrately. This separation of concerns
allows the actions and reactions of individual subsystermh&texamined in isolation. Suamod-
ular developmentsimplifies feature design and implementation, in that eaeltuire is treated
as a separate concern that overrides and extends the systasic service. Modular feature
development also decreases the time-to-market for newrtegtbecause, ideally, features can
be developed in parallel or contracted out to third-parggpammers and then added to the sys-
tem without the feature developer needing to know about teegmce of other features in the
system. However, in practice, the addition of a new featareinterfere with the expected exe-
cution of those already in the system. This interference otayr because multiple features can
assign conflicting values to shared data variables and eat ireconsistently to the same input.
Interference caused by the addition of a new feature isctalfeature interaction.

Feature interactions pose a problem for service develppsrsach interaction must be de-
tected and correctly resolved to ensure proper functioofripe extended system. Several ap-
proaches to resolving feature interactions in moduladyetoped systems require that the fea-
ture set beprioritized . Unfortunately, the cost to determine a priority ordering & feature set
increases dramatically as the number of features incre@bésthesis explores strategies to de-
crease the cost of prioritizing features, and thus fatdgariority-based solutions to resolving
feature interactions. Specifically, this thesis introduaeategorization approachthat reduces
the complexity of determining priorities for a large set eafures by decomposing the prior-
itization problem, as discussed in Section 1.3. To promateutar feature development and
facilitate the rapid development of new features, we retstiir work to features implemented as
independently developed modules. We assume that feattge®mposed together in a system
with an architecture that coordinates the features’ execwand communication.



1.1 The Feature-Interaction Problem

Feature interactions are a major problem in incrementalvsoé development because the
naive addition of new features often interferes with theexrfunctioning of existing features in
the system. A typical interaction occurs when one featueggnts another feature from execut-
ing, or when the combined effect of several features is insbent. For example, an interaction
occurs when telephone feature Redirect, which redirecal attempt to another telephone num-
ber, fails to execute because its invoking signal is infetied by another feature; in this case, the
call is not redirected as expected. Another telephony elaimsp Billing feature that records
information about a call attempt that is blocked and tornaby a Call-Screening feature before
a voice connection is established.

Feature designers spend significant time and effort amagylzow new features interact with
existing features. Feature interactions must be identifietiassessed as to whether the interac-
tions are desirable or if they need to be resolved. When aesirable interaction is detected,
the designer must modify the new feature, the existing syste both to resolve the interaction.
Thus, the cost of adding a new feature can be high. When oy pifeatures are analyzed for
interactions, then the analysis of a new feature with rdsjeeexisting features is proportional
to the number of features already implemented in the systérarger subsets of features are
analyzed for interactions, then the analysis grows expaignwith respect to the number of
existing features. Thus, the time to develop a new featwegas the size of the system grows,
affecting not only development costs, but also potentianeie streams and market share, be-
cause customers must wait for new features to be analyzeumubeimented.

A feature designer can use several different techniquesdieas the feature-interaction prob-
lem, such as filtering, detection, prevention, and resmiutiltering identifies interaction-prone
features, so that a full system analysis need not be perthritas step is followed by a detection
algorithm, which identifies actual interactions. Finathe designer applies a resolution strategy
to correctly resolve the identified interactions. An altdive strategy is to use prevention to
avoid the occurrence of feature interactions, which canesones be accomplished by adjusting
the architectural style or modifying protocols for cooming various features.

A key approach to ensuring interoperability among indepetigt developed features lies in
architectures, design rules, and protocols that conssmaghcontrol how features interact with
each other. For example, AT&T’s Distributed Feature Conitpms(DFC) pipe-and-filter archi-
tecture [27], precedence rules for dispatching input essemfeatures [54], call filters [13], and
patterns [49] all resolve interactions between indepetigeleveloped features by prioritizing
features’ reactions to eventPrioritization is an effective method for preventing or resolving
conflicts between feature modules: in a call situation wmeuodtiple features are enabled, the
highest-priority feature reacts first, and then decidestldreo preserve the enabling situation
(e.g., output the signal unchanged) to allow lower-pryoigatures to also execute.
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1.2 Prioritization

Prioritization is extremely important in a system in which features areiegpbne after an-
other, in a serial manner. The order in which features aréeappffects which features receive
and process signals; hence, modifying the order in whictufea are applied changes the be-
haviour of the system. Adjusting a feature’s priority chesithe feature’s execution order within
the system and can help correctly resolve feature intenastiConsider a user who subscribes
to Personal Directory, which translates a code dialled byuser into a corresponding telephone
number, and Call Screening, which allows the user to bloadeainable call attempts based on
telephone numbers entered into a call-screening list.dfuker initiates a call by entering one
of the Personal Directory codes and the Personal Direceatufe is triggered first, then the di-
alled code is translated into its equivalent telephone rerrhbfore thecall-setupsignal reaches
the Call-Screening feature. The Call Screening featurepewes the telephone number to the
numbers on the call-screening list, finds the number on #tednd terminates the call attempt.
Alternatively, if the priorities are reversed, and the Cdleening feature receives tball-setup
signal with the dialled code, then the code is not found onctidescreening list, as the call-
screening list contains only telephone numbers, so Ca#e®ing allows the call to continue
to be setup. This second ordering results in an undesirat#eaction, as a call to a telephone
number that is on the call-screening list is established.

Previous work on prioritizing features includes the workedie et al. that uses prioritization
as part of their technique for testing constraint violasigt8] and Tsang and Magill's work that
uses prioritization in a run-time feature interaction @¢étan and resolution strategy [48]. These
prioritization techniques have several limitations. Olelgture pairs are considered in [18]; thus,
if a feature interaction occurs only when a larger featutegecutes, then this interaction is not
detected and addressed when prioritizing pairs of featbdeseover, the designer must provide
a default priority ordering that is used whenever an exoepérises [18, 48]. As well, these
prioritization techniques have scalability issues, asatthdition of each new feature results in a
significant cost increase to compute a new acceptable agddn fact, due to the large number
of features found in many domains, it is questionable whedHarge feature set can always be
prioritized.

1.3 Hypothesis and Thesis Overview

This thesis focuses on reducing the cost of prioritizingtao$endependently developed fea-
tures, where the priority ordering is used to resolve feainteractions. Our hypothesis is that
categorizationcan be used to reduce the cost of determining a priority orgéor a set of fea-
tures by decomposing the prioritization problem. Categation decomposes the prioritization
problem into two phases: partitioning features into categoand then sorting separately the

3



set of categories and the set of features found within eatdgeosy. To begin, each feature is
categorized based on its goal or functionality. For exantplke goal of a number of features is
to block unwanted incoming calls from reaching the subgeribn alternative feature goal is to
present information (e.g., caller identification, call éo the user. Although the functionalities
of these latter features vary in behaviour (e.g., via ringegoor textual displays), their common
goal is to present information.

The criteria for identifying and scoping feature categeaee to maximize cohesion and min-
imize cohesion between the categories. Maximizing colnebetween the features within a
category increases the similarity of the goals and behaypatterns of those features and thus
increases the probability that the features manipulatsainee shared variable, while minimiz-
ing the cohesion between the categories minimizes the deperes between features and thus
reduces the possibility of interactions between featurekfferent categories.

To detect and resolve the interactions that occur betwessetbeemingly unrelated categories,
we identify a set oprinciples for proper system behaviourthat define acceptable (or unaccept-
able) behaviour in the global system. An example of a priedip the telephony domain is: a
call that should be blocked by a call-screening feature Ishoever result in voice connection.
These principles are used to identify optimal orderings rgnibe categories, where an optimal
ordering is one that violates the smallest number of priesib

Specifically, when we use the principles for proper systehab®ur as correctness criteria,
we are able to detect the following types of interactionsveen feature categoriesonstraint
violations, which occur when undesirable data is recorded in the dséalgdobal-invariant
violations, which occur when the call attempt enters an undesirablestak; anddata mod-
ifications, which occur when features attempt to record conflictingiealto a shared database
entry. We do not claim that owategorization approachpresented in Chapter 4 prevents or
resolves every interaction of these types, just those tieat)gressed as principles to be upheld.

High cohesion among features in the same category meanthéyabave very similar goals
and behaviour patterns, making it highly probable that thlyattempt to manipulate the same
shared data variables. The resolution of thes&-category interactions does not usually de-
pend on global correctness criteria, but rather on useemrete. For example, if two features
react to the same event (e.g., Call Forward on No Answer aia\ail both attempt to handle
the case where the caller is unavailable), then the humaerexpst decide which feature has
priority and should respond to the event first. By decomppsire prioritization problem, we
can automatically generate resolutions to unintendedaot®ns between feature categories us-
ing the principles for proper system behaviour, thus frgeip resources (i.e., the human expert)
to focus on resolving interactions between intra-catedeajures.

The intra-category and category orderings are then cordltoproduce optimal orderings of

1A more formal definition of an optimal category ordering isegi in Chapter 4.
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features that adhere to principles of proper system bebavithese orderings can then be used
as input to several proposed priority-based resoluticatesies (see Section 3.5.4) to aid in the
feature-interaction problem.

We hypothesize that our categorization approach is gepamlgh (and the number of cate-
gories is small enough) to automatically generate optimalipy orderings for the feature cate-
gories. To evaluate this hypothesis, we created a modelj iBimlog that simulates a telephony
environment and that takes as input a set of categories artl& principles for proper sys-
tem behaviour. These inputs are used during call simul&atietentify and resolve interactions
that occur between categories. The model generates as auimmally verified set of optimal
priority orderings for the categories, each of which adbeoethe principles. In Chapter 6, we
generate prioritized orderings for 11 categories, usingriciples identified by our categoriza-
tion approach for the telephony domain.

1.4 Thesis Contributions

There are four significant contributions that this thesm/utes.

Categorization of Features: The categorization of features and the ordering of theswifea
categories are design rules presented in this thesis. Tégaraation constrains the design
as each feature component must be placed in one and only tegooa The acceptable
category orderings also limits the placement of featuresh shat features are grouped
together and implemented in an ordering that correctlylvesdeature interactions within
the domain. This categorization of features contributethéofield of feature interaction
in two ways. First, in order to correctly categorize feasligis necessary to develop an
understanding of the motivation and essential functidyali the features in the domain,
in our case the telephony domain, so that we can use this kdgelto create a set of
meaningful feature categories. A simple set of guidelimescfeating the feature cate-
gories was developed to help correctly categorize the fesaturhese guidelines increase
the effectiveness of the approach by increasing the aldifind unexpected interactions
that occur between seemingly unrelated features that arelfim different categories. The
second and larger contribution is that the problem of piing a large feature set can be
abstracted and reduced to the problem of prioritizing tleaidied feature categories, and
the problems of prioritizing the smaller sets of intra-gatey features. The categories are
constructed such that the abstraction preserves the @unaditly and goals of those features
within the category, and hence preserves the presencetafddateractions between cat-
egories. When features are composed into categories,dbetren in the cost to prioritize
features is significantly high for large sets of categoriedbatures.



Principles of Proper System Behaviour: The principles for proper system behaviour are a set
of principles that describe the correctness conditionsghauld hold within the system.
These principles provide the justification steps that aedlughen ordering the features
and their categories using the categorization design.ribsse principles are identified
by the system designer and/or end users and are used totentheaconditions under
which the ordered feature set meets the specifications éoddimain. Our contribution is
demonstrating that such a set of conditions, in our caséhtotedlephony domain, can ad-
equately constrain the system and identify necessaryatstis on the feature categories.
We demonstrate this result, in the telephony domain, byighog a set of principles and
using these principles to order the telephony categorie$inldg a set of correctness cri-
teria for a system is a balancing act between defining too roatgyia, which overly con-
strains the system, and defining too few criteria, whichltesa poor system behaviour as
unacceptable behaviour may not be prevented. It is especialllenging that the correct-
ness criteria must apply irrespective of which featurepaesent. Good decomposition of
features into categories eases the task of creating theotoess criteria, since we can use
the goals of the categories to define principles that hold&dh the base system and its
features. These principles are used to evaluate the behafipotential feature-category
orderings.

Automatically Generated Orderings : Another contribution of this thesis is that we designed
and developed a Prolog model that automatically generat$camally verifies optimal
orderings for a set of feature categories, according to afsefut principles of proper
system behaviour. Prolog exhaustively searches the pessil execution paths created
using all possible feature-category orderings. The Prohoglel evaluates the category
orderings’ adherence to the principles. Because manu&ysasaf feature interactions
is tedious and error-prone, and because all possible &eatdgerings are systematically
considered and evaluated, the model’s output results are accurate than orderings gen-
erated during manual analysis. Moreover, the model's dytpavides designers with a
reduced solution space of optimal orderings, so that dessgran concentrate their efforts
on determining the best-optimal ordering from the set obMiacandidates output by the
Prolog model.

Search Optimizations: One of the main concerns with the prioritization problemhis targe
search space that needs to be explored. In an effort to rekiscgearch space further, we
introduce several techniques that identify invalid suleoirtys. For example, one technique
explores all category pairs for principle violations anthoees from consideration all
larger feature sets that contain a pair known to cause aiplengolation. The existence of
one such pair reduces by half the number of full orderingsrthest be searched. Adding
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these techniques to our categorization approach allows feubstantial cost reduction
when prioritizing large feature sets.

Our evaluation of the optimized Prolog model, using the gaties and principles identified in
Chapter 4 for the telephony domain, shows a significant rismluén the cost of determining
priority orderings for a set of telephony features.

1.5 Thesis Organization

The rest of this thesis is organized as follows. We begin iagiér 2 with an overview of the
telephony domain and the terminology we use throughoutair@imder of this work. Chapter 3
gives a detailed study of the feature-interaction probl€mapter 4 describes the categorization
approach and its application to the telephony domain. @ndptescribes a Prolog model that
simulates the Distributed Feature Composition telephoclyitecture and that automatically gen-
erates optimal orderings of input feature categories auegrto the principles of proper system
behaviour. In Chapter 6, we discuss the results of the Piloglation, analyze the reduction
in cost of using categorization to prioritize features, distuss the limitations of our approach.
We conclude and discuss future work in Chapter 7.

Throughout this thesis, we use a combination of differentd¢o designate special words and
phrases, which are identified below:

Definition: identifies a new term that is introduced agefined, either for the first time or as an
extension to a previous definition.

Highlight : identifies the first occurrence ofkay word or phasein a new chapter or section.
Category Name: designates a feature category name, sudi@skS or RedialT
Principle Name: designates a principle name, such_agging or Accessibility

Prolog Data Structure designates a data structure in our Prolog model, suchlbstateinfor-
mation anddatabasevariables

Prolog Equation: designates a Prolog equation, such as a fedtarsition rule or principle
assertion

Signal Name designates a signal issued during a call-attempt, suelwabor teardown






Chapter 2
Background and Terminology

The majority of research into the feature-interaction peobfocuses on the problem as mani-
fested in the telephony domain [6, 16, 17, 30, 9, 43]. In thespter, we review the structure of a
telephone call including how features are implemented profdhe basic telephone system and
how these features affect the call. We have chosen to wotkawhodel based on AT&T’s Dis-
tributed Feature Composition (DFC) [27], since its arattitee is well-suited to the development
of modular features. Consequently, we use DFC-based telogiy throughout this work.

In this Chapter, we explore the various components of theplteiny domain, starting with
the basic structure of a call in Section 2.1. Section 2.2 de=% the different address zones
associated with a call, while Section 2.3 explains how mpldtuser calls are established. Section
2.4 explains the execution of a telephony feature. Sectidin2ntifies common types of feature
interactions in telephony. In Section 2.6, our DFC-basedehis compared against the original
DFC architecture.

2.1 Basic Call Structure

We define aserviceas the core functionality of the system, anigature as any add-on func-
tionality that extends the basic service. For example, tufean the telephony domain is Voice
Mail, which offers to record a message for the subscribemathe subscriber is unavailable to
answer the phone. In telephony, each feature subscripgi@sgociated with an address (i.e.,
telephone number); the addresses involved in a call determinich features are instantiated for
that call. We use the ternnodule to refer to a component that is part of a feature’s implementa
tion. We use the terrfeature to refer to both a feature and its component modules. In iahdit
to feature modules, there adevice-specific interface modulesdesignated IM in Figure 2.1,
that translate between the protocol signals (s¢l, sg2, s¢g3) understood by features and the de-
vice signals (i.e.sgl’, sg4’, sg5’) issued and understood by a device (e.g., telephone, cemput
network gateway). Thus, via an interface module, a featarelb® used in combination with
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Figure 2.1. A basic call is initialized by the ~ sg1’ signal from the caller’'s end device. The signal

is interpreted by the device’s interface module and then pas ses to the caller’s features, fj —

fjg, possibly changing values along the way. The 5g4 signal uses the Network’s interface
module to route the call setup signal through the network, wh ere the sgb signal enters the
callee’s feature, f1, and continues through the remaining features, fr2 — frm, and into the
corresponding end device to establish a voice connection.

different devices.
Definition 2.1.1. Address:

Telephony services are associated with unique telephomders that represent the
addressat which an end user can be reached. Each address is assoaiatie a
specific set of features that have been subscribed to by therosf this address.
Any call that originates or terminates at a specific addredsinclude in its call
path all of the features associated with that address.

Definition 2.1.2. Module:

Eachmoduleis a communicating finite state machine (CFSM) and repraseither

a feature module, an interface module, or a device modulehE4SM has at least
two ports on which they can send or receive signals. Whenreakig received on
one of the ports, the signal will trigger the execution ofaisition within the model.
This transition may generate a new call state, effect changéhe database system,
and/or issue an output signal that is sent out along one ohtireed communication
ports.

Definition 2.1.3. Feature Module:

A feature modules a module that represents the functionality of any addeature
to the basic service. A single feature may be representeditijpia feature modules;
these feature modules will each represent a core compomduonotionality of the
feature.
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Definition 2.1.4. Device-specific Interface Module:

A device-specific interface module a module that represents both the functional-
ity of an end device and the interface used by the device toepsincoming and
outgoing signals. Device-specific interface modules atalig found at the end of
a call path where the end device is located. These modulealdesto accept or
reject an incoming or outgoing call on behalf of the devicewaell as representing
user input by initiating signals that can be sent along thk gath. For example, a
device-specific interface module can propagate a signdlitigicates that the end
device is free and able to accept call/&i) and is also able to propagate a signal
that indicates that the end device is busy and unable to actmp incoming calls
(unavail.

A call is a sequence of feature and interface modules, as showguneR2.1. A call becomes
establishedwhen a voice connection is completed between the end-uBkesend points of an
established call are the users, but if the call is in the m®cé being set up or torn down, then
the end points could be modules. The goal of each call attentpform an established call. For
any given call, we distinguish between the useller) who initiates, or whose features initiate,
the call and the usecéllee who receives, or whose features receive, the call. Furtber, we
identify a feature’subscriber as the user who signs up for and pays for the feature, which may
or may not be the user who invokes or is affected by the feature

Definition 2.1.5. Call:
A call is the abstract entity representing a sequence of modukgsntiake up a
telephone connection (ideally or actually) between two @sets.

A call refers to either an established call or a call attempt.

Definition 2.1.6. Call Attempt:

A call attemptis a call (i.e., an abstraction of a sequence of modules)ithat the
process of trying to establish a connection between two eedsuln a call attempt,
at least one of the two end points of the call is not stablehasduting of the call is
not complete and more feature modules will be added to the cal

Definition 2.1.7. Established Call:

An established calls a call (i.e., an abstraction of a sequence of modules) hiaat

established a voice connection between two end users. @aocsice connection
is established, all the features associated with this cedl r@presented by one or
more of the feature modules in the sequence forming the Gdlé end points of
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the sequence are usually device-specific interface modepessenting the device
(e.g., telephone) used by the caller or callee. However,rahpoint can also be a
module that represents a feature designed to interact wighuiser (e.g., the voice
mail server, automatic message relay features).

Each call attempt progresses towards establishing a caltding new feature modules one
at a time to thecall path. When all of the feature modules belonging to the caller Haeen
successfully added to the call path, then the appropriateank interface module is added to
the call path. Next, the interface module transforms andgmshesetupsignal (the request
to establish a call) to the Network module, which routes sb&psignal to another network
interface module at the callee’s address. Network module represents the routing of the
call through the switching system of the basic telephonyesys For simplicity, we represent
the Network module and its corresponding network interfacelules as a single module in all
future figures. When theetupsignal is passed to a new address’s interface module, gftrans
and continues theetupsignal into the callee’s features, which are added onergyhato the call
path. Finally, thesetupsignal reaches the callee’s phone interface module, whiengrets the
signal for the end device. The end device rings, notifyirg¢hllee of the incoming call. The
call becomes established once the callee answers the call.

Definition 2.1.8. Call Path:

A call pathis the concrete sequence of communicating modules thatstantiated
as part of an established call or call attempt. A pair of mauare connected by a
first-in, first-out communication channel that maps from & jpm one module to a
port in its neighbouring module. There is no limit on the n@mdbf signals that can
be enqueued by the channel. Each port can be connected tosaom® communi-
cation channel and hence only modules with more than twospmam connect with
more than two neighbours; the number of neighbours a modageidalways less
than or equal to the number of communication ports owned éyrtbdule.

Definition 2.1.9. Network Module:

A network moduleis a module that models abstractly the routing of a call from
one address to another (i.e., functionality of the trunklin land lines or network
routers in IP telephony). Once the network module has bededtb the call path
of a call, the module routes signals from one address to aroth

Definition 2.1.10. Call Attempt Protocol:

A call attempt ignitialized when one of the modules, usually a device-specific in-
terface module, sendssetupsignal from one of its ports. When tlsetupsignal is
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output by the module at the unstable end of the call path, éx¢ module is added
to the call path by adding a communication channel betweersémding port of the
sending module and an unconnected port on the new moduleulb®dre added to
the call path in the following order:

1. A device-specific interface module or a feature module tlg ability to auto-
matically generate &etupsignal.

2. The feature modules (in order) for the initial address.

3. The network module (or a device-specific interface mgdb& continues the
call attempt into the next address.

4. The feature modules (in order) for the next address.

5. If another address is to be added to the call path, then gep 3. Otherwise,
a device-specific interface module representing the findigeint is added and
the call attempt protocol is complete.

Using DFC terminology [27, 52], each call is partitionedoir@source region which com-
prises the caller’s part of the call (e.g., the caller’'s dewdand features) andarget region, which
comprises the callee’s part of the call (see Figure 2.1). ¥¢etiie informal termeutgoing call
andincoming call to refer to a callsetupsignal in the context of source-region or target-region
features, respectively. Usually, these terms are assaocwth end-users, in that a caller places
outgoing calls, while a callee receives incoming calls. eNtbiat an end-user can act as both a
caller and a callee when the end-user is involved in mulgplés simultaneously. For example,
if Tim receives a call from Sam and then uses his Three-WalnQdkature to initiate a call to
John, thereby establishing a three-way voice connectiwm Tim is the callee with respect to
the call involving Sam and is the caller with respect to thiéiogolving John. Because a user
may be both a caller and a callee, and because these designate dynamic, as shown in the
above example, all of a user’s features must be includedaryeall, rather than just the caller’s
source features and the callee’s target features.

Definition 2.1.11. Source Region:

Thesource regionis a portion of the call path representing the modules asgedi
with the person who initiates the call (i.e., caller). Thausz region includes the
device-specific modules used by the caller and the featudell®® subscribed to by
the caller and any modules found in addresses through whiekdller forwards the
outgoingportion of the call attempt. In a successful call attempg, slource region
is followed by a target region.
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Definition 2.1.12. Target Region:

Thetarget regionis a portion of the call path that represents the modules essed
with the person who receives the call (i.e., callee). Thgdtaregion includes the
device-specific modules used by the callee and the featutalesosubscribed to by
the callee and any modules found in addresses through winéctallee redirects the
incomingportion of the call attempt.

2.2 Address Zones

The existence of features that redirect and forward callseto addresses add to the com-
plexity of a basic call structure. Calls may be routed thiougany different locations (e.qg.,
telephones, user addresses, trunk switches, networkspBX devices) before a connection is
established. Each of these locations, which we addiress zonescan add features appropriate
to the location as the call attempt progresses towards ahlested connection. Examples of fea-
tures that may be members of different address zones insfugkd dialling programmed inside
a user’s telephone, call waiting and other service-provielgures, routing features executed by
the router to direct the call, and PBX features that moniiiting. As well, the same feature may
be present in multiple address zones simultaneously. Fonpbe, a call may pass through mul-
tiple address zones in either region (e.g., a call is foredifdom a home-based service-provider
address zone and into a work-based service-provider aldoe®) and any feature, such as call
waiting and caller identification, can be present in anywhthese address zones.

Definition 2.2.1. Address Zones:

The source and target regions of a call can each be broken dotermultiplead-
dress zonesEach address zone represents the feature and interfacalesassoci-
ated with an address. In addition, the call path may includeice-specific address
zones that add feature modules associated with any deviet@ephone function-
ality, routing features) found along the call path.

To represent all these different sets of features, we diidecall attempt into a set of source
and target address zones, where each address zone has fsatuwe set. For example, if the
initial call request to one target address is forwarded tilaar target address, then there will be
multiple address zones in the target region. In such a dasdeatureg, ..., j,, associated with
the initial target address are included in the call, but aiyto the feature that, likg in Figure
2.2, redirects the call to a new target address; after thafigature set, ..., k,, associated with
the new target address is incorporated into the call. Sitpjldnere will be multiple address zones
in the source region if the caller routes her call througfedént originating addresses - such as
routing a call from home through a work address. Such a cedirporates the features, ..., f,

14



[——— source region { | target region =——
}— address s,—— |—addresssz—| |—addresst1—| |— address t,—

S S S S S S S, S S S, e
5, 2 TP 2 %2 2|2ﬂ
QW% T EN SRl k1_)lTk)M*a

n 4L 14 n I
t t t t l2 A

bbb
Figure 2.2. An established call, starting with an initial so urce address sl and target address
t1. The arrows between modules are annotated with the current s ource (above) and target
(below) address. Feature f3 redirects the call through a second source address 52; while
feature 7, redirects the call to a second target address ~ 12.

[ )
[N
[

¥
¥

—

—

1 1

associated with the home number only up to the feature tikat,f4 in Figure 2.2, redirects
the call; after that, the features, ..., g, subscribed to by the work number are incorporated.
If feature sets from two different address zones use diitgueotocols (e.g., the feature sets are
from different providers and use different signals), theirdéerface module translates the signals
as they cross the address zone boundaries. In our telephmitgl e abstract away the device-
specific address zones and the network/routing device ssldmnes, and represent these zones
as singleton interface and network modules. This decisiopldies the call simulation process
without effecting the behaviour of the features.

Incorporating multiple address zones into a call path dic®s an additional layer of com-
plexity with respect to feature interactions and the ordgf features in the call path. Zave
discusses this specific problem in [52] and introduces thatiom of Ideal Address Transla-
tion (IAT) as a methodology to determine how features in differedress zones should work
together. The new terminology introduced throughout teigisn is taken from the concept of
IAT.

The address zones, each of which is a collection of ordergdries, are ordered according to
IAT. In Figure 2.2, we see a call that was composed by incatiug features from two source
address zones;1 followed by s2, and two target address zones,followed by ¢2. When a
call transitions from one address zone to another, an &derModule (IM) is used to connect
the address zones; the IM can represent a simple interfadellmbetween different address
zones within the same network or the routing from one netwmikdevice on another network.
Each of these address zones represents features provideddog device, or subscribed to by a
person or arole (i.e., features assigned to a certain typmpfoyee like an Executive Assistant).
Using IAT terminology, an address zone that is closer to thessriber is more&oncretethan
an address zone nearer the network, which is consideredabetect. For example, in Figure
2.2,s1 could be the address zone of the end-device, wiiie a more abstract personal-address
zone (i.e., a home may have multiple telephone devices dytame subscription to telephone
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Figure 2.3. This figure shows Sally in two simultaneous calls . The same instance of free fea-
tures ff;1 and f f;o are used for every connection involving Sally, since these o ccur before
the bound feature fb;3, while new instances of the free feature  f fja, ffjsa and f fja, are
created for each call (Tom and Tina) connecting to Sally.

service and only one set of subscribed features). As thescaluted to each address zone, the
features subscribed to in that address zone are added taltipaih. There are no restrictions on
what features are applied in each address zone; consegjukatsame type of feature box may
be found in multiple address zones.

Address translation and the IAT principles are explored orendetail in Section 4.6, where
we discuss how address zones and our categorization appaioaintegrated. We also discuss
the results of combining these two approaches in Sectian 4.4

2.3 Multiple-User Connections

Normally, a new feature instance is instantiated whenédwefdature is invoked in a call. For
example, a new Call Screening feature module is instandtiateeach incoming call attempt to
the subscriber; each instance of this feature has access same call-screening list and is able
to appropriately terminate all undesirable incoming calls addition, there are special multi-
user features that coordinate calls between three or mers.u¥hese features need to be able
to coordinate between all possible connections involvireggdubscriber, so these features cannot
be instantiated anew for each call in the same manner as th8caening feature.

To address the needs of special multi-user features, wiaglisth between free and bound
features. Afree feature is one for which a new instance is created for each call. Wheseais
involved in a call and features have been instantiated fardall, then a second call to that user
will spawn new instantiations of the user’s free featurescdntrast, dound feature is one for
which there is a single instance for each user, and all qaldving the user are routed through
this instance. Any feature, such as Call Waiting, that neéedsow about all calls to the user is
implemented as a bound feature.
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Definition 2.3.1. Free Feature Module:

A free feature modules a feature module that is transient and interchangeabile.
Whenever a free feature module is added to the call path, ainstance of the
module is generated.

Definition 2.3.2. Bound Feature Module:

A bound feature modulés a feature module that is persistent and dedicated to a
particular address zone. Only one instance of this featusdute will exist for each
address zone at any given point in time, so that if a new catlifgted or received
while a bound feature module is already in use by another, tadin this new call
will use the already instantiated version of this bound deaimodule.

As shown in Figure 2.3, there is a single instance of freaifeat(f f;; andf f;2) that are linked
into the call between the subscriber and the bound feafisrg) (and these features operate on alll
calls/call attempts in which the subscriber is connectedohtrast, free features on the network
side of the bound features (e.g.f;4) each have a separate instantiati¢if;(., f f;«) for each
call/call attempt.

The existence of bound features changes the traditionaamppce of a call, as portions of
the call path may be shared by several calls. As a result sfcthange, we introduce two new
termscall segmentandsubcall. Eachcall segmentidentifies a different portion of the call that
is formed due to the presence of a bound fedt{28]. In Figure 2.3, we have two separate
calls, one between Sally and Tina and the other between Sally amd The call between Sally
and Tina is composed of the call segment from Sally’s endcgeta the bound feature bgs;;
plus a second call segment that joins to the bound fegthyseand incorporates the remaining
features starting with the free featuf¢;,, and continuing towards Tina’s end device. Similarly,
Sally’s call to Tom is composed of the same initial call segtfeom Sally’s end device to the
bound featurefb;3 and the call segment linking to this initial call segment @odtaining all
remaining features, starting with the free featife,, and continuing towards Tom’s end device.

Definition 2.3.3. Call Segment:

A call segmentis a distinct portion of the call path that indicates wherewneall

attempts can be connected into the existing call path. Eaatpteted call segment
is delimited at either end by either an end device interfaoduie or a bound feature
module. A call segment is incomplete if routing is still 3pd new modules to the
segment’s call path: these new modules become part of thisegament. Whenever

1These features will be identified as thltiplex feature category in Chapter 4.
2The voice connections for these calls may be joined in a t#tu@econnection, however we still consider these
to be two distinct calls.
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a bound feature module is added to the call path, the modul&srtae end of the
current call segment and the beginning of a new call segment.

The termsubcall represents any subsequence of a call path. To distinguistebe a call
segment and a subcall, consider the following: each calinseg forms a subcall, however a
subcall may span multiple call segments.

Definition 2.3.4. Subcall:

A subcallis a term used to express any continuous subsequence of cocatmg
modules in a call path.

2.4 Feature Modules

Eachfeature is modelled as a communicating finite state machine (CFSkhhEeature sends
and receives signals through two or more communicgpiomns. A signal refers to any inter-
feature communication, which may be a message, an eventh@adiavocation, and so forth. It
is through the passing and receiving of signals that thefeatcoordinate the setup and teardown
of a call. When a featuref;;, receives a signakg1, it changes state as it reacts to the signal by
performing the appropriate actions (e.g.,setting vaei@alues, issuing signals). Each destination
state is either a stable or unstable statgtaéle stateis any state that accepts incoming triggering
events (i.e., signals) and whose transitions to otherstae triggered by these events, and an
unstable stateis any temporary state whose state transitions are basednalitional results,
unstable states are used to transition from one stable tst@rother stable state. Once in a
stable state, the feature remains in this state until anatipeit signal is received. The feature
can pass the received signal unchanged, pass a new sigdelagiissuing a signal pending user
input.

Definition 2.4.1. Signal:

A signal is any communication event that can be sent along the concation
channel that links the ports of neighbouring modules. Tgeals may be generated
by an end user’s device or by one of the modules, and are partaiting protocol
for setting up and tearing down calls.

Figure 2.4 shows the CFSM for the Outgoing Call Screenintufeawhich terminates out-
going call attempts made to a number found on the call sangeist. This feature has two
ports, Port 1 and Port 2, and transitions from the stable statéle upon the receipt of a
signal at either of these ports. Notice thatSig, an input signal received b¥ort 2, is al-
ways output unchanged throudtvrt 1 to the neighbouring feature via the transition labelled
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Outgoing Call Screening

Port1:0utSig [OutSig not setup]
/Port2: OutSig

[target not blocked
/Port2:setup

Port2: InSig [ ]

_ Blocking
/Port1:InSig

Test

Port1: OutSig
[OutSig is setup]

[target is blocked]

[]
/Port1: TermMsg

Figure 2.4. The goal of a Outgoing Call Screening (OCS) featu re is to prevent any outgoing
call attempts to a target address found on the call screening list. The transitions of this CFSM
represent this goal, with undesirable call attempts being t erminated via the path through the
Call Termination state. The CFSM has one stable state, Idle, denoted by the double

circle. Transitions from this state are triggered by the rec eipt of an input signal.  Port 1is
the port to the subcall leading to the caller, which receives the input signal  OutStg, while
Port 2 is the port to the subcall leading to the callee. Port 2 receives the input signal

InSig. The transition label:

PortName : Input Signal [condition] /PortName : Output Signal
means that when the named port receives an input signal and th e condition is met, then this
state transition occurs and the output signal is issued out o f the second named port. For
example, the feature behaves transparently for all signals received by Port 2, propagating
InSigalong Port 1 and transitioning back into the I dle state.

Port 2 : InSig [ | /Port 1 : InSig. However, the input signal)utSig, received byPort 1,
can either result in sending a termination messagen M sg, alongPort 1 via the path through
the CFSM that leads to th€all Termination State, or in continuing the call attempt with
OutSig being output unchanged througtvrt 2 to a neighbouring feature.

In this thesis, we assume that all features use the same &t @fsignals and protocols;
however a different set of signals and protocols can beyastommodated using interface
modules to translate between protocols. The core set of Ditals are:setup (initiate a call
attempt),teardown (end a call),avail (callee’s device is available to receive a setup request),
unavail (callee’s device is unavailable to receive a setup requastjredirect (modifies the
address for the caller or callee of this call). For simpjicit this work, we assume that signals
are sent directly from one feature to another; but, depgndmthe architecture of the domain
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being considered, signals could be routed through a dispgata feature-interaction manager,
and so forth.

Definition 2.4.2. Implemented Core DFC Signal Set:

The standard DFC signal set that is implemented within ouCEFased telephony
domain.

setup: this signal initializes the call attempt. When a module éssthis signal, the
next feature module to be added to the call path is initiaiaed this signal is
passed into the new module for processing. Usualbetupsignal continues
to be propagated through the call path until either a featomedule terminates
the call attempt or an end device is reached.

avail: when a device or feature module determines that the calledles to ac-
cept the incoming call, then the module issues this signaldx the caller of
the successful status of the call attempt. This module atsepts the incom-
ing call to the callee. Usually, thavail signal passes transparently through
the modules found along the entire length of the call pathvéwer some fea-
ture modules, such @edial features, can react to this signal and change the
progress of the call attempt.

unavail: when a device or feature determines that the call attempssiccessful,
usually due to the unavailability of the caller, then the miedssues this signal.
Usually this signal passes transparently through each rfeosiuthe call path,
unless a module is designed to treat failed call attemptsyhich case the
module will usually redirect the call attempt.

redirect: when a feature module determines that the call attempt ig tetirected
to an alternate address, then the module issues this sidosilially this sig-
nal causes the call attempt to immediately exit the curreltress zone. The
next module added to the call path processes the irgulitectsignal and, usu-
ally, outputs asetupsignal continuing the call attempt by adding the modules
associated with the new address zone.

In addition to the above core set of signals, the followirgnals are also usednswer(call
is answered and accepted)gTO (call attempt is not answered), affiehture-specifisignals
(signals designed to work with specific feature modulesg Befinition 2.4.3 for the complete
signal set used in our domain. To explain the advantagesing @sature-specifisignals, con-
sider the following example: historically, when implemiegt Three-Way Calling (3WC) and
Call Waiting (CW), theflashhooksignal was used to trigger both of these features. When the
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subscriber of 3WC issuedftashhooksignal while already involved in a call, the 3WC feature
would trigger, placing the other party of the current callaid and then allowing the subscriber
to initiate a call to a third party. These two parties woulerthpe joined into a single call after the
subscriber generated anottftashhooksignal. In addition, when the subscriber of CW issued
a flashhooksignal, while already involved in a call and after receivimgification of a second
incoming call, the CW feature would trigger, placing theestparty of the current call on hold
and connecting the subscriber in a voice connection witlp#ngy of the incoming call. The CW
subscriber could switch back and forth between these twe bglusing theflashhooksignal.
Ambiguity arose when a user subscribed to both CW and 3WCIl&meously and when the
subscriber was involved in an established call and a secmuiriing call was received; if the
subscriber issued th&ashhooksignal, both features would be triggered, however the astod
these features conflict and there is no way to determine thgcsiber’s true intention of how
the signal should be used. This ambiguity can be resolvetidyse offeature-specifisignals,
where a signaCWSwitchis used by CW to switch between two active calls and a diffeser

nal B3WClInit is used by 3WC to initialize a call to a third party. Now wher Bubscriber issues
a signal, the appropriate feature will respond. Thus, featlesigners are encouraged to use
feature-specific signals whenever a user generates a mersigmal to trigger feature execution
or feature action.

Definition 2.4.3. Complete Signal Set:

The signal set used in this DFC-based telephony domaindesldoth the imple-
mented DFC signals identified in Definition 2.4.2 and thereeel signals set iden-
tified below:

answer. this signal is used to indicate that the callee’s end devias answered.
This signal generally results in the formation of the voioamection.

ringTO : this signal indicates that although the call attempt wascessful in reach-
ing the callee, the call was not answered after a designatedumt of time.
Usually this signal is passed transparently through eaclduat® in the call
path, unless a module is designed to treat failed call attspip which case
the module will usually redirect the call attempt.

feature-specific a feature designer may define new signals that trigger foneti
ality only within a specific feature module. Feature-spedignals are imple-
mented to remove signalling ambiguity, since only a spefgfiture module
(or set of feature modules) can react to this signal: all otfeature modules
execute transparently when this signal is received.
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In addition to signalling information, the telephony systeeeds to maintain information re-
lating to the call, so that it is able to correctly executetdea tasks and direct the call. For
example, call-state information records the executiotustaf the call (e.g., whether a voice con-
nection is established), feature data records subsalf@red information used by the features
(e.g., Call-Screening lists, subscription informatiand system data records system-related in-
formation (e.g., billing, time, resource allocation).

We partition these data into two types: dynamic and staflgnamic data pertains to the
structure of the call and stores information such as the oaitipn of the call (e.g., a feature has
been added, a voice connection has been established)irgtateation for each feature in the
call, and the set of signals found in the message queuesdbrfeature Static data pertains to
information that persists beyond the lifetime of a call,lsas feature data (e.g., who subscribes
to which set of features) and system data (e.qg., billingnes)o Static data that is shared between
features (e.g., alias information) or that is accessed figrdnt instances of the same feature
(e.g., Call-Screening lists) is stored in the telephongblase, instead of being stored internally
by the feature.

Definition 2.4.4. Dynamic data:

Dynamic datais data that frequently changes within the domain. In our Dif&3ed

telephony domain, this data includes information relatethie structure of the calls
and call attempts, such as whether or not a module is insagediand which call
segment it is associated with, the status of the call att§apbice connection is
established, the call is being torndown), and status ingtram related to the active
modules.

Definition 2.4.5. Static data:

Static datais data that does not frequently change within the domairmunDFC-
based telephony domain, this data includes informatiohpkesists beyond the life-
time of a call, such as feature data that determines who silescto which set of
features and system data that identifies permanently recbidformation such as
billing details.

A feature box’s execution is triggered by the receipt of analg When an input signal is
received, the feature uses the input signal, together Wwétdynamic data pertaining to the call
and static data associated with this feature box, to deterthie appropriate response.

A feature module can behave transparently or execute oneoge actions. Atransparent
execution propagates the incoming signal unchanged toetktefeature in the call path without
changing the state of the feature’s CFSM and with no chargt®etdatabase data. This trans-
parent execution gives the appearance that this featusenbdexist and that a direct connection
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exists between the feature module’s neighbours. Alterelgtithe feature can perform an action,
such as modifying dynamic or static data, issuing new sgyral modifying the call state. For
example, if the feature terminates a call attempt, then #tlestate is modified and &eardown
signal is issued.

2.5 Feature Interactions in Telephony

Features interact when the combined execution of a set afre=sachanges the execution of
one or more features in the set. Given that each featuretsuére can affect the telephony
database, call states, and signals, these are the mainsciima&t are monitored for the presence
of feature interactions. For example, if two features boyhtd record data to a shared data
variable in the telephony database, the execution ordehisiset of features may result in the
call attempt reaching an undesirable call state (i.e., @ bcorded by the first feature modifies
the call attempt so that the second feature does not behadesagmed), or the features may
execute in an order such that undesirable data is recordee mfatabase (i.e., the data recorded
by the second feature incorrectly overwrites the data ceabby the first feature).

Definition 2.5.1. Feature Interaction:

A feature interactionoccurs when the behaviour of a feature in the presence of
another feature differs from the behaviour of that featwurme in isolation.

In Section 4.2, we discuss principles of proper system hehgwvhich express desirable or
undesirable call states, variable values, and actions. Fes& example, a call state connecting
two users in a voice connection is undesirable if a featuserésthat this connection should be
prevented (i.e., blocked). Similarly, it would be undeBleafor a Return Call feature to record
information about a call that should be blocked, becauseaisiee presumably would not want
to return a call that he never wanted to receive. Sectioni8els@ complete description of the
different types of feature interactions.

2.6 Comparison with the DFC Architectural Model

In this section, the main difference between our DFC-basedainand the original DFC ar-
chitectural model are highlighted.

Different signal sets:

The core set of DFC signals also includestknown(target address is invalidyipack(signal
used to acknowledge receipt of tlsetupsignal), anddownack (signal used to acknowledge
receipt of theteardownsignal).
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unknown: this signal indicates that the routing address receivedthéynetwork interface mod-
ule is invalid. This signal indicates that the call attenmgotimot be completed as dialled and
that this call attempt should be terminated.

upack: this signal is used to confirm the receipt of@tupsignal. Whenever getupsignal is
input into a feature module, thepacksignal is sent back to the module that generated the
setupsignal to confirm to the sending module that the communipadietween them has
been established.

downack: this signal is used to confirm the receipt afemrdownsignal. Whenever &eardown
signal is input into a feature module, tlewnacksignal is sent back to the module that
generated théeardownsignal to confirm to the sending module that the communipatio
between them has been torndown, and that no more messaggstadd channel will be
forthcoming. The module generating theardownsignal will not be removed from the
call path until after thelownack is received.

Our DFC-based telephony domain abstracts away the DFCqmistthat are used to establish
channels between neighbouring feature modules, sincllissiag these channels is orthogonal
to feature behaviour in the domain. Thus, we do not implerttetpackanddownacksignals,
which are used solely for the proposes of establishing aaditening these channels. The
unknownsignals are not modelled in our domain, since these sigaptesent an unrecoverable
failed call attempt and thus will not trigger the functioityabf any features.

It was also noted in Definition 2.4.2, that we chose to enhdheeset of signals that were
modelled within the DFC-based telephony domain. The erdthsignal set allows the domain
to consider a wider range of feature behaviour andéaéure-specifisignals allows the domain
to remove interactions caused by signal ambiguity.

Signal Implementation:

Unlike in DFC, the signal routing data is not stored as pathefsignal, but rather this data
is stored separately in a centralized call database. Thgodata includes the region in which
this module resides (source or target), the source andt tadgeesses for the call, and the alias
information associated with the address of the oppositiemneg

Signal Translation:

In the DFC architecture the interface modules are desigmeeltresent the translation of the
type of signals from the type issued by the device in the previaddress zone to the type of
signals used in the next address zone. Since our DFC-baepihday domain is not imple-
mented at run-time we simplify our device-specific integfasodules by assuming all modules
issue and react to signals from the same set, so that nodtians are needed when connecting
the modules from different address zones.
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Reversible Modules:

Several features need the ability to generate a call attemjpiehalf of the subscriber, or to
handle multiple connections simultaneously. When featthrat generate a call attempt have the
ultimate goal of including the subscriber in the call, thka feature must be able to issue the
setupsignal in both directions to reach the parties that will betuded in the call. Hence, these
features behave as a member of the source region in onepoftihe call and as a member
of the target region in another portion of the call. In the D&Chitecture, this functionality
cannot be represented in a traditional feature box, thiessable feature boxes were added to the
architecture to support this functionality. The reversdehture boxes must be able to perform
their tasks under a variety of circumstances, and hence thature boxes must be implemented
in both the source and target region. In DFC, all bound fealaxes and all feature boxes that
are able to initiate or generatesatupsignal in both directions are reversible feature boxes and
are always added to the call path of a call that includes theaiber, regardless of whether the
subscriber is the caller or the callee for this call. Withur ®FC-based telephony model, we
assume thadll feature modules are added to every address zone regarfllebstber they are
reversable and regardless of whether the subscriber istlee or the callee on that call. Hence,
all our feature boxes are found in both the source and taeggbm, and we do not distinguish
between reversible and non-reversible feature boxes. \Wineodule is located in a region where
its functionality is not executed, the module simply belsaag a transparent feature box.
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Chapter 3

The Feature-Interaction Problem

This chapter provides an in-depth study of the featureratéon problem, starting with a de-
scription of the different types of feature interactiong¢fon 3.1) and the various techniques
used to help eliminate or reduce the problem. SpecificaélgtiBn 3.2 describes techniques for
filtering the set of features to be analyzed for interacti@gsction 3.3 discusses several methods
for detecting feature-interactions, Section 3.4 explonésraction-prevention techniques, and
Section 3.5 explains several resolution techniques. @e&i6 focuses on research that deter-
mines priority orderings that are used in resolution teghes, and is hence closely related to the
approach presented in this thesis. We conclude our survized€ature-interaction problem in
Section 3.7.

3.1 Feature Interactions

To reiterate a few relevant definitions,sarviceis defined as the core functionality of the
system, and #&eature is defined as any add-on functionality that extends the lsesiice. A
feature interaction occurs when the presence of one feature in the system affesitvely or
negatively the execution of another feature in the system.

In the Feature Interaction Workshops [6, 16, 17, 30, 9], mainthe authors use different
definitions for various types of feature interactions. Tolofving classification of feature inter-
actions incorporates the majority of interactions defingdhese researchershared-variable
conflicts, constraint violations, global-invariant violations, data modifications, user/feature
interactions, resource contention reachability, andrace conditions

Shared-Variable Interaction

A shared-variable interaction occurs when two or more features simultaneously attempt
to assign conflicting values to the same variable.
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Example 3.1.1.Call Waiting vs. Voice Mail.

Both Call Waiting (CW) and Voice Mail (VM) want to change tledl-state of an incoming call

when the called party is already on the phone: VM wants toreetlithe call to an automated
answering service, while CW wants to establish the conmreetind allow the called party to switch
between his current call and this new call. Because bothufeatwant to update the new call’s
call-state and their proposed call-state values conflicthared-variable interaction exists.

Constraint-Violation Interaction

A constraint-violation interaction occurs when the action of one feature violates a con-
straint asserted by another feature. A constraint reptesamstriction placed by a feature
on the system to ensure that the feature’s requirements ate Imthe example below,
the Terminating Call-Screening feature asserts a consttait states that Mike should not
receive calls from Sally.

Example 3.1.2.Terminating Call Screening vs. Operator.

Mike blocks calls from Sally using the Terminating Call &tieg (TCS) feature. However, Sally
asks the Operator to setup a call that connects her with Mikkee Operator does not have access
to Mike’s call-screening list and will likely place the callypassing the TCS feature.

Global-Invariant Interaction

Global-invariant interactions are similar to constraint violations, the difference being
that global invariants are properties that are assertedsystem’s initial state and are
expected to persist throughout the duration of an apptin&iexecution. As an example,
a global invariant may prohibit users from participatingmore than one active call at a
time. (Note that we model conference calls as a single acalle and the Call Waiting
feature allows a user to switch between two active calls.)

Data-Modification Interaction

A data-modification interaction occurs when a feature reads and reacts to a shared vari-
able value that has been modified by another feature. Formrathe execution of one
feature modifies the system environment, such that the ddeature cannot be activated.

Example 3.1.3.Call Waiting versus Automatic Call Back.

Automatic Call Back (ACB) repeatedly queries a busy line awmiifies the subscriber via a special
ringback when the line becomes free. Call Waiting (CW) altré subscriber to a second incoming
call when the subscriber is already on the phone. Suppose Alibscribes to CW and is speaking
with Charlie, when Bob, who subscribes to ACB, calls. Beeaigce's CW feature alerts Alice
to the new incoming call, Alice’s line is not deemed busy. lifeAchooses not to accept the new
call, Bob does not know to activate ACB. Even if Bob did at#iveCB, ACB would treat the line
as being free and would do a call-back immediately.
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User/Feature Interaction

A user/feature interaction occurs when the behaviour of a feature conflicts with the be-
haviour that the user expects (or would likely prefer). Fxaraple, user/feature interac-
tions can occur when two or more subscribers use the samephgsvice, but subscribe
to different features. In a user/feature interaction, datudres behave as specified: in some
situations, users may be happy with the features’ behavamat in other situations, users
may not be happy. As an example, a Hotel Room Calling featilsechllers for a call after

a call attempt has been initiated for 10 seconds, whethestdhe call has been answered.

Example 3.1.4.Call Waiting vs. Personal Communication Services.

Two users (Alice and Bob) share the same physical phone aivetdifferent phone numbers. Alice
subscribes to Call Waiting (CW), but Bob does not. When Bamithe phone and a new call

arrives for Alice, does Alice’s CW feature interrupt Bob aed Bob being on the phone override
Alice’s features? Alice and Bob may have conflicting opisiabhout what is the correct behaviour.

Resource-Contention Interaction

A resource-contention interactionoccurs when the total number of requested resources
exceeds the number of resources available, and preventedivwes from executing at the
same time.

Example 3.1.5.Call Waiting vs. Three-Way Calling.

A resource contention occurs between the Call Waiting (G&fufe and the Three-Way Calling
(BWC) feature in land-line telephones because both feastneed access to a hardware device
known as a bridge to establish a connection with the third.Usach land line has only one bridge,
so both features cannot be active simultaneously.

Reachability Interaction

A reachability interaction occurs when the call reaches a state (or execution loopitthat
cannot exit, preventing the call from progressing.

Example 3.1.6.Call Forward vs. Call Forward.

Consider the situation where both Bob and Sally subscrilgaibForward (CF). When Bob leaves
the office, he forwards all incoming calls to Sally. In the m@ae, Sally sets her CF to forward
calls to Bob while she is in a meeting. When John calls Salycdil is constantly forwarded back
and forth between Sally’s number and Bob’s number by the @farfes; therefore John will not be
able reach a state where he can successfully complete hjsting a reachability interaction.
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Race-Condition Interaction

Race-condition interactionsoccur when (1) two features access the same variable, (2) the
order of the accesses depends on user actions or processadssand (3) different orders
produce different results. Race conditions are similaraiadanodification interactions, in
that one feature reads a system state that was changed lneafezture. The difference

is that there are several possible behaviours in a race ttmmdbecause different features
can “win” the race in different situations.

Example 3.1.7.Automatic CallBack vs. Automatic Recall.

When activated, Automatic Recall (ARC) will dial the numtifehe last incoming call. If the line is

busy, ARC will continuously test the line. When the line bexofree, a ringback will be issued to
the subscriber. When the subscriber answers the ringbaRk; Aedials the number in an attempt
to establish a connection. Consider the situation where Bdiiscribes to Automatic CallBack
(ACB) and Sally subscribes to Automatic ReCall (ARC). Wham d&lls Sally and she is on the
phone, he activates ACB. When Sally finishes her call, shesekao initiate ARC. If Bob’'s ACB
and Sally’'s ARC activate at the same time, then ACB can kéégiiimg new calls to Sally and ARC

can keep returning calls to Bob. This repeated race comitould prevent either feature from
receiving a free line status, leading to a reachability naietion. (Note: this is unlikely to occur

simultaneously.)

3.2 Filtering

Filtering is a technique used to reduce the number of subsets of featae need to be
tested or analyzed for interactions. The goal of filterintpigdentify subsets of features where
interactions are known or suspected to occur. Without iiiltgrthe amount of work required to
detect feature interactions in a system is often exporientiae number of features: each feature
must be tested in combination with all possible subsets@gttisting features in the system to
ensure no interactions exist. Thus, filtering is used totiflesubsets of features that do not have
interactions, thereby reducing the number of test casesh@namount of analysis that needs to
be performed and improving time to delivery.

The main idea behind filtering is to represent features abatract level. Subsets of abstract
features are then tested to determine if (1) an interactiolefinitely possible, (2) no interaction
is possible, or (3) the possibility of an interaction is uakm (interaction-prone). From this test,
only the sets of concrete features that are interactiongoreed to be further tested by a more
thorough feature-interaction detection technique, nakiie detection process more efficient.

Despite the advantages of filtering, errors can occur if da¢ures are represented incorrectly
or if the abstraction level of the features is too high. Intsaccase, filtering returns false-
positive or false-negative results. False positives owdugn two or more features are marked
as having an interaction or being interaction-prone whemnteraction is possible. When too
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many false positives are returned, the filtering is not effiti this may cause an explosion in the
number of feature sets that are analyzed in the detectige.stafalse negative occurs when the
filter determines that an interaction is not possible whefadh an interaction can occur. When
false negatives are found, the filtering tool prevents adgon-prone features from ever being
analyzed by the detection tool.

Filtering is most effective when applied at design-time amjainction with a design-time in-
teraction detection technique. The designers can teshferactions and modify the design or
code to correct any interactions found.

3.2.1 Use Case Maps

To aid in the feature-interaction problem, Use Case Map3a\g)tave been used as a filtering
tool. Nakamura et al. [37] chose UCMs as their filtering taml three (3) reasons: (1) UCMs
visualize global call scenarios at the requirements lesati exhibit no information about the
detailed system behaviour or complex semantic models; @YI&lhave adequate characteristics,
such as concurrency, alternative and hierarchical desgigiescribe features at the requirements
level; and (3) a tool called UCM Navigator has been develaped helps designers to draw
syntactically correct UCMs [37].

A UCM, called a submap, is created for the basic telephontesysnd for each individual
feature. For each set of feature pairs, the submaps of therésaare combined. The compo-
sitions of the submaps are then analyzed to test for inferet If a conflict is found in the
same stub (a specific place within the UCM scenario) of thepmmad feature submaps, then a
feature interaction is detected. If the combined featuler®p is compared against the feature
submaps before composition and no change is detected, dHfeature interaction has occurred;
otherwise, the features are assumed to be interactiorepime interaction-prone feature pairs
need to be further analyzed to determine whether they caactnriteract.

3.3 Detection

Feature-interactiodetection techniques identify feature sets that can interact wherieiiie
tures are combined in the system. If a feature interactiamoisdetected, then it cannot be
resolved and the resulting system will encounter situatiwshere unanticipated or incorrect ac-
tions may occur. Such a system does not meet all of its spatoifics. In this section, a selection
of feature-interaction detection techniques is descrifdgkse techniques are generally used in
off-line analysis. Results from a detection analysis camdex to demonstrate that the system
works correctly or to identify potential conflicts that neede resolved.
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3.3.1 Requirement-Level Techniques

A requirements modeldescribes users’ expectations (e.g., user goals with cespdéunc-
tionality and implementation) of the features and the ulyitey service in terms of observable
events. An accurate requirements model combats the featigraction problem since the con-
sumers’ desires are clearly communicated to the softwarelagers, who can then adjust the
software to address these concerns. For example, a requitemodel can be analyzed to deter-
mine how different features respond to the same externatesech analysis can help developers
detect an unexpected interaction.

Gibson argued that many feature interactions occur beaaps®r requirements model was
used [21]. Gibson lists ambiguous signals (i.e. ftaghhooksignal is used by more than one fea-
ture) and restrictive assumptions as some of the problerdad requirements model. Gibson
then proposes using formal mixed-method semantics toecteatrequirements model. Careful
analysis of feature requirements during construction efrégguirements model will limit the
application of restrictive assumptions (e.g., Caller kkegds thetelephone numbeof the caller,
which may restrict the feature’s ability to be updated toesdvthenameof the caller) or force
these assumptions to be made explicitly. Once the requivenmeodel is complete, features can
be compared. If an interaction is detected, an approprst@ution can be devised and added to
the requirements model.

CHISEL and its editing tool SCES/Sculptor [2] form a method for defining requirements for
communication services. The tool is designed to aid in teatan of better requirements and to
translate requirements specification into some commordy fermal languages (e.g., Message
Sequence Charts and process algebras) for verificationestidd. Feature requirements writ-
ten in CHISEL are tested for interactions by merging theuest and determining whether the
resulting combination is consistent with respect to howféeures behave in isolation. If the
combined features’ behaviour is found to be consistenty the feature set is interaction-free;
otherwise an interaction is present.

3.3.2 Formal-Methods Techniques

Formal methods are mathematics-based techniques for modelling and vsgifgystems. In
the area of feature interactions, formal methods are uskdlpprove the absence of unwanted
feature interactions or to detect feature interactions.

Feature-interaction researchers have used many typesnsiffonethods, such as finite state
machines (FSMs), Petri-nets, LOTOS, and Promela/SPINovidele will describe some of the
formal method techniques in terms of feature-interactietection.
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3.3.2.1 Finite State Machines

Finite state machines (FSMs) can be used to represent tieeedif features in a system [50].
Each feature is implemented independently, applying tineept of separation of concerns. The
FSMs are then composed and analyzed to discover patteri) vepresent the different types
of interactions that can occur. These patterns form a pei@guage for feature interactions.

Fritsche [20] uses Generic Finite State Machines (GFSM@golrve conflicts among features.
A GFSM models all aspects of call control and monitors théesydor the presence of trigger
events (changes in the connection), feature activatiorsages, or external events (changes in
device status). When multiple features are activated bygénee event, the GFSM is then able
to detect and resolve feature interactions by evaluatiagffects of the features’ enabled state
transitions.

3.3.2.2 LOTOS

Language of Temporal Ordering Specifications (LOTOS) isrenfd specification language that
has both an algebraic component and an abstract-data-typponent. LOTOS is a language
used by researchers to formally specify features and digatire-interactions, usually at the
specification level (see [4, 19, 22, 46]).

LOTOS has also been used to implement constraint-/knowledgnted specifications [19].
The constraint-oriented specification style comprisesehevels of constraints: (1) local con-
straints confined to a single telephone, (2) end-to-endtraings that apply to a phone connec-
tion, and (3) global constraints that hold in the entire syst The knowledge-oriented portion
of this specification incorporates for each feature a senofedge goals that are specified as
LOTOS processes. The knowledge goals are determined bethgner and identify the goal(s)
of the feature with respect to the local point of view of thattee. Once the knowledge goals
are written, the specification is simulated to check thatta feading to the knowledge goal is
reachable. Non-reachable goals identify the presence iotaraction or a design error.

LOTOS can also be used with UCMs to detect feature intenagtié]. The features are de-
signed at a high level of abstraction as UCMs. The UCMs ane téned manually into LOTOS
specifications, which are at a lower level of abstractiore fidgfinement to LOTOS often reveals
missing or ambiguous information in the original UCM modél$ie formal LOTOS specifica-
tions can then be verified and feature interactions can bextet using reachability analysis,
model checking, or event simulation.

3.4 Prevention

Prevention techniques avoid interactions by coordinating featureh sbat interactions are
prevented from occurring. For example, a system that igydesi so that features are executed
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in series avoids interactions due to features reactingas#me input event at the same time,
because the order in which features receive and react toséme is serialized. The first feature
in the series receives the input: if the first feature doesewudt to the input event, then the event
is passed to the next feature in the series. However, if theféiature reacts to the input event,
that feature has a choice as to whether or not to pass theeampat to the rest of the features in
the series. When the first feature chooses not to pass alengght event, the second feature
never receives the input event, and hence resolves thebpoésature interaction that would
occur if both features responded to this event.

Other researchers have made different architectural egmlekecisions that limit or prevent
specific types of feature interactions from occurring inrtegstems. Prevention techniques can
be architectural techniques, however their implementadiiffers slightly from the design-time
architectural resolution techniques discussed in Se&iBnThe subtle difference is in the man-
ner in which both technigues resolve interactions. ThegBan-based architectural techniques
impose a resolution to possible interactions, while desigre architectural techniques are em-
ployed to find a resolution only after detecting an intexacttiin the above example, the serialized
architecture is a prevention approach that prevents théf@station of feature interactions. The
prevention techniques may require information gatherenhfresolution strategies, such as the
correct priority orderings for the features, to define ccirsystem behaviour.

3.4.1 Distributed Feature Composition

Distributed Feature Composition (DFC) [27] is a pipe-anigfistyle architecture that supports
modular feature development and composition. Each feasudefined independently and is
implemented as a feature box. A call is represented as aséfieature boxes that communicate
through signal channels. When a signal is issued, it pabsesgh each feature box in the call
path; a feature box may choose to react to a received sigtaigmore it and pass it along to its
neighbouring feature box.

When a feature box reacts to a signal, the behaviour of thtersys modified. The feature
box may choose not to send the signal any further along tHepati, which prevents other
feature boxes from reacting to the signal. The feature box chaose to perform an action, or
to send out a new signal to modify the system’s behaviourceSeach feature is implemented
independently and the feature boxes are composed sedlyeittis easy to modify the set of
features that are involved in a call.

DFC call and switch call protocols [27] are used to force desd into a specific configura-
tion, which determines the resolution to interactions. D&Capable of resolving most of the
following types of interactions: shared-variable intéi@es, since only one feature can respond
to a particular signal at a time and thus there is little cleaofcconflict when assigning values
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to the databaseconstraint-violation interactions, where one featuaties a restriction placed

by another feature; global-invariant interactions whére global invariant represents a property
that should hold throughout the system; data-modificatieractions where the execution of
one feature changes a shared variable value so that anetiterd cannot execute; resource-
contention interactions, where multiple features canretete at the same time due to a limited
number of system resources; reachability interactiongrev/fieature execution reaches a loop
or call state where no further progress can be made to edtadblcall connection; and a small

number of other types of feature interactions (i.e., usattfre interactions and race conditions).

There are several advantages to the DFC architecture. iNearlcalls (e.g., multiple-party
calls, feature-initiated calls) can be handled and remteseeasily in DFC. The composition
of features keeps a clear separation between feature-defeteaviour and feature composi-
tion. Individual feature behaviours and interactions lestmwfeatures can often be analyzed using
model-checking techniques, although race-condition used/feature interactions cannot be eas-
ily represented or detected during analysis. Jackson anel @sed SPIN to test for interactions
between protocols for the caller/callee and the DFC switdibggols [27]. Hall used a modular,
abstract formalism, which was inspired by Jackson and Zavetk [27], to detect email feature
interactions [25].

3.4.2 AIN

The Advanced Intelligent Network (AIN) architecture waseleped by Bell Communications
Research as an architecture that separates service logidlfie plain old telephone switching.
AIN has become recognized as an industry standard in Nortlerfsay, and the International
Telecommunications Union (ITU) has created an equivalesitigecture in other countries. Re-
moving the service logic from the switching software hasva#id new features and services to
be added to the system without costly redesigns to the swigctetwork. This has also allowed
for vendor independence, as service providers can now addervices easily and offer their
customers more choices, thereby increasing competition.

Researchers [12, 5, 11] have studied various aspects okttaré-interaction problem in
the context of the AIN architecture. Cameron et al. [12] tgdaa formal model of the AIN
architecture and used it to analyze and manage featurexatiens in the AIN environment.
Blumenthal et al. used AIN as the base architecture in teaiure-interaction tool [5]. Cameron
et al. have also developed tools for use in creating AIN ses/[11].

1The feature’s local data is not shared, so the risk only acedren multiple features override the same data
inside the shared database. However, much of this datatigéespecific and thus, simultaneous updates should not
occur.
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3.4.3 SIP

Session Initiation Protocol (SIP) is the Internet EngimegeiTask Force (IETF) protocol for
Internet telephony, which runs as an end-to-end, clientessignalling protocol. SIP is designed
to be easily programmable so that features and arbitramycesrcan be added and combined.
This ease of implementation also means that users haveitty tmlcustomize features to match
their needs (for more details see [32] or [42]).

SIP was designed to work as the basic protocol for signalfirigternet telephony. SIP is a
flexible signalling protocol that initiates, manages, agnininates voice and video connections.
SIP can be extended to manage and resolve feature interaci@used by signalling ambigu-
ity. For example, both Call Waiting and Three Way Callingditenally respond to the same
flashhooksignal; however, using feature-specific signalling in SiBvpnts this problem from
occurring. This ability is a prevention-based approacthé&feature-interaction problem.

There are other aspects to SIP that also need to be considaeokdas new feature interactions
that have emerged with the creation of Internet telephony.ekample, there are trust issues in
Internet Telephony because it is easy to change the “nunalsedciated with a call. This creates
an unexpected interaction with Call Screening, since #asure cannot work as effectively as it
does on the land-line telephones. Design rules, which atepa feature interaction resolution
strategy, are being created so that SIP features can benddsigd implemented with minimal
feature interactions. For example, new SIP standards ang developed to define parameters
that can be used to resolve feature interactions [34].

3.5 Resolution

Resolutiontechniques determine an acceptable integrated behavioar $et of interacting
features. After a feature interaction is detected, it stitel resolved to ensure proper working of
the system. There are many issues involved in determinmfeist resolution for an interaction.
Should one feature prevent the execution of another? SHeatdres try to work together? Is
there one correct resolution or will different customerswaifferent resolutions? Should the
resolution be determined by the situation in which the ext@on occurred? Researchers working
on the feature-interaction problem have been trying tordetee solutions for this complicated
problem.

There is also the question of when resolution should ocdatically or at run-time? Static
resolution is a pre-determined solution that is usuallylkarded into the software. This means
that feature interactions are automatically resolvedabse the software has been designed to
implement the resolution of interactions in a specific manfke major limitation of static res-
olution is that the customers are forced to accept a speesmution determined by the vendor,
thereby making it harder for the customer to personalizefeatures should work together. An-
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other limitation is development time: each new feature thadded to the system needs to be
tested against all of the existing features for interastion

In contrast, detecting and resolving feature interactaaman-time means that the system must
constantly test a call’'s progress to prevent interactignsebolving them before they can occur.
This constant testing can affect performance. For exantpége may be an increased delay
between the time a connection request is sent by a callethartthte it is received by the callee.
In addition, the system may not be able to detect and resdlirgexractions at run-time.

Most of the resolution strategies below can be appliedcstiiyior at run-time. It is also possi-
ble to incorporate a combination of static and run-time rod#hto create yet another resolution
strategy. Below we alphabetically explore a selection tiédent resolution strategies.

3.5.1 Agent-Based Architecture Detection and Resolution

In agent-based architecturesfeatures are represented as agents and these agents &e mon
tored so that feature interactions can be detected and/egsdbeveral agent-based architectural
environments and languages have been proposed to comif@athes-interaction problem, such
as Multi-Agent Architecture for Networking ApplicationMANA) [51] and Cognitive Agents
Specification Language (CASL) [45].

In general, an agent-based environment defines an archaéstyle in which each feature
unit is represented as a separate agent. These agentsate abnmunicate, either directly or
indirectly, with other agents. In the feature-interactdmmain, each feature is represented by a
different agent. It is possible for a feature to be repre=gbly more than one agent. Each agent
knows what the “goal” of the feature is: that is, what the fieatwants to achieve when it is
active. The agent also knows how to perform the actions redudy the active feature or is able
to command subordinate agents to perform them.

When a feature is activated, it informs other features (tghovarious methods, such as the
use of a blackboard [8]) of its intention to act by assertimg goals it wants to achieve. If a
new goal violates an already asserted goal, then a featteeation is detected. Agent-based
systems are best able to detect constraint-violationaotems. Other types of interactions, such
as shared-variable interactions and resource-contemtieractions, may also be detected if a
feature’s goals include descriptions of variable modifara and a list of resources required for
execution.

Once an interaction has been detected, the agents thatlpbsteonflicting goals use a form
of negotiation to resolve the interaction. The essentialgof the features are used as the basis
for finding an acceptable resolution for all features inealvFor example, MANA uses off-line
analysis of resources to prepare for negotiation over regseconstraint interactions [51]. As
another example, a mediator can work with conflicting agentietermine a resolution [23].
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3.5.2 Fuzzy Logic

Fuzzy logicis a logic system that allows truth values of properties tanbgrecise. Fuzzy
logic is used in systems where the input data are continuonature, and need to be translated
into discrete values for use in calculations. Each progsmxpressed as a degree of truthfulness
or falsity, represented as a value between 0 (completedg¥aind 1 (absolutely true). Fuzzy
logic has three defined operatoasid, or andnot. The definition oiot(x) is accepted to be (1 -
truth value(x)); however, the definitions of the other tweagiors are often modified to suit the
needs of the researcher. Commorlgd(x,y) is defined as the minimum truth-value of x and vy,
andor(x,y) is defined as the maximum truth-value of x and y.

Fuzzy logic has been widely used in artificial intelligencedpresent systems that use vague
or imprecise knowledge, such as linguistic approximatiod expert systems [7]. See [7] for
more details, including a brief history of fuzzy systemsaaib tutorial, and a small analysis of
the advantages and disadvantages of fuzzy systems.

Fuzzy logic has been applied to feature interactions as ansnfeat determining the most
appropriate solution to a given conflict. For example, weaghpriorities in the form of fuzzy
policies can be used to resolve feature interactions [3].ad&xample, consider the situation
where the caller has a Do Not Forward value of 0.5 and theecéiées a Call Forward feature
with a value of 0.9. When these two features interact, theicébrwarded since Call Forward
has a higher truth-value.

3.5.3 Negotiation

Negotiationis a run-time resolution technique that resolves featusractions by negotiating
a resolution that will best satisfy all features involvechefe are three types of negotiation that
can be used: direct, indirect, and arbitration.

Direct negotiation occurs directly between the features involved. The featymgress
through a series of proposals and counter-proposals untidgaeement is reachedndirect
negotiation occurs between the involved features and a mediator. Theatoegasses proposals
and counter-proposals back and forth between the featBydseing in command of this transfer
of information, the mediator is able to ensure that progiebging made in the negotiation. All
of the features and the mediator are able to suggest a nesotatthe conflict. Inarbitration
negotiation, the features inform the mediator of their intentions arerttediator then becomes
responsible for determining a resolution to the conflict.

When indirect or arbitration negotiation is used, the midiean be specialized so that it has
experience with the type of conflict that is being resolvelde Mmediators can learn the best way
to resolve specific interactions from past negotiationd,@n subsequently reach an acceptable
resolution quickly.
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Griffeth and Velthuijsen [23] use agents to represent tleeusf a telecommunications system;
these same agents are also responsible for negotiatinglatres when interactions between the
users’ features occur. Agents identify the goals of theuiest, and the negotiation mechanism
uses the goal hierarchy to determine which proposals aeptaile and which are unaccept-
able. For example, a basic goal is to form a call between theusers, which is represented as
call(z,y). The goal hierarchary identifies the different ways in whitis goal can be reached.
For example, aall(z,y) is formed if there is a connection between the end-devidasing to
the users, which may or may not require a pass-key to conheatders, such thatli(z,y)
is satisfied ifconnect(z, s, y, t) or keyConnect(z, s, y,t). By exploring the different options in
the goal hierarchy, the negotiation mechanism is able tatityeand propose different possible
resolutions to feature interactions.

3.5.4 Priority Schemes

A priority scheme resolves feature interactions by using priority valuesgaesl to each fea-
ture to resolve conflicts between competing features that @@ant to react to the call situation.
In its most basic form, when a feature interaction is detkdtee feature with the highest prior-
ity is chosen for execution. We begin this section by explpigeneral approaches to applying
priority schemes as a resolution technique and then expldual priority schemes implemented
by other researchers. We discuss other related work, imguapproaches to determine priority
orderings, in the final section of this chapter.

There are several possible implementations for a feahiegaction resolution priority scheme.
For example, we can use the basic priority scheme descriimeawhere priority values are de-
termined by the creators of the features and are enforcédadhaby the system. This method
uses the priority values of the features, which are sharealltlsubscribers to the features, and
may result in feature-interaction problems when the pyoralues of features from one vendor
do not work when combined with the priority values assigrei@atures designed by a competi-
tor.

Other methods use a priority scheme to resolve interactubies the initial resolution strategy
fails. For example, in [48], the initial resolution strayegounts the number of conflicts each
feature has and chooses the feature with the smallest nushbenflicts for execution. If there
is a tie for the least number of conflicts, then feature piiegiare used to break the tie.

A priority-based resolution strategy is both easy to untdexsand implement once the prior-
ities have been determined. However, difficulties can axisen trying to determine the correct
priority value to assign to a feature. If the value is incotiye assigned, then the resolution
determined by the algorithm will not be acceptable to custien

Priority-based resolution schemes can be applied at nilBpels. Below, we discuss strate-
gies that are the result of architectural design decisiodssahemes used during the design and
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implementation stages to resolve feature interactions.

Architectural approaches to the feature-interaction l@mkinvolve using the structure of the
underlying service as a method to reduce the number of faiteractions. In some situations,
these architectures are designed to work in combinatiadmavgriority-based resolution scheme.
One such architectural approach is AT&T’s Distributed BeatComposition (DFC) architecture
for telephony systems [27]. DFC serializes features in a4aipd-filter style architecture, where
features are added one-by-one to a call attempt. Each pi@atires is considered to determine
whether or not a feature interaction exists. If both ordggigenerate the same behaviour, then no
feature interaction exists between the pair of features#thdr ordering is acceptable. However,
when the two orderings result in different behaviour, aeriattion is identified and the feature
designer must determine the correct ordering for this fegpair and assign priority values to
the features accordingly. As another example, Zibman gb64l.use precedence rules together
with an agent-based architecture to resolve interactiengyupriorities. This architecture dis-
tinguishes between various roles within the telephonyesgstFor example, a user is separate
from his end device: multiple users (e.g., family, techhgtgport groups) can access the same
end device, and a single user may access several end de¥igeshbme phone, work phone,
cell phone). This rule-based architecture is combined wiphocessing model that monitors for
feature interactions that occur as violations of featurgeovice assumptions (e.g., new hardware
services remove the need for existing assumptions) or dude@onfusion. Feature interactions
are detected and resolved through the use of precedensebgulgetermining which events or
messages have priority.

In design-stage approaches to feature-interaction detecésearchers use various techniques
to identify feature interactions and then use feature pigsrto resolve these interactions. Naka-
mure and Tsuboi [38] use a frame model, which is a theory tbes data structures to represent
and construct knowledge about features during the desagye stor the purposes of detecting and
eliminating feature interactions. In this work, each featis expressed as a frame that contains
slots that hold (or will hold) values relating to attributesg., source and target address) about
that feature and call. The modelled features are then coedp@malyzed, and evaluated with
respect to three types of feature interactioagclusive interactions which are equivalent to
shared-variable interactions; acdnnective and recursive interactionswhich are both similar
to data-modification interactions where a variable assgrtngauses the execution of another
feature or modifies the expected output of an already exggtature, respectively. When an
interaction is found, the feature designer is prompteditieate the interaction by choosing the
most appropriate ordering and the system stores this enla#i a feature priority to be enforced.

As another example, Harada et al. [26] define features ineéhdce description language
Standard Transition Rule (STR). In this work, a feature thads not depend on the target sys-
tem behaviour is described from the user’s viewpoint, st tthe feature is modelled as both a
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description rule and a set of implementations that desstibefeature’s behaviour. A feature in-
teraction (aka service interaction) is detected betweeaairaopfeatures if the applicable actions
and conditions that form the implementation of the feagib&haviour results in transitions, one
for each feature, that contradict each other (i.e., theypatie able to execute but have conflicting
results). When a feature interaction is detected, the desig asked to verify the interaction,

at which point the designer can prioritize the conflictirggitions, or use another technique to
resolve the interaction.

Kawauchi and Ohta [29] also used STR when they created a mischdor three-way in-
teractions and proposed a detection system to identifyfeanteractions among sets of three
features. The authors analyze cases of three-way intengotthere two of the three features do
interact, but this interaction is not apparent until thedtieature is added (e.g., some function-
ality of the two interacting features is blocked unless adtliéature is present). The features
are modelled as a set of three rules: application rules,wdhétine the event and pre-conditions
necessary to trigger this feature’s functionality; presm@drules, which are used to determine
the feature that is executed when multiple applicationsrale satisfied; and state change rules,
which simulate the execution of the feature. This approass yrioritization in two ways: all
feature pairs are assumed to be correctly ordered via atgriwdering, and the precedence rules
give different features priority when determining exeounti

Thistle et al. [47] also use prioritization in their work ampgrvisory control theory, where the
supervisors are composed together to form the behaviobedafitstem by controlling the actions
of features. In this work, the authors add a reporter mapdatipervisory control theory, which
acts as a filter to erase event streams that are observed bypkevisor: the erased or filtered
event is not disabled within the supervisor. When the supers are joined, the reporter maps
are placed between the source of events and the supervismh wffectively weakens each
supervisor’s control of its feature, because the erasentevenot passed through the reporter
map to the supervisor. Consequently, some supervisorshwebuld have reacted to the event do
not notify the controller, are not considered when the adlgr makes its decision as to which
supervisor will respond to the event. Thus, the reporter capimpose a priority ordering
between the supervisors with respect to events.

As a final example, Utas [49] proposes the use of patternseotifg and resolve feature
interactions during the implementation stage. Each pategresents a set of similar interactions.
Once the interaction is detected and resolved for a patieeridentified resolution is applied to
all other feature sets in which a feature interaction isctetkthat matches this pattern. Some of
the patterns use feature priorities to resolve interastion
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3.5.5 Rollback

Rollback is a run-time resolution strategy that allows features towhenever they are trig-
gered; when an interaction is detected, the rollback praeeceverses or “rolls back” the call to
a state before the interaction first occurred and then usetuteon to determine a proper course
of action for the system and the interacting features to ted. The concept of rollback is bor-
rowed from transaction-processing theory, and is bestegpi systems where the occurrence
of a feature interaction is rare.

Marples and Magill use a Feature Interaction Manager (Fivijponitor and control the roll-
back of features [36]. Each execution step in their systegmisavith an event being passed to a
stable state; the features are then able to react to the @verhe system moves into an unstable
state. Features continue to react to the event or the adtiggsred by the event until either there
are no more features willing to react to the event and theesyséturns to a stable state, or until
a loop is detected. In this work, a feature interaction cg@nd is detected whenever multiple
features react to a single stimulus. When an interactioatisaed, the FIM rolls back the system
to the stable state immediately before the interaction wedu The FIM then generates a tree
of possible outcomes in response to the event that led toteeaction. The possible outcomes
are examined to determine the most appropriate resoluli@an appropriate resolution can be
determined automatically, then this is applied and theesygtroceeds. Otherwise, the user is
gueried to determine which resolution should be applied.

3.6 Related Work

This thesis focuses on using prioritization as part of alusm technique. This section
describes methods for determining priorities of a set aiuiess.

An intuitive way to determine feature-priority values isaitow users to determine the prior-
ity of each feature, and the system dynamically resolvesations according to the provided
priority scheme. User-defined priorities allow the user @gide how she would prefer feature
interactions to be resolved. There are different methodspecifying user-defined priorities.
One method is to assign a default set of feature prioritiesadiow each user to modify this set
as desired. Another method is to query the user the first timenainteraction is detected. The
user’s preference is then stored and used to resolve fubargr@nces of the same interaction.
However, this is not truly an option in feature-rich domaivisere there are a large number of
feature-interactions and where incorrect prioritizatdthe features could disable system func-
tionality. Hence, more systematic approaches are required

The technique introduced by Tsang and Magill in [48] is mdasely related to the approach
studied in this thesis. Tsang and Magill’s technique deiteesifeature priorities dynamically by
employing a run-time feature-interaction manager. Whenawvtrigger event that activates the
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feature’s main functionality is received, the featuresmattion manager analyzes the different
feature orderings to predict/detect whether an interaadsoabout to occur. If there exists a

feature ordering that does not result in any interactionen tthis ordering is chosen and the
features are prioritized accordingly. However, if all ig@ orderings result in an interaction,

then the ordering with the fewest number of constraint coisfiis chosen, with a static priority

scheme used to break ties. The notable differences betwssgTand Magill's technique and

our approach are:

e Tsang and Magill’s technique is designed to promotiesdure privacy (aka service pri-
vacy) [48]. The issue of feature privacy is a concept thategrin Internet telephony, in
which users can subscribe to features from multiple semrogiders and expect these
features to work together. Service providers want to keep‘itmer” workings of their
features private, making it difficult to analyze featuresiaictions between features created
by different companies. To accommodate feature privagndsnd Magill designed their
technique to work solely on observable feature behavioline feature interaction man-
ager detects all feature interactions by considering topgaties that define the feature’s
observable behaviour (e.g., generated output signalsemmiirce states, such as connec-
tion status and ring state). If the predicted behaviourategifrom an individual feature’s
expected behaviour, then a feature interaction is foundlénthis decision allows integra-
tion of features from multiple vendors, it also limits the#g of interactions that Tsang
and Magill can identify during runtime analysis. For exagplsang and Magill's de-
tection algorithm cannot detect when a feature inapprtgdyiaecords or stores data, as
this is a private event known only to the feature. Our apgdiadiows a limited degree of
feature privacy in that all vendors must categorize theitufees using the same set of cat-
egories. However, we do not require specification or implaiaten details to determine
prioritization of the categories, since our categoriesaarebstract representation of the
features found within the category. Our approach fails kewafor feature privacy, in our
assumption that features will be modular and designed wipegific purpose, such that
more complex features will be separated into multiple featnodules that are ordered
independently, but work together through feature-spesifjpalling.

e Tsang and Magill's technique was only tested on feature (feéi$ most size four, while
our categorization approach is capable of ordering mudetasets.

Cattrall etal. [13] present a call-processing model thdesigned to avoid feature interactions.
A call is broken down into different roles and subroles iesichich features are applied. A role

2When ordering features internal to a category, the desigaerchoose whether or not to accommodate for
feature privacy, a decision at this level not to respectuieaprivacy will negate the ability to allow for feature
privacy at the category level.
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represents a user, a group of users, or, even more speyjfitalllife-role of a user (e.g., work
role, family role, team captain role); and a subrole reprsthe distribution of a call (e.g., the
end device used, a specific user within a group). The relgstiiproetween the roles and subroles
automatically define a priority ordering that allows cateatpts to better satisfy user intentions
by distinguishing between network users and their equipithen redirect this call to mepleA,

at my new locationsubrole B). By redesigning the call architecture, to separate users énd
devices, some interactions can be avoided as roles andlssilassert their priority to control
the call and the features executed during the call attempts doncept of roles and subroles
is closely related to the Ideal Address Translation priles52] that we use in this thesis to
combine different address zones as the call attempt preggehrough different user feature
sets, either through normal call progress or via a call estiion.

Elfe et al. [18] determine feature priorities as part of thtection and resolution algorithm,
which tests for constraint violations. Pairs of featurestasted, and when a constraint violation
is found, the feature ordering is reversed and retestedhelbtternate ordering does not result
in a violation, this ordering is selected and the feature aprioritized accordingly. When
both feature orderings cause constraint violations, tlcesam is referred to the feature designer
who is asked to choose the correct ordering. We use a sinpfailoach when implementing
our pairwise optimization techniques. We begin our pripaiion of feature categories by first
testing pairs of feature categories to detect principléations. If a principle violation is found
with respect to both orderings of the pair, we choose therorgevith the fewest number of
violations as the correct ordering. The results of the pagwomparison are used to reduce the
number of full-sized feature category orderings that neduktexplored.

Another example of a prioritization technique is Chen & H5] work on supervisory control
theory, which uses functions to dynamically determine diglaordering among supervisors
to prevent blocking. The authors consider modular feateneldpment and represent feature
requirements as finite state machines, where the supesvi@oeach feature are composed to
form the system. A priority function is associated with eautividual supervisor and is used to
control the actions of the supervisor in case of interastidiis scheme is called modular control
with priorities. After introducing this scheme, the authalescribe four algorithms that can be
used to assign priority values to the supervisors’ pridutyctions. The first two algorithms are
for mixed priority functions that are designed to preveiiching in live-lock free systems (i.e.,
the execution can always reach a stable state) betweervgguer The first algorithm is iterative
and uses a cost function, based on the sum of the cost valugs altrace to a stable state, to
determine priorities between blocking entities by chogdsire trace with the minimum cost. The
second algorithm is non-iterative, and works by identifydeadlock states and assigns priority
values to events that will resolve the deadlock. The lastdlgorithms focus on designing the
priority function to reflect the dominant supervisor. Thafgorithms differ in their assumptions
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on whether or not the state space of the supervisors is the.sémboth cases, the priorities
are assigned so that the dominant supervisor has prioréy ttve other supervisor whenever a
conflict occurs.

The techniques described here for prioritizing features lma used in conjunction with our
approach to determine the priorities for intra-categotdees. While these techniques face
several limitations, such as testing only pairs of feat(it&s 15] and resolving only a limited
class of feature interactions (e.g., those relating tokigrand redirection) [13], the biggest
limitation is the high cost of calculating priorities forargje set of features.

3.7 Summary of the Feature-Interaction Problem

The feature-interaction problem is a difficult issue faageteature-rich domains, such as tele-
phony. Researchers have spent decades working on diffgenbaches (e.g., filtering, detec-
tion, prevention, resolution) to minimize this problem.efé are three places where interactions
can be dealt with: at the features’ design stage, in thestrirature that deploys the features, or
during feature execution. These three places correspapeéctvely to detecting and resolving
feature interactions in the design stage, in the codingest@gat run-time.

During any stage of development, prevention (avoidancé)@sbest strategy for resolving
conflicts. Prevention reduces the number of conflicts thatamur, and hence decreases the
number of interactions that need to be found and correctesveMer, some interactions cannot
be avoided and must be both detected and resolved for thensystwork correctly. Specific
management methods, such as those described in SectioaaB3R5, can be used to detect
and/or resolve feature interactions that cannot be avoided

The feature interaction problem is a large problem that isgbstudied by many researchers
[6, 16, 17, 30, 9, 43].

When new telecommunication [features] are introducedjghahe additional ser-
vice design itself is not particularly difficult, designitige [feature] interactions be-
tween existing [features] and the additional [feature]ugeydifficult. [26]

Researchers agree that the feature interaction problelwmplex and may never be fully re-
solved, however there is a definite need to find better mettooshgnage this problem.

As we discussed in Section 3.5.4, using a set of prioritieadlires to resolve detected feature
interactions is a common technique [15] and the importaficketermining a priority ordering
is reflected by the variety of feature interaction approadhat use prioritization of features as
part of their approach. These approaches use prioritizédigrevent interactions, to automati-
cally resolve detected interactions, or as a back-up plaalfernate resolution techniques. The
priority ordering determined through the approach presgeint this thesis can be used as either a
precedence or priority ordering. When the generated ardesiused as a precedence ordering,
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it determines the order in which the features should be egplHowever, when the ordering is
used as a priority ordering, it determines which of the cotiflg features should be chosen for
execution at this instance but not how the features behatlrere$pect to each other in other
circumstances. Throughout the remainder of this thesisyilVeefer to the generated ordering

as a priority ordering, although it works equally well as agadence ordering.

The determination of the priorities is itself a difficult andstly task. As shown in Section
3.6, most existing prioritization strategies are limitadheir ability to fully order a set of fea-
tures with respect to the full range of interactions that @aecur in the system. The approaches
discussed [15, 13, 48] are all limited in the types of intéoas that are considered when prior-
itizing features. In [48], no interactions can be detectddting to unobservable actions, hence
no interactions related to data recorded by the featuresargidered, while in [15] only inter-
actions that can lead to a blocking or deadlock states arsidened. Cattrall et al.’s work [13]
only prioritizes roles and subroles (aka address zonesylaes not prioritize features within a
role or subrole.

Furthermore, the existing approaches are limited by stg the size of the feature sets being
tested or by the high cost involved in calculating the residt large feature sets. For example,
the approach in [48] is limited to comparing features set ofiost size four, while the approach
in [18] is limited to comparing pairs of features. The it@ératalgorithms in [15] are able to
handle larger feature sets, however the amount of work redincreases with respect to both the
number of features and the number of blocking entities tkiat ehen the features are combined.
Although the cost of this algorithm may not be as high as thditional cost of prioritizing
features, it can become very highly in situations that havgd numbers of both features and
blocking entities. Thus, a more complete approach is netmpdoritize features with respect
to different types of feature interactions and this appihagtwould significantly reduce the cost of
prioritizing the features. The approach presented in tisit is designed to significantly reduce
the cost to determine a priority ordering among featurek vaspect to a wide variety of types
of feature interactions.
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Chapter 4

Prioritization Using Categories and
Principles

Our work stems from the hypothesis that classifying featur® categories and prioritizing these
categories can decompose the feature prioritization probIThe prioritized categories provide
worked-out resolutions to interactions between featurdisa different categories. This approach
decomposes the prioritization task into the following stegefining the categories, categorizing
the features, prioritizing the categories, and deterngidach feature’s intra-category priority
with respect to other features in the same category. In daldetermine the correct priority
ordering between categories, it is necessary to find a seiraliples of proper system behaviour
that can be used to resolve interactions.

The creation of the categories and the categorization df ésatture is a manual and time-
consuming process that requires a linear amount of manul with respect to the number of
features, as each feature is either added to an existingagter spawns the creation of a new
category. Guidelines for the creation of the categoriegamn in Section 4.1; these guidelines
help reduce the effort required by the category designeallgl the number of categories is far
fewer than the number of features, and there is a logaritmonicber of categories with respect
to the number of features. The creation of principles fompprosystem behaviour, which are
used to determine acceptable category orderings, is alstwivial because the principles must
not overly constrain the system and must hold regardlessimhideatures are in the system. The
creation of the principles also requires a linear amountariunal work with respect to the number
of categories, since each of the categories is examinedtéondi@e if a principle(s) should be
constructed to reflect any properties that must hold trugHercategory. The work required
to prioritize the categories is factorial with respect te ttumber of categories; however, if the
number of categories is small enough, it is possible to aatmally generate the priorities using
the set of identified categories and principles. Priontzihe intra-category features remains a
task that must be performed by the system designer usingreitiother interaction detection
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resolution technique or by manual analysis. The cost to coenptra-category priorities within
each category is factorial with respect to the number ofutestin the category. However, the
size of the problem is reduced from that of prioritizing ahfures. The combined result is
an adequate ordering of features that adheres to prinapleoper system behaviour and that
serves as input to priority-based resolution strategies) as those described in Section 3.6.

The category-based approach to prioritizing featuresaesithe problem of prioritizing fea-
tures as long as 1) the number of categories is significantbllsr than the number of features
and 2) the features are roughly distributed among the caesgdPreliminary analysis indicates
that this relationship holds among telephony features: werevable to group over 350 features
into 14 distinct categories. As previously mentioned, tiaisk has been evaluated only on fea-
tures in the telephony domain and, as a result, all categand principles identified in this work
relate to telephony services that are typically providecetadental clients.

The remainder of this chapter is organized as follows. 8ectil explores the different fea-
ture categories in the telephony domain. Section 4.2 itlestihe different principles of proper
system behaviour found within the telephony domain. Sactic8 shows how the principles
identify and resolve interactions that exist between featin different categories. In Section
4.4, we prove that our categorization approach holds wipeet to features found within the
categories. Section 4.5 shows the results of our manuaysisdb generate the prioritized or-
dering of the categories with respect to the principles oppr system behaviour; this analysis
is used to verify the automatically generated category rorge output by our Prolog model,
which is described in the next chapter. Finally, in Sectidd #ve show how our categorization
approach can be merged with Address Translation propextidsprove that the results satisfy
the combined set of principles.

4.1 Classification of Features

This section presents the results of categorizing featuitbéé the telephony domain. Features
are categorized by their goals and essential function&lifgature’sgoalsare its user- or service-
provider-defined objectives. A featurdimctionality is its behaviour, which is performed while
attempting to realize its goals. We do not claim that our pemal feature categories are complete
or that they generalize to other domains. This work merebluates, within the telephony
domain, whether telephone features can be effectivelyoaized.

We employ a simple set of guidelines when creating featuegoaies:

1. Each category should represent a single core functign@hus, a new category is created
whenever a feature has a core functionality that does noégpond to any of the existing

In both cases, the cost changes from factorial to exporiéfuiaa large collection of features), if all possible
subsets of categories and features are tested rather thapeategories and features.
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categories.

2. Once all features have been categorized using step omgotd of the features within
each category is examined. If multiple goals are found arndg$e goals may result in
conflicting advice about how to order the categories, thenctitegory should be further
decomposed into multiple categories. This step may be dereil after an initial analysis
of the original categories determined in the first step.

3. The resulting category set is checked by the designerdorerhigh cohesion among the
features within a category and low cohesion between femtardifferent categories. Usu-
ally, the application of the previous two steps will generatcategory set that adheres to
these conditions. However, this is in fact the most impdréep in the process, since these
conditions will effect the performance of this approach.

This final step is important because, when there is low cohdsttween the features within a
category, then the creation of a representation featurthioicategory will be difficult. Another
side effect is that a large number of feature interactiong beafound between the non-cohesive
category and other categories, if the interactions invohg a subset of concrete features in this
category. In such a case, our approach will find interacti@t&een categories that might not be
realized by the majority of concrete features from thosegates.

High cohesion between the features in different categamidisates that there are features in
different categories that perform similar functions, #fere, it is probable that these features
were designed knowing that they would interact with one la@iotAs these features are probably
designed to interact, our approach will likely identify aga number of interactions between
the categories, with each interaction placing more rdgiris on how the categories should be
ordered. The final interaction set may determine that onearerof the categories cannot be
“correctly” ordered with respect to another category. Tige of interaction , between similar
features, usually needs to be analyzed and resolved by arhexpart. In contrast, the goal of
our approach is to identify the unexpected interactionsdbaur between seemingly unrelated
categories (i.e., to identify interactions that could besed by a human expert), so that the expert
is free to focus on ordering features that were designedéoaat.

Below, we list the categories identified for the set of triadtial subscription-based features in
the telephony domain. We considered 352 features from &sesuthe feature interaction bench
mark [10], the second feature interaction contest [31],famth industry sources, such as Nortel
and 3Com [1, 39]. Each category name is followed by a head@ghadentifies the region in
which the features are active. At the end of each categormyriggisn, we list some of the more
commonly identified telephony features found in that categdhese features and others can
also be found in Appendix A, which contains the descriptioha variety of features sorted by
category.
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Alias: (source and target)

An Alias feature allows the user to employ an alias, such that diaitetbs are mapped
to network addresses and vice versa. For example, a codemraan®peed Dial code can
be dialled by the user and mapped to its corresponding nktaddress, which is used to
complete the callAlias features are found in both the source and target regione afath

In the source region, the subscriber dials a code and theréeadtrieves the corresponding
network address, possibly based on call-scenario desaith, as time of day. In the target
region, the inverse occurs: the feature performs a reveagping, translating the network
address of an incoming call to its corresponding alias, lias & then recorded and can be
accessed by other features. Features inAfliees category include Area Number Calling,
Parallel Dialling, Personal Directory, Sequential Diadjiand Speed Calling.

Authentication:(source and target)

An Authentication feature verifies whether the user is authorized to initi&tesoeive a
call passing through this address zone. For example, whetlex coutes an outgoing
call attempt through a remote address zone, a Remote Acagksmication feature can
prompt the caller for a password before allowing the callrtteethe remote address zone.
A feature found in th&ource Authentication category is Remote Access Authentication.

Billing: (source and target)

A Billing feature records the billing information for the subcallfrone address zone to
the next address zone — towards the callee. Alterna@dling features, like Collect Call,
may change which address is billed for each connection. ,Tdhaeurce address is billed
for redirecting the call to another source address (egn fiome to a work address), and
a target address is billed for forwarding the call to anotaeget address. The owner of
the last address in a call’'s source region pays for the caiomeftom the source region to
the target region.

SomeBilling features may change who is billed for a subcall. For exangppllect Call
(CC) feature reverses the charges incurred iBjlling feature. When CC is invoked, a
message is played on the voice channel requesting auttionza reverse the charges for
the cost of the subcall between the address zone contai@rgn@ the next address zone
(typically, this is the transition from a source address target address). The call will
not be completed unless authorization is received from délleec A Feature in thBilling
category is Collect Call.

Features in other categories may also charge for their useh gay-per-use features are
responsible for sending billing information to the billidgtabase directly. Because billing
is not their goal or functionality, these features are noistderedBilling features.
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Blocking: (source or target)

A Blocking feature prevents the completion of an outgoing (incomiradf)whose target
(source) address is found on the feature’s blocking listr é@ample, Originating Call
Screening aborts call attempts that originate from one@stibscriber’s source addresses,
and that are destined for a target address in the featuEkibly list. Another example is
Incoming Toll Restrictions, which prevents the subscrilbem receiving calls that result
in extra charges, such as long-distance toll charges.

Features found in thBlocking category include Incoming Toll Restrictions, Terminating
Call Screening, Originating Call Screening, Outgoing Fdstrictions, and Teen Line.
The first two features are active in the target, while the laste are active in the source
region.

Delegate{target only)

A Delegatefeature redirects an incoming call to an agent acting onubsaiber’s behalf
(e.g., voice mail services, secretary). Some features didl Forward Universal, delegate
immediately on receiving aetupsignal; others, like Voice Mail, delegate on receiving a
failure signal. The goal of Belegate feature is to redirect an incoming call to a delegate,
thus these features are active only in the target regionuFesain theDelegate category
include Call Forward, Call Transfer, Send Mail, and VoiceilMa

Disabling: (virtual category - source or target)

A Disabling feature stops another feature in this address zone froifgfits purpose.
For example, Cancel Call Waiting (CCW) allows the subscribéemporarily disable Call
Waiting (CW) for the duration of a call. Disabling feature is subscribed to as a separate
feature from the feature it disables, and while such a feabffers a distinct service, its
functionality is to “turn off” another feature. This funohality is most easily modelled by
extending the disabled feature’s module to respondfeature-specific-disablingignal.
Continuing our example, a user would be unlikely to subsctibCCW without also sub-
scribing to CW. By choosing to subscribe to both of theseuies, the user is assigned the
extended CW feature model, which reacts to an inconoim@isablesignal by disabling

its functionality for the duration of the call.

This extension of the feature module does not affect the maoith) between the cate-
gories, because the ability to disable a feature has noteffecther categories. However,
implementing theDisabling feature separately would not increase modularity, sinee th
two features are so tightly coupled. We acknowledge thdexie ofDisabling features
and recommend that these features be implemented as exterdithe feature module
that they disable. Henc®jsabling features form a virtual category that is not prioritized.
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Figure 4.1. This figure shows the howa  Multiplex feature behaves when a second incoming
call is received.

Features in th®isabling category include Cancel Call Waiting, Call Waiting Exengptd
Originating Call Screening Override.

Filter: (target only)

A Filter feature selectively blocks or redirects calls not meanttfercalle€’. For example,
aFilter feature may react to all incoming calls by offering the aadlenenu of options on
how to direct the call and then continuing, redirecting, ndiag the call according to
the caller’s responserFilter features are strictly target-region features, since tleagtr
only to incoming call attempts. Features in fRéer category include Automated Role
Identification.

Multiplex: (both source and target)

A Multiplex feature allows the subscriber to be involved in multipld cahnections si-
multaneously. For example, Conference Calling allows ipleltusers to be involved in

a single voice connectiorMultiplex features are bound features, meaning that each sub-
scriber has one static instance of eddutltiplex feature, and all of the subscriber’s calls
pass through this feature instance. This means that althaiyltiplex feature is found

in both the source and target region, it is implemented as@esfeature, and henddul-
tiplex is treated as a single category. This waylaltiplex feature is aware of all of the
subscriber’s calls and call attempts and can coordinatengriie calls as per their respec-
tive goals. Features in thdultiplex category include Call Waiting, Conference Calling,
and Three-way Calling.

When aMultiplex feature is active in a call path (i.e., a connection exist&’ben the Sub-
scriber and the feature) and it receives sleéupsignal of another call, it will not propagate

2The Blocking category dispenses with undesired calls, wherea&ittes category handles misdirected or to-
be-directed calls. As welFilter features may reveal information to help the caller compietecall and we do not
want this private information to be revealed to a callee wivall attempt will be blocked.
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the signal; instead, it passe$aature-specifisignal through the existing connection to the
subscriber as shown in Figure 4.1. For example, Call Waggmds a special notification
signal along the voice channel, rather than propagatingétepsignal along the tradi-
tional signal path. Consequently, features that lie on #ilepath between the subscriber
and theMultiplex features do not get re-instantiated for the new call atteangtwill not
receive signals (e.g., DFC signals) issued during theatnitns of a new call attempt.

Presentation(source and target)

A Presentationfeature presents information about the call to a user. Famgie, Call
Display will display information about an incoming call,csuas the caller’s alias or phone
number, on the end device. Features found inRhesentation category include Call
Display, Distinctive Ringing, and Group Ringing.

Redial: (source or target)

A Redial feature is used to place a call to a previously recorded addfEhe most basic
Redial feature places a call to the target (source) address ofsharnauccessful outgoing
(incoming) call attempt. For example, Automatic Call BagkCg) is used to reach an un-
available callee: ACB records the target address of theotnggeall. If the callee’s number

is busy, the caller can activate ACB and hang-up. Behind ¢tkaes, ACB continuously
checks the status of the callee’s number. When the calleenies available, ACB first

establishes a connection to the original caller and on agladgement completes the call
to the callee.

Redial features are also found in both the source and target re@lemepresent these fea-
tures as separate categories, one for each region, bebaysecord different information
depending on whether the call attempt is incoming or outgoiReatures in th&edial
category are Automatic Call Back (source) and Call Retiargét).

Redirect:(source or target)

A Redirect feature is used to route a call attempt through another addine in the same
region, without changing the intended participant of thé ¢athe source region, a caller
might do this to change the caller-identification inforrmatithat the callee sees, to bill
an outgoing call to a different source address, or to actéesfentures associated with a
different source address. For example, the Remote Accatigréeallows a caller at one
location to dial a special access code to link to a remoteesddrThe outgoing call will

appear as though it originated from the remote address allex will have access to any

features associated with the remote address, and the raddriess will be charged for the
call to the target address. In the target region, a calledtmaglirect the call attempt to

an alternate device, where the callee is currently locatdtken this redirection occurs, no
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other features, except billing which is linked to the Netkare added to the call path in
the current address zone.

Note that many telephony features currently serve as Detagate features andarget
Redirect features. For example, Call Forward features can redir@ctlleeither to the
callee at an alternate address or to a delegate. These lengdtigoose features (see Section
4.1.1) need to be decomposed into single “goal’-basedfeatodules.

Remote-Control Invokingfsource or target)

A Remote-Control Invoking feature allows the subscriber to invoke an unsubscribed fea
ture in the remote user’s address zone. For example, ther calh invoke the source
feature Call Waiting Originator (CWO) to give the callee wddhe feature Call Waiting
(CW) for the duration of the call. EadRemote-Control Invoking feature is implemented
as two feature modules: Remote-Control Invoking module, which is used to invoke
the feature, and Remote-Control Action module, which provides the service associated
with the Remote-Control Invoking feature. Features in tfieemote-Control Invoking
category include Busy Override, Call Waiting Originatoall®ickUp, and Malicious Call
Hold.

As shown in Figure 4.2, th&emote-Control Invoking module triggers the activation
of the remote user’s correspondifemote-Control Action module by issuing a sig-
nal, either a unique feature-specific triggering signal anadified setupsignal (e.g.,
setup(trigger) that triggers the feature’s functionality. When a modifstupsignal is
used and the call attempt reaches the appropriate positieRemote-Control Action
module is added to the call path. TRemote-Control Action module is positioned ac-
cording to normal placement in the feature ordering: thahisRemote-Control Action
feature is placed as if it were subscribed to by the remote use

Remote-Control Overridgsource or target)

A Remote-Control Override feature allows the caller to disable the functionality oéa-f
ture subscribed to by a remote user. These features areatlisbm Disabling features,
which override other features within their own address zoRer example, the source
feature Make Set Busy Override (MSBO) can override the teponnavailability of the
remote userjf the unavailability is due to the callee’s Make Set Busy (M3$&jture.
The MSBO feature reacts to the incomiagavailsignal by providing the caller with the
option to retry the call attempt using a modifiedtupsignal (e.g.,setup(MSBDisablg)
that would disable the callee’s MSB feature, so that the teraser's MSB feature would
have no effect on the incoming call attempt’s ability to te#lce remote user. This cat-
egory can be thought of as a combinationR#mote-Control Invoking and Disabling
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Figure 4.2. The top image shows an initial call attempt from u
C, user A receives an unavailsignal. At this point
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by giving Call Waiting (CW) to user
shown in the bottom image. The new call attempt is initialize
B’s address but is not subscribed to and is hence turned off. Wh en

that CW is found in user

ser A to user B, since user B

A and offers to retry the call attempt
B. User A selects this option and the new call attempt is

d with setup(CWEnableNote

this CW feature receives  setup(CWEnablejhe feature becomes active and User

the option to respond to CW and answer the incoming call from u
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features, where the remote command idisabling signal and the action module is an
extended feature module that responds to fedeure-specific-disablingignal. Hence,
eachRemote-Control Override feature is composed of two modulesRamote-Control
Override module, which sends thaisablesignal and &emote Control Disablemodule,
which disables the subscriber’s functionality. TRemote-Control Disable modules are
special-case disabling features, where the trigger sigisaint by a remote user rather than
by the subscriber. As witbisabling features, we recommend that the original feature
be redesigned to respond tdeature-specific-disablingignal that turns off the feature’s
functionality. Features in thRemote-Control Override category include Make Set Busy
Override, Call Display Blocking, and Terminating Call Sanéng Override.

Set Outcome(target only)

A Set Outcomefeature can assert the outcome of a call attempt by issuingnalson
behalf of the callee. For example, Make Set Busy intercelpis@ming setupsignals
and issues awnavail signal in response - regardless of the callee’s actual ssteet
Outcome features are active only in the target region, as they genémdure signals in
response to incoming call attempts. Features found ils#teOutcome category include
Make Set Busy and Do Not Disturb.

4.1.1 Multiple Purpose Features

The above categories describe the different types of goaistiich a feature can be designed.
However, it is possible that a feature may have several pagpand thereby fall into more than
one of our feature categories. For example, the Call Forwar8etup (CFS) feature falls into
both theDelegate and theTarget Redirect categories. CFS is designed to redirect the incoming
call attempt whenever setupsignal is received. However, the call attempt may be reticec
either to the subscriber at a new location or to a delegati®subscriber.

We recommend thalultiple Purpose features be decomposed into multiple feature modules,
one for each of the feature’s purposes. The modules’ impiatien may be the same, but the
system’s architecture or routing protocol would includerthat different points in a call. These
feature modules can be designed to work together and can coioate via feature-specific sig-
nals. In the above example, two CFS feature modules woulddated, CFS-S for call attempts
that are redirected to the subscriber, and CFS-D for caligits that are redirected to a delegate.

Alternatively, amultiple purpose feature can be placed in the feature category of the more
dominant purpose, as long as this placement does not vatgteategory-ordering restrictions
imposed by the feature’s other categories. For exampleg-fyea-use” features have two pur-
poses: to provide some service and to bill the subscribezdoh use of this service. The feature
module implements its billing functionality by sendinglbiformation directly to the billing
database, which does not violate any of the principles.
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4.2 Principles of Ideal Feature and System Behaviour in Telghony

We have identified a set qirinciples of proper system behaviourthat identify properties
that should hold for the system and for the set of featuregcaies, regardless of which fea-
ture categories are present. When taken together, thesgpbess help identify invalid feature
orderings and ensure desirable interactions betweenréeedtegories.

We have identified two types of principlesonstraint principles andcriterion principles.
Constraint principles are critical to proper system bebtaviand must hold to ensure proper
system functionality and often represent safety or liver@eperties in the domain. Criterion
principles reflect desirable system properties that shbold whenever possible and usually
desirable domain requirements. These principles are meditp hold within a single address
zone and to be feature independent (i.e., they hold regardfewhich categories are subscribed
to by that address zone).

Constraint Principles

Abortion: Calls made to (or from) numbers that appear on aaiiirer-defined blocking list for
outgoing (or incoming) calls should be aborted.

Authorization: When authentication is required, a useat&ntity must be verified before the
user can interact with any of his features. A call’s voicereextion between the end-users
is not fully formed until user authentication is complete.

Invoicing: For every address zoné, connected through the Network to another address zone,
B, the cost of the subcall from zonéto zoneB is charged to some user. Normally, the
owner of zoneA is billed for the cost of the subcall to zorig, unless some feature on
behalf of another address zone agrees to accept the charges.

Network: Whenever a call attempt reaches the Network'sfate module, which routes the
call attempt through the Network and to the next address irottie call path, the network
address of the next address zone is known. The Network dadshow how to route a
dialled code, such as “Mom”, and hence a code must be tradsiatto an address before
the call attempt reaches the Network for routing.

Criterion principles

Accessibility: All of the features associated with any addrzone in the call will be included
in every established call. Each end user expects that Hesefubf features are accessible
to her for the duration of the call.
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Concretization: Any source feature that makes decisionatatall progress should have access
to both the call’'s target address and any available aliasnmdition. Consider a feature that
blocks outgoing calls that incur long distance fees. If thatdire receives setupsignal
whose target address is a dialled code, then the featuretproperly determine whether
or not a long-distance fee will be incurred, since the nekveatdress is unknown.

Failure: Any feature that is triggered by the receipt dhdure signal (i.e.,unavail ringTO)
is positioned such that afhilure signals in this address zone of the call path will pass
through this feature before exiting the address zone. Fameie, the user’s Voice Mail
feature should be triggered by evaupavail signal that passes through its address zone,
even if theunavailsignal was generated by another feature, such as Make Sgt Bus

Logging: Information about all successful and non-sudcgsalls should be recorded, with the
exception of incoming call attempts that are blocked orangy redirected to a delegate.
Blocked calls are treated as if they never occurred, andmtistdelegated calls are treated
as if they do not involve the subscriber.

Personalization: Aliases should be used, when they eaiptasent user-related information to
subscribers in the target region. For example, a subsonbeld rather be notified of an
incoming call from “Mom” than be presented with the callerstwork address. Features
that record network addresses and that can subsequeniftdrgalls for the subscriber
should also record and use aliases, to take advantage oitiabtehanges to alias assign-
ments (e.g., redial “Mom”, so that redialling selects theect target address for “Mom”,
which may be dependent on the time of day).

Presentation: Only information about incoming calls tredah the subscriber’s end device
should be presented to the subscriber, and all calls thaehris® subscriber’'s end device
should be presented, when a presentation feature is sokddn. The subscriber should
not receive information about calls that have been blockethgtantly redirected to a
delegate.

In total, four constraint principles and six criterion priples were identified. We feel con-
fident that these principles identify the majority of theteys requirements due to the fact that
these principles correctly identify the majority of knoweatfure interactions, as discussed in re-
search papers presented in the Feature Interaction Warksloceedings [6, 16, 17, 30, 9, 43],
that occur within a single address zone. As mentioned alibesg principles apply to features
associated with a particular address. Thus, a subscribesevballs pass through more than
one source address might have multiple blocking lists, onedch source address; each of the
addresses is billed for the subcall to the next address; @nélaich of the end users, all of the
features associated with all of their addresses are indludthe call.
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4.3 Example Interactions

To illustrate how the given principles identify featuredrdctions between categories and in-
dicate ideal feature orderings, we examine two well knovweractions.

4.3.1 Three-Way Calling versus Personal Directory

The Multiplex feature Three-Way Calling (TWC) is used while in an existoadj to initiate
a new call to a third user and to include that third user in thieer connection of the original
call. TheAliasing feature Personal Directory (PD) supports aliasing of déathumbers. Due
to the Personalization principle, Aliasing features should lie betweéviultiplex features and
the Network. This placement allows a TWC subscriber to usB alRs when dialling a third
party: the PD feature will receive the dialled alias and $tate it into a network address before
the setupsignal reaches the Network.

4.3.2 Call Return versus Make Set Busy

The Redial feature Call Return is used to return the last incoming wvansd call. TheSet
Outcome feature Make Set Busy issues anavail signal to all incoming calls. Due to the
Personalization principle, Redial features are on the Network side®ét Outcome features,
so that Call Return is applied first and records the sourceeaddf the incoming call before
Make Set Busy intercepts tisetup signal and rejects the call. Hence, the callee is able torretu
the call.

4.4 Correctness of Prioritization Using Categories

This section considers the correctness of our categarizapproach: Are the concrete fea-
tures within the categories correctly ordered, with respedhe principles of proper system
behaviour, when compared against concrete features im o#ttegories. As previously men-
tioned, we do not consider feature interactions that ocetwéen source and target features in
the same call, since there are few principles that can iteliveaw these regions should behave
with respect to one another. To prove this correctnesgicnitewe start by defining terminology
and symbolic notation. Please note that some symbols agefioed in their traditional usage.

Definition 4.4.1. Generic Feature:

Each feature category,;, is represented by one or more generic featuyes, that
represent the functionality provided by that category. $hcategories will have a
single generic feature.) This generic feature can be coetbinith specific feature
data, d;, to cover all possible execution cases that could be peddrby a feature
in the category.
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Definition 4.4.2. Category Ordering:

A sequenceg;*, of feature categories,* = [C4, ..., C,], is applied such that each
feature is added to the call path, in order, from left to right outgoing (or from
right to left for incoming)setupsignals. The application of a feature category is
represented by apply its generic featufe;.

Definition 4.4.3. Call Scenario:

A call scenariogs, represents one of the many possible call paths that careset
a specific category ordering,*. For each feature category; € C*, the call sce-
nario consists of a generic featuyfe; that is associated with specific feature data,
(e.g., the caller’s call-screening list includeserT, or the callee’s Personal Direc-
tory feature maps the codeserC' to the numbewuserT). The symbol ¢” denotes
the composition of features in a DFC architecture.

cs = feyo fepo... 0 fe,, wherefe;(d;) € C;

We use the symbok” to indicate that a call scenariogs;, is one of the possible
call scenarios for a category ordering*. Thus, the following identifies all possible
call scenarios for a given category ordering:

Vk - csp, a CF

Definition 4.4.4. Call Simulation:

A call scenariogs, is simulated by sequentially generating a sequence ostadles,
CSy;CSs; ... CS,, that represent the intermediate stages of the talhe first call
stage,C'S1, represents the initial state of the system, and each sulesg¢qgall stage,
C'S;, represents the passing of signals and the execution ohantgature category.
A call simulation generates the call stages by executingtimeposition that defines
the call scenario, where the type of signal received affetisther the composition
is performed left to right (outgoing signal) or right to lgfhcoming signal). The
symbol “~” denotes the simulation of a call scenario, and the symhbldenotes
the concatenation of the call stages.

~cs =C81;C9;...;CS,

3The number of call stages corresponds to the number of f=aatded to the call path, as the addition of each
new feature generates a new call stage.
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We use the symbel to denote a test as to whether a call stage, is a stage in a
call scenario simulations- cs.

Definition 4.4.5. Principle Violation:

A principle, P, is violated in the simulation of a call scenaris, cs, if during the

simulation, the call attempt reaches a call stag&;;, where the properties of the
principle do not hold.

di - CS;e~es N CS; P

A principle P; in the set of all principle# is either a constraint or criterion princi-
ple, but not both.

VPje P - (Pje ConPrinV P; e CritPrin) A
ConPrin N CritPrin = ¢ A
ConPrin U CritPrin = P

Definition 4.4.6. Violation-Free Call Scenario:

A call scenariocs, is violation-free if the simulation of the call scenarioedonot
violate any of the principles.

Vi - CSZ'GNCS/\\V/PJ'EIP = CSZ':P]

Definition 4.4.7. Violation-Free Ordering:

A feature category ordering.,*, is violation free if there does not exist a call sce-
nario with this ordering that violates any of the principles

Vi-ecsiaC*= (Vi k - CS;€~es; N PpelP = CS;F B
Definition 4.4.8. Optimal Ordering:

A feature category ordering,*, is optimal, if (1) the ordering is violation free or
(2) the ordering violates no constraint principles and ains the smallest crite-
rion principle violation count, with respect to other pertations of the same set of
feature categories. The criterion principle violation eddor a category ordering
C* is determined by adding together the total number of diffetgpes of criterion
principle violations, which occur on every possible caksario for this ordering.
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Let cs; a C*: wherecs; is a call scenario that adheres to orderidg
perm(C*): is a permutation o’
Define count(C*), the criterion principle violation count, to be calculated follows:

count(C*) = Z (Fk - CSp e~es N CSLEP)?1:0

Ves a C*
V PeCritPrin

whereX 71 : 0 returnsl if X is true and otherwise returrns

C* is an optimal ordering if
1) C* is violation free, or
2) VC° € perm(C*) - count(C°) > count(C*)

Definition 4.4.9. Minimal Violation Principle Set:

If a feature category ordering(*, is an optimized ordering and is not violation
free, then some of the call scenaries; o C*, will violate one or more criterion
principles. The set of all principles that are violated ot is called MinVio(C*).

The above terminology and symbolic notation are used in dnectness property below and
in the correctness property found in Section 4.6.

Correctness Property 4.4.1.Correctness of Category Prioritization
Given the optimal ordering*, for a set of categories, any set of features taken from these
categories is also optimally resolved with respect to thagples used to derive'™.
Validation:
Assumption: This property uses the terminology defined aland is validated with respect
to a DFC-based architecture in which features are serialtlyposed, as defined in Chapter 2.
Contradiction is used to validate this property.

Let C* = 1[Cy,Cy,...,C,] be an optimized ordering of the categories

Assumed f* = [fi, fo,. .., fu] @ Sequence of features such that:
1) each concrete featurg, is found in category(;
Vi - fi € C;

2) the simulation of a call scenarias, with orderingf* violates principleP
csa f* N3y - CSje~es N CS;EP

From the definition of a call scenario, using features irsti#fdeature categories, we know that:
cs is associated with the feature dafafor each featuref; € f*

Therefore, we get:
Vi - fi(d)eCi N CieC* AN Fj - CS; e~es N CS; EP
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Next we construct a corresponding call scenarif,using the generic features for the categories
in the category ordering™. We select the generic featufe; that corresponds to the category
C; and select the feature dat#,that represents the same behavioufin asd; represented in
fi,» with respect to observable input and output results. Wherensider the simulation of this
new call scenario

~cs' =CS;C8Y; ... C8)

we see that it should generat&;, which violatespP.
Giventhat [, Cy, ..., C,]is an optimized ordering, we know that it is either a) viadatfree
or b) violates the minimum number of principles.

a) if C* is violation free, then by definition there does not exist bhs@enario that violates
any principle. Hence;s’ cannot violate” and we get a contradiction.

b) if C* violates the smallest number of criterion principles foy andering of these cate-
gories, then the principle P either is (case i) or is not (¢Bsee member of the minimal
violation principle set folC*.

i) P € MinVio(C*): The violation of principleP is deemed an acceptable solution
for resolving interactions in an overly constrained systdrat is, the violation of
this principle is known and accepted as correct behaviotinigisystem and hence
this ordering is optimal.

iy P ¢ MinVio(C*): This generates a contradiction, beca$és an optimized order-
ing of the categories. Thus, there does not exist a call sicetiet violates principle
PinC*.[

4.5 Manual Analysis Results

In Figure 4.3, we show the results of our priority orderindezture categories. In this section,
we begin with a brief overview of observations that we mad@duour analysis and then briefly
explain how each principle affects the placement of thegmates in the partial order. The partial
ordering generated during our manual analysis is used asfdaihe criteria for evaluating the
output of our Prolog model, which is described in Chapter 5.

The partial ordering shown in Figure 4.3 applies to both sewand target address zones.
Categories that combine both source and target featuregresented by rectangular boxes,
while source-only categories and target-only categoresepresented by circles and pentagons,
respectively.
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Shapes: pentagon: Target Features rectangle: Source &Target circles: Source Features
Legend: S X = Source Feature X T X = Target Feature X
Alias: Alias Auth: Autentication Bill: Bllling BLK:Blocking
DEL:Delegate FILT: Filter Multi: Multiplex Pres: Presentation

RCI: Remote Control Invoking RCO: Remote Control Override

RDL: Redial RDT: Redirect Set Out: Set Outcome

Figure 4.3. Partial Ordering of Feature Categories.

4.5.1 Observations

Initially, when designing the feature categories, we did distinguish between source and
target region features and we placed each feature in thgargtehat matched the functionality
or goal of the feature. However, during our manual analykithe categories, we discovered
that some categories behaved differently when simulateétidérsource or target region. As a
result of these differences, no acceptable ordering coaltbbnd for the categories, since the
placement of a category in the source region conflicted wighglacement of the category in
the target region. Thus, we decomposed some of the categotietwo categories representing
the source and target region features separately. We ats\a@ul, when this separation was
necessary, that the goals of the features in either regidrsbhtle differences. For example,
the Redirect category had to be separated, because features in thi®pateged to be among
the last features to execute in their active respectiveoresgiso that redirected calls include as
many of the other features categories as possible. Theesiffgrence in their goals is that the
source-region features are typically designed to add a lafyabstraction (e.g., route this call
from home through my work address, so that the callee onkyweek-related details) to the call
attempt, while the target-region features are focused cattilog the user at her current location,
usually by removing layers of abstraction.

Other feature categories that were decomposed based ab#as/ation wer&edial, Block-
ing and Authentication. Redial was decomposed because we felt that the purpose of these
features were subtly different in that source-region festallow the user to reattempt a failed
call attempt made by the subscriber, while the target-refgatures allow the user to return an
unsuccessful call attempt made by a third-party that faibecéach the user. The final results of
our analysis show that this separation was not necessdhgtithe placement of a singRedial
category would have been possible.
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Similarly, we represerBlocking features using two categories, one for each region, because
their goals are slightly different: a sour8ecking feature prevents the callee from making
certain calls (i.e., calls that incur a long distance chganghile a targetBlocking feature prevents
certain callees from reaching the subscriber. Again, als Rédial, this separation was found
not to be necessary in the final analysis.

Finally, theAuthentication category is separated into two categories, because thenpéant
of the Authentication feature should be such that user authentication is appkéaré other
categories can be accessed by the user. Thus, the sourcageidregion categories will be on
opposite ends of the category ordering. However, we sulesgijudeduced that the target-region
Authentication features should be implemented as part of the feature thaesahe call attempt
to redirect and look for the subscriber at an alternate iooasince no other features, except
Billing are added to the call path after a redirection occurs. ToeretheTarget Redirect
feature is the closest feature to the subscriber in its addzene and from this location, the
Target Redirect feature is able to act as a gate to the remainder of the feaitutlis address
zone with respect to signals issued by the callee. If theeetlid call requires that the callee
be authenticated, then this is an acceptable position intwioi validate the user’s identity once
the call is answered, since this location ensures auttegiic of the callee before the callee
is allowed access to any of the address zone’s other featlitess, Target Authentication is
implemented as part of thEarget Redirect category. Features found in tRedirect category
include Remote Access (source) and Call Forwarding (target

Another observation we made is that due to the possible peesef aMultiplex feature in
the call path, a user may be involved in multiple calls at thea time, and the user could be
considered both the caller and the callee at the same tinegeTdne, to ensure that all of a user’s
features are presentin a call, even when the caller/cabéesof the user changes after the initial
call path has been established, we incorporate all of asf@=&tures into every céll

4.5.2 Principles and Category Ordering Results

The following list briefly explains how the principles in Sien 4.2 effect the ordering of the
categories from Section 4.1. Thesymbol is used to indicate that the category on the left-hand
side should be placed on the subscriber’s side of the catégand on the right-hand side. Note
that when considering tHdultiplex category, it is necessary to consider whether or not the othe
categories are affected if tiMultiplex feature is alreadjnstantiated (i.e., in another call also
involving the subscriber), since features on the subscsilde ofMultiplex would not receive all
generated signals issued during this call attempt.

4Technically, we need to incorporate only those featuresdhalocated between the user and kheltiplex
category that is in the address zone closest to the netwodafth region.
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Abortion principle indicates the following orderings.

e Alias < Source Blocking: This ordering ensures that any call attempt placed to a
dialled code has been translated into the correspondivgonletaddress before the
call attempt reaches thgource Blocking features. This ensures that the call can
be properly continued or blocked based on the either théedialode or network
address.

e (Multiplex < Source Blocking), (Source Redial < Source Blocking): These or-
derings ensure that any feature that initiates a call attésnpositioned so that the
call attempt is always tested IBlocking features before the call attempt reaches the
Network.

e Source Blocking < Source Redirect: This ordering ensures that any outgoing call
attempt is appropriately blocked before a redirection totlagr source address can
occur.

¢ (Delegate < Target Blocking), (Filter < Target Blocking), (Target Redirect <
Target Blocking): These orderings ensure that any target category thaectslian
incoming call attempt is able to do so only if the call attemsptot blocked.

Accessibility principle indicates the following orderings.

e *All Other* Categories< Source Redirect: These orderings ensure that if an out-
going call is redirected, all of the features associateti wie current source address
will be included in the call path. Note th&All Other* Categories does not include
Billing, which is linked to the Network, but does include targetisadeatures (which
are included in all call paths sinddultiplex features allow the user to be both a caller
and a callee simultaneously).

e Target Redirect < *All Other* Categories: These ordering ensure that if an incom-
ing call is redirected, all of the features associated with ¢urrent target address
will be included in the call path. Note th&All Other* Categories does not include
Billing, which is linked to the Network and hence is part of that asslrzone, but
includes all other categories.

Authorization principle indicates the following orderings.

e Source Authentication < *All Other Source*: This ordering ensures that none of
the remaining source features are applied before the ¢alderthenticated.
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Concretization principle indicates the following orderings.

Alias < Source Blocking: This ordering ensures that all dialled codes for an outgo-
ing call attempt are translated before reacHfayirce Blocking, so that the call can
be aborted appropriately. This ordering also adheres télioetion principle.

Source Redial < Alias: This ordering ensures that all dialled codes for an outgoin
call attempt are recorded by tBeurce Redial, so that the call can be redialled using
the same dialled code.

Failure principle indicates the following orderings.

Set Outcome < Delegate: This ordering ensures that tii¥elegate features are
able to receive and respond to failure signals issued b$#t€@©utcome features.

Invoicing principle indicates the following orderings.

Billing < IM and is linked to the Network address zone: This orderinguess that
billing is always applied regardless of whether or not tHeisaedirected or proceeds
normally. One way to represent this is to place Biling category as a category
inside of the Network’s address zone.

Logging principle indicates the following orderings.

Target Redial < Target Blocking: If an incoming call is blocked, then no informa-
tion about the call attempt should be recorded.

Target Redial < Delegate: If a call is instantly delegated, then no information about
the call attempt should be recorded.

Target Redial < Filter: If a call is blocked or instantly delegated by the filter feat
then no information about the call attempt should be reabrde

Set Outcome < Target Redial: This ordering ensures thRedial can record infor-
mation about the incoming call attempt, even if the callratieis eventually unsuc-
cessful.

(Multiplex < Target Redial), (Multiplex < Source Redial): These orderings ensure
thatRedial features are able to record call information regardlesstdtier or not

a Multiplex feature is already instantiated. IMultiplex feature is instantiated and
the above orderings are reversed, then new signals, subk ssttipsignal, will not

be propagated pasted tNultiplex feature. Thus, features on the subscriber side of
Multiplex will not be able to respond to or be triggered by these signals
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Network principle indicates the following orderings.

e Multiplex < Alias: This ordering ensures that a dialled code can still be used t
initiate a call attempt, regardless of whether or ndutiplex feature is already in-
stantiated. If dMultiplex feature is instantiated and the above orderings are ralerse
then a new call initiated by ultiplex feature with an aliases target (provided by the
user) would (1) bypass thiias feature as the signal enters tieltiplex feature via
the voice channel or (2) pass transparently throagi@is, as the signal would be a
feature-specific setugignal and the call could not be completed as dialled, sinee t
dialled code was not translated into a network address.

Personalization principle indicates the following orderings.

e Presentation < Alias: This ordering ensures that information presented to the su
scriber includes any available aliasing information.

e Target Redial < Alias: This ordering ensures that if the last recorded numbeeeorr
sponds to an alias, then the redialled call can also makefubke alias.

Presentation principle indicates the following orderings.

e Multiplex < Presentation: This ordering ensures that an incoming call attempt will
be presented to the subscriber regardless of whether orMattglex feature is al-
ready instantiated. If Multiplex feature is instantiated and the above orderings are
reversed, then the incoming call attempt would not be prafeto thePresenta-
tion feature, and thus the call information would not be presktdehe subscriber,
even though the call attempt itself could be presented tsubscriber by th&ulti-
plex feature.

e Presentation < Set Outcome: This ordering ensures that no information about a
call terminated by &et Outcome feature is presented to the subscriber.

e Presentation < Target Block: If an incoming call attempt is blocked, then no infor-
mation about the call attempt is presented to the subscriber

e Presentation < Delegate: If a call is instantly delegated, then no information about
the call attempt is presented to the subscriber.

e Presentation < Filter: If a call is blocked or instantly delegated by the filter faat,
then no information about the call attempt is presenteddatibscriber.
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Figure 4.4. This figure shows a call established with two sour ce address zones, S; and So,
and two target address zones, ¢; and ¢5. The call incorporates features from each address
zone into the call path.

near Party =1, >

4.6 Combining Categorization with Address Translation

As discussed in Section 2.2, a call can be composed of selifeabnt address zones. These
address zones are used to incorporate features associttegheh of the addresses into the call
as the call path is built. We use Ideal Address Translatiéi)([52], which is the accepted
approach for dealing with address translation in a DFC-lelsghony domain, to order the
address zones such that they adhere to the principles oOAfT categorization approach orders
features within a single address zone with respect to tineiptes of proper system behaviour. To
combine address zones with our feature categories, weasaté categories inside each address
zone, so that when a call attempt progresses to a new addnmessthe features subscribed to
by that address zone are added into the call path in the oederdined by our feature category
prioritization. This nested ordering is shown in Figure.4.4

The nesting feature categories within several differedt@sk zones can potentially introduce
undesirable interactions. This may occur when featuregoaies, which are prioritized with
respect to a single address zone, are composed with otherdeategories found in neighbour-
ing address zones, which are prioritized according to 14édress Translation (IAT) principles.
The nested ordering will almost certainly not adhere to thergized ordering computed for
the feature categories. Hence, the question arises: Deawesied ordering result in undesired
feature interactions?

In this section, we prove that the combined result is, in,fantacceptable ordering that cor-
rectly resolves feature interactions based on the comlsieedf Ideal Address Translation (1AT)
principles and our proper-system behaviour principles.

As shown in Figure 4.4, itis possible for multiple addressemoin the same region to subscribe
to the same feature (e.gl ands2 both subscribe té\lias, and¢1 andt¢1 both subscribe to the
Multiplex-feature Call Waiting (CW) and tDelegate (Del)). In some cases, the feature copies
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work well together, and in other cases, the features arg ltkeconflict with one another. As
an example of a case where two or more copies of the samedeatuk well together, suppose
each address zonel (and¢2) subscribes to Call Waiting (CW). Each of these featureamses

is present in the same call and acts as designed, so thataheaumsbe involved in three separate
call connections, instead of the typical two call connawtioFor example, useil places a call
through address2 as shown in Figure 4.4 and ends in a voice connection with#2sekt this
point, another usei3 calls address2 and the CW feature allows the usdrto accept this call
by putting user1 on hold. Next, uset4 calls addressl1, which also subscribes to CW, and once
again, usek1 is presented with a new incoming call and is able to accepttil by putting3 on
hold. Thus, uses1 is involved in three distinct voice connections involvityy¢3, andt4 two of
which are on hold. Problems may arise when determining wiiche two CW features should
react to acwSwitch signal from the subscriber, but this could be solved by gjveach CW
feature a uniquewSwitch signal. Unique signals would also help the subscriber terdahe
from which address category an incoming call-waiting toag Ibeen received (e.gwHomevs.
cwWork).

As an example of a case where two copies of the same featuret @ark well together, sup-
pose that both address zondsands2 subscribe to alias feature. Normally, the priorities of
the address zones would automatically resolve interacti@tween features in different address
zones, in that the feature in the abstract address zoneibasydor incoming address zones and
the feature in the more concrete address zone has prioributgoing signals. However, in this
example, when the subscriber dials a codeAlrees feature inside1 is applied first and attempts
to translate the code into a corresponding network addidssth address zoned ands2 have a
mapping from the dialled code to a network address and thapgimgs are different, then when
the signal continues inteR’s Alias feature, the second feature either overrides the mapping se
by s1’s Alias feature or does nothing since the dialled code has beerdtads(The call would
not work if bothAlias features translated the code into addresses because arcadt have two
different network addresses.) As mentioned, the prigriiEthe address zones automatically
resolve this issue: becauseé is more concrete thasp, it is a reasonable assumption that the
subscriber is dialling a code found éi’s Alias feature and that this is the network address that
should be used. Thus, whef's Alias feature sees that the network address is already supplied,
it does not override this value.

However, there are cases where the default priorities ieghby IAT are undesirable. Sup-
pose, for example, that addredsis a role-based address for a group of sales representatives
and address zon® is a personal address for a specific sales representatigecall placed to
the sales group is forwarded to the employee associatedaddhess2 and the employee is
unavailable, then it would be preferable if address categiocould re-delegate the call to a dif-
ferent employee, rather than defertfss Delegate feature which takes a message. To address
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this issue, IAT introduces the concept of near-party sigmal Near-party signalling is used

to indicate to features in a more concrete address catefatydatures in an abstract address
category exert the right to a respond to failed call atter@uinsider Figure 4.4, in which a call
attempt passes through which generatesaear party 21 signal. When the call attempt passes
through addres® andt2’s end device issues amavailsignal,t2’s Delegate feature knows not
to respond to failed call attempts, and insteadle¢éegate feature continues thenavailsignal
unchanged. This protocol allows’s Delegate feature to receive and respond to amavail
signal and by redirecting the call to another employee. €kénple also holds true for any pair
of conflicting features found in different target addressemothat respond to failure signals (e.g.,
if t2 andt1 subscribe to any combination Bfelegate or Redirect features). Using near-party
signalling, an abstract address zone has the ability ta pxierity over more concrete address
zones.

Another complication resulting from the nested orderindeafture categories within address
zones is that the overall feature orderings may be such hieateatures do not adhere to the
ordering determined by our categorization approach. Famgie, in Figure 4.4, address
subscribes to &ource Blocking (S BLK) feature, while address2 subscribes to &ource
Redial (S RDL) feature; however our categorization approach tedlghat this is a bad feature
ordering because it violates tidoortion principle. Finally, this problem is implicitly addressed
by the prioritization of the address zones.slfreceives an outgoing signal that initiates a call
attempt to a number blocked by tBeurce Blocking feature, then the call attempt will not reach
s2’s address zone, since tB®urce Blocking feature will terminate the call befor@’s address
can be added to the call path. Alternativelysifreceives an outgoing signal that is designed to
initiate a call attempt by triggering the activation«@fs Source Redial feature, then this signal
will pass unchanged through address zehand into address zon€, wheres2's S RDL feature
can generate a call attempt to a number found Bs call-blocking list. However, despite the
fact that this violates our category ordering and the IAhgiples - that is the concrete address
s1 should have priority over a more abstract addrs®r outgoing signals - this is permissible.
When a signal generated il triggers the functionality of a feature 2, the owner ofs1 is
acting in the role ofs2 and s2 is allowed to place such a call. In the role &f, it may be
necessary for the owner et to contact a person with whom the subscriber does not noymall
wish to speak (i.e 52 is a work role and the owner @fl is performing a work-related task from
home).

These potential problems caused by nesting the categoseteithe address zones are ad-
dressed in Correctness Property 4.6.1 below. This prostates that the combined address
zones and prioritized categories work together to colyaetolve feature interactions that vio-
late the principles of proper system behaviour.
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Figure 4.5. This figure shows the order in which the address zo nes and their categories are
applied within a region, with respect to an incoming or outgo ing signal.

Correctness Property 4.6.1.Correctness of Combined Address Zones and Category Piiorit
zations

Assumption: This property uses the terminology definedebod is validated with respect
to a DFC-based architecture in which features are seriatiynposed, as defined in Chapter 2.

Given a prioritized set of feature categori€s;, and a set of address zones ordered according
to Ideal Address Translation (IAT) principles, the resudticomposition of all feature categories
within all address zones in the call path correctly resoligsractions with respect to the cate-
gorization and IAT principles.

Problem Setup:

In Figure 4.5, we see how the address zones are composedaaioktiorder of incoming and
outgoing signals is such that an incoming signal passesghrthe address zones from right to
left (4, — A, — A, — A.), while an outgoing signal passes through the address Zmrmas
left to right (4, — A4, — A, — A,). Consequently, the order in which address categories
are added to the call path is reversed in the target regione¥ample, when a user sends an
outgoingsetupsignal, the signal prompts the addition of the address zstagsng withA; and
progressing towardsl., which forms the source region for this call. When thetupsignal
reaches the target region for the call, the signal prompmsatidition of the address zones in
reverse starting atl, and progressing toward4,. For simplify, we choose not to model the
possible existence of network modules that can appear batthe different address zones in the
call, since the network model do not affect the signals treasant or received along the call path
and their presence would only clutter the figures.

For convenience, we restate some of the terminology relatédT that was introduced in
Sections 2.2 and at the beginning of this section. In Figusewle show the behaviour of signals
in either region. If we consider the subcall shown, then aslsizoned;, which would be closest
to the subscriber, is the mosbncreteaddress zone, while address zohes the mostabstract
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address zone. Throughout the cases below, we use the faet tisamore concrete than,,.

As mentioned above, IAT is used to order the address zondsasthey adhere to IAT prin-
ciples. However, there are situations where the defauktrord of the address zones will not
satisfy user requirements, thus the concept of near-paythyaking was introduced to address
this issue [52] Near-party signalsare issued by features in the abstract address zone and prop-
agated to features in the more concrete address zone tatedi@at the features in an abstract
address zone exert priority in responding to failed caérafits. When a feature in the concrete
address zone receiveshaar-partysignal, the feature modifies its behaviour, so that it behave
transparently upon receipt of arfgilure signal (i.e., the failure signal is simply passed through
the feature unchanged and the feature takes no action).

We use the following terminology in the validation below.

Let C*=[Cr...,Cpy.. ., Chyot ;G
be the optimized ordering @il feature categories, although
not all address zones will subscribe to features in all categ.
A" =[A1,.. . Ap A, AL
be the set of address zones ordered according to IAT prexipl
Ci = [Cic, Cig, . .. Cly)
be the ordered set of categories in address zone
where the categories ifii are
1) a subset of all the categories(ri
2) adhere to the ordering 0%, such that
C'i; is a member ofi implies thatC; € C*
A*pC* =[C1,...,Cp,...,Cq,...,Ct]
=[Cly,...,Cl.,....Cpg,...,Cppy...,Cpy, ...,
Cans- . Ctmy ..., Cgyy ..., Cty, ..., Ct}]
is the nested composition of feature categofiéwithin the address zones ut*

Suppose a categoyp,, € A, and a category’'q,, € A, violate the ordering imposed hy*.
That is:

A, < A, € A" satisfies IAT principles
Cn < C, € C*: satisfies categorization principles
Cp, < Cq,, € A* @ C*: violates categorization principles

Then we need to prove that the behaviour of the combined aslelseand their categories cor-
rectly resolves interactions based on the combination iotfies of proper system behaviour
and the IAT principles.
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Validation:

This validation is performed using case analysis.

We decompose the validation into ten cases, one for eactiplerof proper system behaviour
with respect to categorization. Three of these cases aea §wlow; the remaining can be found
in Appendix B. We further decompose each of the ten prindialsed cases by identifying the
pairs of feature categories that can potentially resultgrirciple violation, which we know from
our manual analysis of the categories in Section 4.5, andkamime both orderings of each pair.

Case 1: Logging Principle

Thelogging principle prohibits the recording of information about aceming call attempt
that is either blocked or instantly delegated, and ensheersecording of information for all other
call attempts. Theogging principle is violated when 1) bog feature records information about
a call that is blocked or delegated in a target region or 2)nmthe Log feature fails to record
information. The subcases to consider are:

1. Blocking - Log
2. Delegate - Log
3. Multiplex - Log

4. Set Outcome - Log

wherelLog is any feature category (i.eSource Redial andTarget Redial) that records infor-
mation about call attempts.

Case 1.1:Blocking - Log

Assume that the features are ordered as shown in Figure #élLogging principle can be
violated only during the initialization of a call attempt sve consider call scenarios with an
incoming or outgoingsetupsignal.

Incoming setup signal (target region): The Blocking feature in zone4, is entered first, and
the call attempt is either blocked or continued. If the céiémpt is blocked, then the
call attempt is terminated and theg feature in zone4,, never executes, so there is no
violation of theLogging principle.

If the incoming call attempt is not blocked, then getupsignal continues towards theg
feature inA,, which records information about the call attempt; thusréhis no violation
of theLogging principle.
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< Incoming Signal <

**|CLo|[ ***| Log |*** [1""[Blockingl*1—| Ctaf | Ct,
) QOutgoing Signal >

Figure 4.6. This figure shows that a feature category Log, which can be any feature category
that performs a logging action, is in address zone Ap, while the Blocking category is in the
address zone A,.

Outgoing setup signal (source region): ThelLog feature in zonel, is entered first and records
information about the call attempt and thetupsignal continues. Regardless of whether or
not the call attempt is blocked by tiBdocking, feature in4,, no violation of theLogging
principle occurs since the principle restricts the loggafignformation only in the target
region.

Next, we consider the alternate feature ordering showngar€i4.7. Once again, we separate
our analysis of the cases based on the direction (incomimgitgoing) of thesetupsignal and
the region (target or source) of the interaction.

< Incoming Signal <
A Ap Aq A

/!\ ++{C1,| [+Blockingl++— = [Log| *++ H]| Cty| -+ ct,

Quigong gl >

Figure 4.7. This figure shows that the  Blocking category is in address zone A, while a
feature category L0g, which can be any feature category that performs a logging ac tion, is
in the address zone A,.

Incoming setup signal (target region): TheLog feature in zoned,, is entered first and records
information about the call attempt and continuesgbaipsignal. When the signal reaches
theBlocking feature in zonel,, the incoming call attempt will either be blocked or contin-
ued. If the call attempt is not blocked, then no violationte togging principle occurs.

75



However, if the call attempt is blocked, then a violationloé Logging principle has oc-
curred, since theog feature in4, has recorded information about a call that is ultimately
blocked in the target region. However, because zénes more abstract than zong, in

the target region, it has priority with respect to respogdmincoming signals, according
to IAT principles, and thus this is an acceptable violatiQonsider a sales group, repre-
sented by address zong, that receives an incomingetupsignal fromZ'om. The call
attempt is forwarded to a concrete sales-group representataddress zond,. Suppose
that this particular sales representative blocks the imegroall attempt. In this case, we
see that it is desirable for the sales group’s features inesddzone4, to record informa-
tion about the call attempt froMom, since the group address zone assumes that the call
is not blocked and is thus a call within their concern. It is thitial sales representative
who does not want his features i), to record information about the call attempt that his
feature blocked.

Outgoing setup signal (source region): The Blocking feature in zoned,, is entered first, and
the call attempt is either blocked or continued. If the ctmpt is continued, then the
setupsignal continues towards theg feature in4,, which records information about the
call attempt, and no violation of tHeogging principle occurs.

If instead the outgoing call attempt is blocked, then thé aiémpt does not enter the
address zond,, so noLogging principle violation occurs.

Case 1.2:Delegate - Log

In this case, we explore the possibilities of an interacbhietween théelegate andLog cat-
egories. The analysis of this is case is similar to the abasge mvolving théBlocking andLog
categories. The above validation can be used to prove teeslmasimply replacing thBlock-
ing feature with theDelegate feature and replacing “blocking a call attempt” with “instiy
delegating a call attempt”.

Case 1.3:Multiplex - Log

In this case, we explore the possibilities of an interactetween theMultiplex and Log
categories. Theogging principle can be violated only during the initializationab€all attempt,
so we consider call scenarios with an incoming or outga@atupsignal. Multiplex features
add another layer to our analysis as we must consider whethet the subscriber®lultiplex
feature is already active.

Non-active Multiplex

setup signal (either region): When theMultiplex is not in use and receivessgtupsignal (in
either region), it initializes the feature and continues $ktupsignal unchanged. Thus,
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regardless of feature ordering, both thkeltiplex feature and thé.og feature will per-
form their duties, as theog feature is not prevented from receiving thetupsignal and
recording the call information. Therefore, no violationtleé Logging principle exists.

Active Multiplex
Assume that the features are ordered as in Figure 4.8 anttleotise case in whicMultiplex
is already active.

Incoming Signal <«
_/\ I Log 0 —"'iwlﬂtiplex."_ CtW " Cty
Qutgoing Signal >

Figure 4.8. This figure shows that a feature category Log, which can be any feature category
that performs a logging action, is in address zone A,, while the Multiplex category is in the
address zone A,.

Incoming setup signal (target region): Suppose that theog feature is on the subscriber side
of Multiplex in the target region, as shown in Figure 4.8, and Nhdtiplex feature is
already in use, when the incomisgtupis received. TheMultiplex feature in zoneA,
reacts to this call attempt by performing an action thatvedléhe subscriber to interact
with the new call attempt. However, because of the mannericiwMultiplex features
are designed, theetupsignal is not propagated through the remaining featuresarcall
path; instead th&lultiplex feature notifies the subscriber of the new call using either t
existing voice connection or Eature-specifisignal along the call path. If the existing
voice connection is used, instead of the typical signalinguthrough the features’ ports,
then theLog feature does not receive any signal. Alternatively, if thog feature receives
a feature-specificsignal, it may not recognize the signal and may behave tearsply.

In either case, theog feature in zoned, does not record any call information about this
incoming call, even if the user chooses to answer the incgroail, and thel.ogging
principle is violated. However, when the user accepts thisming call, she is doing so
in the role of the address zong,, interacting with the address,’s Multiplex feature.
Hence, it is acceptable that the features in the more canemddress zoned,, do not
record information about this call.
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Next, we consider the alternate feature ordering showngar€i4.9. Once again, we separate
our analysis of the cases based on the direction (incomimgitgoing) of thesetupsignal and
the region (target or source) of the interaction.

Incoming Signal <«
—'"&ultiplex"'— | Log |+ | Ot| | Cty
> Qutgoing Signal >

Figure 4.9. This figure shows that the ~ Multiplex category is in address zone A, while a
feature category L0OQ, which can be any feature category that performs a logging ac tion, is
in the address zone A,,.

Incoming setup signal (target region): ThelLog feature in zoned, is entered first and records
information about the call attempt and continuesgb&ipsignal. When the signal reaches
the Multiplex feature in zone4,, the incoming call attempt will be processed and pre-
sented to the user as designed. No violation oLibgging principle occurs, since the call
information has been recorded.

Outgoing setup signal (source region): Suppose that Multiplex feature that exists in an al-
ready established call is used to trigger another call gateffheMultiplex feature inA,
generates a negetupsignal, which is sent towards theg feature. When theog feature
in zoneA, is entered, it records the call information and continues#tupsignal, and no
violation of theLogging principle occurs.

Case 1.4:Set Outcome - Log

In this case, we explore the possibilities of an interackietween th&et Outcome andLog
categories. Th&et Outcome feature is triggered only in the target region on receipt of a
incomingsetupsignal, hence we need analyze only the cases shown in Figl@eadAd Figure
4.11.

Incoming setup Signal (target region): In the target region, theetupsignal first enters th8et
Outcome feature, which either returnsfailure signal or continues the call attempt. If the
call attempt is continued, then tlsetupsignal continues towards theg feature which
records the call information and there is no violation ofltlegging principle.
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Incoming Signal <

Ay Aq A
[ 0o 000 10090 Set @ @ @t (XX
Log Qutcome Cty CtY

Figure 4.10. This figure shows that a feature category Log, which can be any feature category
that performs a logging action, is in address zone Ap, while the Set Outcome category is
in the address zone A,.

However, if theSet Outcome outputs dailure signal in reverse, then the call attempt does
not enter address zong, and theLog feature inA, does not recorded information about
the call. However, because zodg is more abstract than zong, in the target region, it
has priority with respect to responding to incoming signhatcording to IAT principles,
and thus this is an acceptable violation.

Incoming Signal <
Ay Aq A

Y~ L Set [l na
Qutcome Log Cty Cty

Figure 4.11. This figure shows that a feature category Log, which can be any feature category
that performs a logging action, is in address zone Aq, while the Set Outcome category is
in the address zone A,

Incoming setup Signal (target region): In the target region, theetupsignal first enters the
Log feature, which records the call information, before camtig the call attempt towards
A,. In A,, the Set Outcome feature is entered and either returndadure signal or
continues the call attempt. In either case, there is no tawlaf theLogging principle, as
the call information has been successfully recorded.

However, if theSet Outcome outputs dailure signal in reverse, then the call attempt does
not enter address zong,. This violation of theLogging principle is acceptable, since the
IAT principle givesA, precedence over the more concrdigfor incoming signals.
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Case 2: The Abortion Principle

The Abortion principle states that no call to a blocked number will be ldg&hed (i.e., no
voice connection is formed). We know from our manual analgdithe categories in Section
4.5, that only the receipt of setupsignal can trigger a call attempt to be blocked. Conseqgyentl
we explore only category combinations that affect whethesetupsignal reaches thglocking
feature or modifies the data associated withdb&psignal (e.g., target address, alias codes).
The subcases to consider are:

1. Alias - Blocking
2. GenCall - Blocking
3. RedcCall - Blocking

whereGenCall is any feature category that can generate a call attemptSoerce Redial,
Target Redial, andMultiplex) andRedCall is any feature category that can redirect a call at-
tempt to an alternate location (i.®glegate, Filter, Target Redirect, Source Redirect and
Target Redial, when triggered as its source counterpart).

Case 2.1:Alias - Blocking
Assume the features are ordered as shown is Figure 4.12.

Qutgoing Signal - dialled code >
Ap Aq A,

—"°|@locking---— voo |Alias| =+ | Ct, [+ Ct

Qutgoing Signal - network address >

y

Figure 4.12. This figure shows that a feature category ~ Blocking is in address zone A, and
the Alias category is in the address zone A,

Decoding an alias will affect only th8ource Blocking features, since th&arget Blocking
features are designed to work solely on network addressascd;we consider the receipt of an
outgoingsetupsignal in the source region. Furthermore, sincéhas feature is present in the
call path, the call attempt can be made to either 1) a dialbel@ ©r 2) a network address.

Outgoing setupsignal to dialled code (source region):The Blocking feature in zone4, is
triggered by receipt of theetupsignal and uses the dialled code to determine if the call
should be blocked.
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If the dialled code is found on the blocking list, then Blecking feature terminates the
call attempt and thébortion principle is not violated. However, if the dialled code is
not on the blocking list, then thBlocking feature continues the call attempt. When the
call attempt is continued, theetupsignal continues towards ti#dias feature in zoned4,,
which translates the dialled code into a network addtdsthe translated network address
is not found on the blocking list of thBlocking feature in zone4,,, then theAbortion
principle is not violated.

However, if the translated network address is found on tbekohg list of theBlocking
feature in zoned,, then theAbortion principle is violated. This violation occurs because
the call attempt is continued by tidias feature and a voice connection is established with
another user whose network address is found on a blockingflisBlocking feature in
the source region of the call path. According to the prirespdf IAT, this is the correct
solution, since the caller chooses to act in the rolelpfvhen usingA,’s Alias feature to
identify the network address for the callee. For examplesex mmay block personal calls
to a specific person, but be required to speak with this samsopes part of their job;
hence it would be acceptable when calling from home througirk address to connect
a call with this person.

Outgoing setup signal to network address (source region):TheBlocking feature in zoned,
is triggered by receipt of theetupsignal and uses the network (or any aliases identified by
a previously executedlias feature) to determine if the call should be blocked.

If the outgoing call attempt is blocked, then tAbortion principle is not violated. Alter-
natively, if the outgoing call attempt is not blocked, thée Blocking feature continues
the call attempt. When the call attempt is continued sieipsignal continues towards the
Alias features in zonel,. Regardless of whether or not thdias feature has a mapping
from the network address to a code, this information will affect whether or not the
call attempt should have been blocked, since the codes fa 49 will not necessarily
correspond to the codes for zodg. For example, a feature in zorg, might map the net-
work addresd 234 to “Pauline”, while a feature in zoné, might map a different network
addres2345 to “Pauline”, thus comparing the aliases determined jrwith those on the
blocking list for a feature in zond,, is not desirable. Thus no violation of tidortion
principle occurs.

Next, we consider the alternate feature ordering shownguar€i4.13. Once again, we separate
our analysis of the cases based on the whether or n@&ltoking feature can be effected by the

5|f the dialled code is not translated, then a violation offdetwork principle occurs and the call attempt cannot
be completed.
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presence of aAlias feature. Hence, we explore the subcases where an outgetogsignal is
used to initiate a call attempt to either 1) a dialled code)a Retwork address.

> Outgoing Signal - dialled code >
A Ay Aq A

o 1, H{ [ Alias|+ (- Blockingf | €t |t

> QOutgoing Signal - network address >

Figure 4.13. This figure shows that a feature category Alias is in address zone Ap, while the
Blocking category is in the address zone ~ A,.

Outgoing setup signal to dialled code (source region):The Alias feature in zone4,, is trig-
gered by receipt of theetupsignal and translates the dialled code into its correspandi
network address before continuing thetupsignal towards th@&locking feature in zone
A,. When theBlocking feature receives this signal, it uses the network addressofo-
parison against the blocking list to determine whether drthe call attempt should be
blocked. The information recorded in the alias field is aelabetween address zorfes,
and hence the dialled code is not used to prevent the cathpttevhich is correct, since
the dialled code may have different interpretations ineddéht address zones. Hence, the
call will be appropriately blocked and no violation of tAbortion principle occurs.

Outgoing setup signal to network address (source region):Similarly, there is no violation of
the Abortion principle in this call scenario. Thalias feature in zoned,, is triggered by
receipt of thesetupsignal and translates the network address into its correbpg code,
which is stored in the alias field if such a code exists. $aripsignal is then continued
towards theBlocking feature in zonel,, which determines whether or not the call attempt
should be blocked, using the network address for compa@ag@amst the blocking list.
Again, the alias field is cleared between address zones ad ised when testing against
the blocking list. Hence, the call will be appropriately ¢thed and no violation of the
Abortion principle occurs.

8In the previous cases, the dialled code remains in the tadgiess field , where it is stored until it is translated
into its corresponding network address. Thus, the infoionas not cleared when switching address zones.
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Case 2.2:GenCall - Blocking

Assume the features are ordered as shown in Figure 4.14. Aaleattempt can be generated
only in the source regidn Therefore, we consider 1) the passing dfiggeringsignal, usually
a feature-specifisignal, in the source region, which trigger&anCall feature to initiate a call
attempt or 2) the spontaneous generation of a call attematGsnCall feature.

> Qutgoing Feature-Specific Signal >
A Ap Aq A,

,\

Figure 4.14. This figure shows that a feature category ~ Blocking is in address zone A, while
the GenCall category is in the address zone ~ A,.

Cly| | C1 —"-IBlocking --—---lGenCal\l---— Ctyl [ Cty

)Outgomg Setup Slgnal>

Outgoing triggering signal (source region): TheBlocking feature in zonel, receives therig-
geringsignal and behaves transparently, continuingttigggering signal. Thetriggering
signal continues towards tt@@enCall feature in zoned, and triggers this feature, so that
a call attempt is placed to a target address determined gaitiere or extracted from the
triggering signal. If the target address is not found on the blockingdfghe Blocking
feature in zoned,, then theAbortion principle is not violated.

However, if the determined target address is found on thekiolg list of the Blocking
feature in zoned,, then theAbortion principle is violated. This violation occurs because
the call attempt is continued by tiigenCall feature and a voice connection is established
with another user whose network address is found on a blgdishof aBlocking feature

in the source region of the call path. According to the pptes of IAT, this is the correct
solution, since the caller chooses to act in the rold pivhen using4,’s GenCall feature

to identify the network address for the callee. For examaleser may block all long
distance calls placed from their home address, but be edjtorreturn the call of a long-
distance client for work. Hence, it would be acceptable wtedhng from home through

a work address to connect a long-distance call initiatetiénttork address.

Spontaneous call generation (source region)Consider the case in which tk&enCall feature
in zoneA, has been activated, and it automatically generates a tathpt to a stored ad-

’A Target Redial feature records incoming call information in the targetioag but when it initiates a call
attempt, this occurs in the source region
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dress on behalf of zong, (e.g., aRedial feature). Usually, th&enCall feature queries

the availability of the callee so that the subscriber candidied when the callee is avail-
able to receive a call, but this feature could simply be gyio connect with the callee

in an attempt to play a message on behalf of the caller. In thedase, when the callee

is deemed available, tf@enCall feature generates another call attempt to the subscriber,
with notification that a connection can possibly be esthbliswith the callee. In this
more complex example, thbortion principle is not violated during the initial call query,
because zond, is not involved in the call attempt that queries the callee.

However, when the subscriber responds to the notificatiom fthe GenCall featuré,
the subscriber sends an outgoifegture-specifisignal to activate the call attempt using
GencCall. This scenario is now equivalent to the outgoing triggesiggal (source region)
scenario (above), where violations of tAbortion principle were shown to be correctly
resolved.

Next, we consider the alternate feature ordering shownguar€i4.15. Once again, we separate
our analysis based on the case of whether fgadure-specific signal triggers theGencCall
feature to initiate a call attempt or 2) the call attempt isrgpneously generated byzenCall.

> Outgoing Feature-Specific Signal >
A Ay Aq A

"—'"|B10cking'"— Ct,f**| Ct

| C1 |***[GenCall

- Outgoing Setup Signal >

Figure 4.15. This figure shows that a feature category GenCall is in address zone Ap, while
the Blocking category is in the address zone ~ A,,.

Outgoing feature-specificsignal (source region): TheGenCall feature in zonel, is triggered
by the receipt of deature-specifisignal, which generates a call attempt to a target address
by outputting asetupsignal. The target address is determined by the featuretaated
from thefeature-specifisignal. Thesetupsignal continues towards thigocking feature
in zone A,, which determines whether or not the call attempt shouldlbeked. Hence,
the call will be appropriately blocked and no violation oé#bortion principle occurs.

8We assume that th&enCall feature was triggered by the subscriber associated wite Zgnand that the
notification sent to the subscriber follows the same cah plaat was established between the user4pahen the
user invokedsenCall.
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Spontaneous call generation (source region)The GenCall feature in zone4, automatically
generates a call attempt to a network address on behalf ef4pto query the availability
of the callee. Theetupsignal is output towards tH&locking feature in zonel,. When the
Blocking feature receives this signal, it determines whether orimotall attempt should
be blocked. Consequently, the call is appropriately bldaikecontinued and no violation
of the Abortion principle occurs.

Case 2.3:RedCall - Blocking

Assume the features are ordered as shown in Figure 4.16. Aaleattempt can be redirected
in the source or target region upon receipt of $leéupsignal or anyfailure signal. TheAbortion
principle can be violated only during the initializationatall attempt, so we consider only call
scenarios that involve theetupsignal, separating the subcases into incoming and outgeaitugp
signal.

Incoming Signal <
3 A A
—***[RedCall "'—"°|Blocking°"— Ctaf | Cty
> Qutgoing Signal >

Figure 4.16. This figure shows that a feature category ~ RedCall is in address zone A, while
the Blocking category is in the address zone ~ A,,.

Incoming setup signal (target region): The Blocking feature in zone4, is entered first, and
the call attempt is either blocked or continued. If the ctitmpt is blocked, then the call
attempt is terminated and there is no violation of Amrtion principle.

If the incoming call attempt is not blocked, then tbetupsignal continues towards the
RedCall feature inA,, which redirects the call attempt to another target addzess.
AddressA,’s RedCall feature causes the call to be redirected to another addvass i
this new address zone is not found on the blocking list foafuie inA,, then no violation
of the Abortion principle occurs. However, if the redirection is to an adgdreone found
on the blocking list of a feature id,, then a violation of thé\bortion principle occurs,
since the call attempt reaches an address zone that sharddbban blocked. However,
according to the principles of IAT, this is the correct s@uat since the caller chooses to
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act in the role of4, when usingA,’s RedCall feature to identify the network address for
the callee, and thus this is an acceptable violation.

Outgoing setupsignal (source region): The RedCall feature in zone4, is entered first and
redirects the call attempt to another address zdpe The setupsignal continues into
the new address zoné, where it enters th@&locking feature. The call attempt is then
compared against the feature’s blocking list and is blockembntinued accordingly, hence
there is no violation of thA&bortion principle as the call attempt is terminated or continued
appropriately.

Next, we consider the alternate feature ordering shownguar€i4.17. Once again, we separate
our analysis of the cases based on the direction (incomimgitgoing) of thesetupsignal and
the region (target or source) of the interaction.

Incoming Signal <
Ap Aq A

—°"|§10cking RedCallj+««— [ Ct,{ *=<[ Ct

Quigoing g >

Figure 4.17. This figure shows that the ~ Blocking category is in address zone A, while a
feature category RedCall, which can be any feature category that can redirect a call, i sin
the address zone A,

Incoming setup signal (target region): The RedCall feature in zone4, is entered first and
redirects the call attempt to another address zéneThe setupsignal is continued and
enters theBlocking feature in zone4,. The call attempt is then compared against the
feature’s blocking list and is blocked or continued accogty, hence there is no violation
of the Abortion principle.

Outgoing setup signal (source region): The Blocking feature in zoned,, is entered first, and
the call attempt is either blocked or continued. If the céimpt is blocked there is no
violation of theAbortion principle, since the call attempt is terminated.

If the incoming call attempt is not blocked, then thetupsignal continues towards the
RedCall feature inA,. AddressA,’s RedCall feature causes the call to be redirected to
another address zone. If this new address zone is not foutinedrocking list for a feature

in A,, then no violation of thé\bortion principle occurs. However, if the redirection is
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to an address zone found on the blocking list of a featurd,jnthen a violation of the

Abortion principle occurs, since the call attempt reaches an addoessthat should have
been blocked. However, according to the principles of IAls is the correct solution,
since the caller chooses to act in the rolelgfvhen using4,’s RedCall feature to identify

the network address for the callee, and thus this is an aaioieptiolation.

Case 3: The Failure Principle

The Failure principle states that any feature that can respondftlare signal should be in
a position to receive any generat&idure signals. Thd-ailure principle can only be violated in
the target region, wherffailure signals are generated.failure signal can be generated by either
a Set Outcome feature or the end-device. Therefore, the subcases todmresie:

1. Set Outcome - FailCall
2. FailCall - FailCall

whereFailCall is any feature category (i.eDelegate, andTarget Redirect) that can respond
to a failed call attempt.

Case 3.1:Set Outcome - FailCall

Assume the features are ordered as shown in Figure 4.1&diluee principle can be violated
only when a call attempt fails, so we consider call scenamiosre either 1) the end-device or 2)
someSet Outcome feature generatesfailure signal.

Filure Signal - Set Outcope

—y A A A
/! 0 Cle —""* FaﬂCall el Ou?ce(;[me 00— th 0oe Cty
> Failure Signal - End-device >

Figure 4.18. This figure shows that a feature category ~ FailCall is in address zone A, while
the Set Outcome category is in the address zone A,

End-device-generatedfailure signal (target region): The call attempt generates the call path
shown in Figure 4.18. When the end-device receives the imgpsetupsignal, it responds
by issuing dailure signal. This signal enters th&ilCall feature in zoned,, first, and the
failed call attempt is treated according to the functiayatif the feature. There is no
violation of theFailure principle.
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Set-Outcome-generatedailure signal: The call attempt generates the call path shown in Fig-
ure 4.18, but only up to th8et Outcome feature in zoned,, which immediately outputs
a failure signal back towards zoné.. Thus, theSet Outcome feature prevents the call
attempt from reaching the zong,, which results in a violation of thEailure principle,
since theFailCall feature inA4, cannot respond to thi&ilure signal. However, because
zoneA, is more abstract than zong, in the target region, it has priority with respect to
responding to incoming signals, according to IAT princglend thus this is an acceptable
violation. The result of this precedence is tiigtacts as a gate that restricts signals from
accessing the more concrete addréss

Next, we consider the alternate feature ordering shownguar€i4.19. Once again, we separate
our analysis of the cases based on whether 1) the end-dev&)esomeSet Outcome feature
generates théailure signal

> Failure Signal - Set Outcome >

Ap Aq A
I I e
Outcome FailCall Ctif | Cty
Failure Signal - End-device >

Figure 4.19. This figure shows thatthe ~ Set Outcome category is in address zone A, while
a feature category FailCall, which can be any feature category that reactstoa  failure signal,
is in the address zone A,.

End-device-generatedailure signal (target region): The call attempt generates the call path
shown in Figure 4.19. When the end-device receives the imgpsetupsignal, it responds
by issuing dailure signal. This signal enters tiet Outcome feature in zone4, first,
which simply continues th&ailure signal. When the signal reaches talCall feature in
zoneA,, the feature responds by performing a failure treatmenheridiled call attempt.
Thus, there is no violation of théailure principle.

Set-Outcome-generatedailure signal: The call attempt generates the call path shown in Fig-
ure 4.19, but only up to th8et Outcome feature in zoned,, which immediately outputs
afailure signal back towards zon&,. Thefailure signal is continued and reaches Heal-

Call feature in zone4,, the feature responds performing a failure treatment orfistitesd
call attempt. Thus, there is no violation of tRailure principle.
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Case 3.2:FailCall - FailCall

Assume the features are ordered as shown in Figure 4.20. rékenze of twd-ailCall fea-
tures in different target-region address zones of a cahgit means that, if the call attempt fails,
only one of the two features will perform its failure treatmeWe analyze this call scenario by
considering the receipt of an outgoifalure signal in the target region.

Al AP Aq Az

/\ | {1 {pacatl+ o Faitcan b4 et ] ct
> Outgoing Failure Signal >

Figure 4.20. This figure shows that a feature category  FailCall is in both address zone A,
and A,.

Outgoing failure signal (target region): A failure signal is generated and sent along the call
path shown in Figure 4.20. The signal entersfagCall feature in zoned,, first, and the
failed call attempt is treated according to the functiayadf this feature. However, the
failure treatment does not involve continuing tfagure signal towards zone!,, hence
A,’s FailCall feature does not get to respond to this signal and a violatidhe Failure
principle occurs. The default resolution according to IAinpiples gives priority ta4,’s
feature with respect to outgoing signals, since itis in tlreaxconcrete address zone. Thus,
this is an acceptable violation.

However, as previously discussed, IAT designers notedthiimimight not be the correct
resolution in all call scenarios and addedar-partysignalling as another IAT protocol
that allows modification of the priorities for features insthall scenario (see Section 4.6).
When theFailCall feature in zoned, is initialized, it may issue aear-partysignal. This
near-partysignal alerts thé-ailCall features in more concrete address zones, such,as
to behave transparently on receipt of dayure signal. Therefore, if anear-partysignal

is received by zonel,’s FailCall feature, then thédailure signal continues unchanged
towards zoned,,, where itsFailCall feature applies its failure treatment to the call attempt.
Thus, users have the ability, vigar-partysignalling to change the default resolution for
this principle violation.

This concludes the validation of the cases that cover thi¢leeoten principles described in
Section 4.2. The case analysis for the remainder of theiptesccan be found in Appendix B.
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In the following chapter, we discuss how the categories aimtiples identified in this chapter
can be modelled in Prolog and used to automatically genepimal category orderings.
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Chapter 5

Using Prolog to Automatically Generate
the Partial Order

To support our category prioritization approach presemedhapter 4, we developed a Prolog
model to automate the generation of optimal category anderin a more efficient and less error
prone manner. Recall from Section 4.4 thabgtimal ordering is any ordering that is violation-
free or, if no such ordering exists, any ordering that hasthallest criterion violation count. Our
Prolog model simulates the telephony environment destiib€hapter 2. In this environment,
a telephone call is formed by incrementally adding featuselates, interface modules, end
devices, and network components in a serial ordering intamat to establish a user connection
(i.e., a voice connection). Signals travel along the cathetween the various feature modules
and utilize system information to aid in call routing. Theatigres are added to the call path
in a specific ordering to reduce the occurrence of featueractions. To calculate the priority
ordering that determines the order in which features areddd the call path, we begin by
abstracting features into a smaller set of categories ardghioritizing these categories.

The category prioritization is based on the categories amtiples identified in Chapter 4,
where features representing each category and asserborsponding to the constraint and
criterion principles are incorporated into our Prolog mlodde principle assertions are used to
identify unacceptable feature orderings that result ituiesinteractions, so that after searching
all possible call scenarios, our Prolog model returns adfsbptimal orderings between the
feature categories.

The rest of this chapter is organized as follows. Sectiondivés a general overview of
our Prolog model. Section 5.2 presents the data structuesded to represent a call in our
Prolog model. In Section 5.3, we summarize the executionainimd how calls are generated.
Section 5.4 describes how feature transitions are modelietiSection 5.5 describes how during
execution a feature transition updates the execution mdslettion 5.6 presents the principle
assertions and how assertions help determine optimalréeatderings. Section 5.7 describes
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the output, such as the set of all feature category ordetimagsviolate constraint principles,
generated by our Prolog model. Finally, in Section 5.8, veewss optimizations that truncate
exploration of invalid call scenarios to increase effesmtigss.

5.1 General Design Overview

Prolog, short for Programming in Logic, is a declar-
ative programming language based on predicate calcu-
lus [44]. Prolog uses a logic paradigm, with backwards

chaining (i.e., goal-driven reasoning) to automatically F1
solve queries. The backwards chaining employs back-
tracking and pattern matching as it attempts to find a VSA
solution to its goal. When Prolog it performs an exhaus-
tive search over all instantiations of the facts and rules F2
contained in the Prolog database to return all possible
solutions to its goal. SC¢ \ SB

We chose to model our telephony environment in Pro-
log because there is a clear mapping between our tele- F3
phony environment and the database of facts and rules
that Prolog uses: our feature data can be represented as Y SD
Prolog facts, our feature transition rules can be repre-

Network

sented as Prolog inference rules, and our principles can
be represented as Prolog assertion rules. A Prolog query
in our model is designed to return the list of optimized
priority orderings, as well as some other related outputs, Figure 5.1. Feature Composi-
for a given set of categories and principles. For clar- ion: Feature E1 outputs signal
ity, we refer to the representation of our telephony envi-  ga in a forward direction into
ronment in Prolog as th&elephony Prolog Model(TP feature F2. Feature F2 outputs
model). signal SB in a forward direction

The TP model takes as input the feature categories in,t into feature F3. Finally
to be prioritized and the principles that define accept- featyre F3 outputs 2 signals,
able system and feature behaviour. Each feature cate- g in a reverse direction into
gory is represented by@ategory Representative Fea- feature F2, and SD in a forward
ture (CRF) that is encoded as a set of transition rules girection into the network.
that mimic the feature’s finite-state-machine behaviour
of reacting to input signals. Each principle is expressed
as an assertion over variables representing the curréatdtie call/call attempt; if the assertion
evaluates to false, then the principle is violated.
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In our telephony environment (see Chapter 2), the featuddrgarface modules of a call are
ordered serially. The TP model simulates this compositpmlpping the output signals from
one feature to the input(s) of its neighbouring featuresshasvn in Figure 5.1. Signals flow
along the composition in both directions; signals sent inravérd direction towards the callee
are input into the next (lower) neighbour in the call pathevdas signals sent in the reverse
direction towards the caller are input into the previouspgrp neighbour in the call path. In
this chapter, we change the orientation of a call path fronezbatal to vertical, so that we have
more space to show the branching that occurs when Prolodraakk and explores an alternate
evaluation along a call path for a particular call scenario.

The three main concepts used in simulating the executiorcall attempt in the TP model are
call state, feature transition rules, andprinciple assertions Call statesrepresent the current
execution state of each call attempt and the call attemfi¢steon the model’s environment (e.g.,
call information in the database). #&ature transition rule is defined for each feature, which
simulates the feature’s behaviour upon receipt of a sigirahciple assertionsrepresent feature
interactions, or the absence of a particular feature iotena, in the TP model and are used to
identify invalid feature orderings.

To identify all acceptable feature orderings, the TP modagplaes all possible feature cat-
egory orderings and evaluates the acceptability of eaclth Bassible ordering is combined
with a specific set of feature data (e.g., call forwardinginfation), which forms a distincall
scenaria For each call scenario, all potential call paths are geedravhere eacleall path
represents one possible execution path of a call. For exarti@ callee may either answer a
call, not answer a call, or not be available (already on tr@phwhen she receives an incoming
call. These different environmental situations resulthe treation of three call paths, and the
TP model explores all possibilities.

Recall from Section 2.3 that a call path is split into mukiphll segmentswhenever a call
path contains #ultiplex feature. Each call segment represents a portion of the atillthat can
be linked to other call segments to form a complete call pdthenever avultiplex feature is
added to a call path, it causes the call path to generate aalesegment so that multiple call
paths can access the same call segment, since only onecestheachMultiplex feature can
be active at any given time for a specific address zone. Thukei TP model, each call path is
represented as a sequence of one or more call segmentsithttdether to form the complete
call path.

After simulating all of the possible call scenarios and tifgimng unacceptable feature-category
orderings, the TP model outputs a setall trees a set ofsignal tablesrelating to the call trees,
a Violation-Free List (FreeVioList), a Criterion-Violation List (CritVioList) , aConstraint-
Violation List (ConVioList) and aAllowable Criterion Violation List (AllowCritList) . A
call tree is created for each call segment that is generated duringlaiion and represents the
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true
setup] 1

|
auth(cTina)
|
Alias
|
BlockS

|
billing

nSally
nTina
exists(nTina)

auth
|
billing
endDevice(nTina, eTina) endDevice(nTina, eTina)
avail 7 - 3 unavaill - 7
setup| - 4 no constraint violations
|
Path 5
answer(eTina) answer(eTina)
answer| -5 ringTO| -6

no constraint violations no constraint violations

| |
Path 3 Path 4

Figure 5.2. Call Tree calllaBbS2: This call tree, named call
segments that forms a specific call path. The first branch on th
whether or not the end device is available, while the second b
the callee answers the incoming call.

possible call paths that could execute whese&upsignal is propagated through a call segment.

1aBbS2, shows one of the call
e tree is generated based on
ranch explores whether or not

When two call paths are based on the same category orderththarsame feature data, and
differ only in the inputs and responses from the call’s emwinent (e.g., whether the callee an-
swers the phone or not), their corresponding call segmeatmarged into the same call tree.
Figure 5.2 shows the call tree representing the differdhpa#hs generated for a specific feature
ordering and a given set of feature data where all possilitesgawards the callee’s end device
are explored. Aignal tableis recorded for each call path in a call tree and identifiesrdler, all
of the signals that were generated and received by the &satluring the simulation of the call
path. Table 5.1 shows the signal table corresponding toateath labelledt on the call tree in
Figure 5.2. The table shows that tbetupsignal initialized the call attempt and is continued by
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Table 5.1. Signal Table
Signal TablePath 4 for calllaBbS2

Module Signal 1 Signal 3 Signal 4 Signal 6
auth(nSally) - Dialled(cTina) setup| availl ringTOT
AliasS(nTina cTina) setup| avail ringTO7T
BlockS('not blocked”) setup| avail ringTOT
billing setup| avail ringTO7T
exists(nTina) setup| avail! ringTOT
auth(nTina) setup| avail ringTO?
billing setup| avail ringTOT
endDevice(eTina) - avail setup] availt ringTOT
answer(eTina) - ringTO setup| ringTO

This signal table identifies the different signals sent glthre call path with the label 4 found on the above
call tree, calllaBbS2.

the feature modules in the call path, as the modules are addee call path. When theetup
signal enters the callee’s end device, the device is fourte tavailable and henavail is sent
back towards the caller through all the features in the imjstall path. Nearly simultaneously,
the end device continues the call attempt sendingst#tepforward towards the callee, which
presents the incoming call to the callee (e.g., the devaxssto ring). In this call path, the end
device is not answered after a set amount of time andg/O signal is sent back towards the
callee.

In addition to the graphical representation of the expla@tipaths, TP model outputs sum-
mary information about the feature interactions that wesected during call simulation. The
Violation-Free List (FreeVioList) is a list of feature orderings that do not violate any prihes;
all of the orderings in this list are optimal orderings. Trerion-Violation List (CritVioList )
lists feature orderings that are known to result in a cotesiolation, whereas th€onstraint-
Violation List (ConVioList) lists the feature orderings that can result in a constsaoiation.
The Allowable Criterion Violation List (AllowCritList ) is a list of feature orderings that vio-
late criterion principles, but that are accepted as optondérings if the system is overly con-
strained. TheAllowCritList will only contain elements iFreeVioList is empty.

5.2 Modelling Abstractions

In this section, we identify and describe some of the datacires used to model our tele-
phony environment in Prolog. After presenting a detailestdgtion of the principle data struc-
tures, we end with a list of other data structures that maimtéormation about calls and search
results. Finally, we conclude this section with an expleomabf how we represent a category in
the TP model using Eategory Representative Featurd CRF).
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5.2.1 Call Stage Routing Information

The call’'s current point of execution is the feature moduléhiw the call path, where the
signal is currently initializing or traversing the modulEhe routing-related information for the
current point of execution is always determined during tiigalization of the feature module. To
track a call’'s current point of execution and future path,reeord the following routing-related
information for each call.

Zone: the address zone in which the current signal is currentlydoprocessed by a module, or
in which thesetupsignal is building the call path.

Region: the region in the call path that the current signal is tramgrsthis can be either the
sourceor target region

Source: address of the source region. When the current signal igiadhrce region, the values
of the Source and Zone fields will be equal, unless a sourdeeotidn has just been
initiated. When the current signal is in the target zone Sberce field will hold the value
of the most recently traversed source address.

Target: address of the target region. When the current signal issitetfyet region, the values of
the Target and Zone fields will be equal, unless a targeteetiim has just been initiated.
When the current signal is in the source zone, the Targetviigldhold the target address
or dialled code provided by the caller.

Alias: the code/alias value for an address in the opposite zonehelrsaurce zone, feature
AliasS, if in the call path, maps the dialled code to a target addaedsstores the originally
dialled code in the Alias field. Analogously, in the targediom, featureAliasT, if in the
call path, maps the caller's address to the correspondiag, @nd stores the alias in the
Alias field.

In the signal routing information, we distinguish betweeld@sses and aliases by prefacing
addresses with n (merical address) and prefacing aliases withod&). For example, when an
AliasS feature is added to the call path, the feature executes arfthhpes the target field in the
routing information from the dialled code, cTommy, to itsresponding address, nTommy, and
2) moves the dialled code into the alias field. The diallededsdstored in the alias field to allow
other features to access and use this information. For eeamBource Redirect feature can
selectively chose to redirect an outgoing call attempt thaseeither the target’s numerical ad-
dress or its alias (i.e., a subscriber always redirectsomoggealls to the alias “MyBoss” through
the subscriber’s work address).
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The alias information is always discarded when the calhattas routed from the source re-
gion to the target region, since alias information is subscrand address specific. For example,
if the alias parameter holds the term “Mom?”, this may refea wifferent person when the region
is changed. For the same reason, our model also discardsrdti@mation whenever the call
attempt is routed into a different address zone in the sagierrde.g., the alias “Tom” in the
subscriber's home address may refer to a friend, but the sdiae“Tom” in the subscriber’s
work address may refer to a co-worker).

5.2.2 Call Stage (CS)

To track the progress of a call in the TP model, we found thist éidvantageous to separate
each call into stages. Call Stages are not strictly necgssamplement the simulation of a
call. However, using call stages simplifies the implemeoedf principle assertions, as some of
the principle assertions need to be checked only wheatapsignal reaches a particular point
in the call-attempt process. The call-stage data strugitoeides an easy way to track these
execution points in a call attempt. For example,dbertion principle is checked whenever the
setupsignal reaches the Network and begins routing the call imevaaddress, validating that
this call attempt should not have been terminated. Usingstades also reduces the number of
transitions to be considered for execution, because eanhkition is designed to be executed in
exactly one call stage.

In Figure 5.3, Tabled shows the call stage and routing information associated aicall
attempt that is terminated by a feature in the caller’s asklr@ne. In Tablé3, we show the call
stages and routing information associated with a call giteahmat leads successfully to a voice
connection with the callee. In fact, Tablerepresents the progress of call path 4 in the call tree
of Figure 5.2. The data shown in these tables correspone tcathstage and routing information
that existed during the initialization of the call path.

Below we explain the different call stages:

cValid: the call validation stage, where a call is tested to deteznfithis address is able to
receive/place calls and set up authentication requiresienainy of the source (performed
instantly) or the target (performed when the call is ansdjeagldresses. A call normally
starts in the call validatiorcy/alid) stage (Figure 5.3, lines 1a, 1b) and reenters this stage
whenever the call enters a new address (Figure 5.3, lineFsdr)example, a device may
restrict usage or require a passcode before allowing aachk tplaced. After the call has
been successfully initialized and authenticated, thepraljresses to the additionAdd)
stage (Figure 5.3, lines 2a, 2b).

cAdd: the addition stage, where features associated with themuaddress are added to the
call path and their initialization behaviour is simulat®étbrmally, when a feature is added
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cValid || (source, nSally, nSally, 1a cValid (source, nSally, nSally, 1b
cTommy, empty) cTommy, empty)

cAdd (source, nSally, nSally, 2a cAdd (source, nSally, nSally, 2b
nTommy, empty) cTommy, empty)
(source, nSally, nSally, 3a (source, nSally, nSally, 3b
nTommy, empty) nTommy, cTommy)

cEnd || (source, nSally, nSally, 4a netLink || (source, nSally, nSally, 4b
nTommy, empty) nTommy, cTommy)

cValid (target, nTommy, nSally, 5b
nTommy, empty)

cAdd (target, nTommy, nSally, 6b
nTommy, empty)

netLink || (target, nTommy, nSally, 7b
nTommy, empty)

cAnswer || (target, nTommy, nSally, 8b
nTommy,empty)

vLink (target, nTommy, nSally, 9b

nTommy, empty)
(A) (B)

In Figure A, the call ends when the call is terminated (e.g.alBlocking feature) before the

call can transition into the target zone. In Figure B, thé padgresses successfully through the

source and target zones and establishes a voice conneetisedn Sally and Tommy.

Figure 5.3. Call Stage Progression

to the call path, it will have little or no effect on the calage, although some features may
modify a portion of the routing-related information (Figus.3, lines 3a, 3b). However, a
few features have the ability to change the status of thestadle. For example,Blocking
feature, which prevents calls to specific addresses, caeeaaall to abort by progressing
to the call end¢End) stage (Figure 5.3, lines 4a). Once all features in the otinegion
have been applied, or when a feature forces a change in ftseachlress (redirection), the
call transitions to the network linknétLink) stage (Figure 5.3, lines 4b, 7b).

netLink: the network link stage, where the call is routed from one esklizone to another
address zone, possibly in the alternate region. For examvpkn changing from the source
(caller) zone to the target (callee) zone of a call, the taagelress is calculated. The
calculated address is added to the call path and used taaoerttie call. Alternatively,
after adding all of the target (callee) features, the cdtansferred to the interface module
of the target’s devicé. When the call transitions frometLink into the target's device

We chose not to model interface modules in TP model, sincean&koose to use a standard set of signals that
do not require translation when entering a new device.
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(Figure 5.3, line 7b), the call enters the call ansve#tr(swe) stage (Figure 5.3, line 8b).

cAnswer: the call answer stage, where the user device receives thatisahpt and responds
accordingly (i.e., the telephone rings to alert the usentmeoming call). In this stage, the
device reports its availability, sending out eitheraamil or unavailsignal? When the de-
vice is available, it also notifies the user of the incominiyy 8&hen a device is answered,
the call progresses to the final voice lin®\Link) stage (Figure 5.3, line 9b), indicat-
ing that the call is successfully connected and commuricasi established between the
source and target.

cVLink: the voice link stage, which is entered when a voice connedteween parties is suc-
cessfully established. In this stage, the call is estaptisind the users can communicate
with one another. If there are no further actions to be aggbethis call (i.e., there are no
user input signals to be processed), then the call entecbee

cEnd: the call end stage, which is entered whenever a call is teted) or whenever the call is
aborted for any reason. As discussed above, the call atmangie terminated by a feature
or the call attempt may be terminated when one of the usatesaeardownsignal.

cDone: the call done stage, which is entered when a call has finisteagsing all of the call’'s
transitions and has finished applying all of the user-itetiasignals to the call. The call
done ¢Dong stage indicates that no further action will be applied by T model with
respect to this call. This stage is a Prolog-simulationesthgt indicates to Prolog that the
call attempt has been fully simulated.

In keeping with the information presented in Figure 5.3, weate the data structur€all
Stage(CYS), which takes the following form:

CS = Cal | Stage(Regi on, Zone, Source, Target, Alias)

whereCallStageis a value representing the current stage of this call, aretevthe parameters
(Region, Zone, Source Target, Alias) record signal routing information about this call’'s state

5.2.3 Segment Stage (SegStg)

A Segment Stag€SegStg is similar to aCall Stage(CS) described in Section 5.2.2, however
the SegStgspecifically refers to the stage of execution of the call sagimather than to the stage

2Traditionally, asetupandteardownsignal involves the use of the verification signafsackanddownack For
simplicity, we chose not to model these two signals; sinesé¢hsignals are used to confirm a solid connection
between neighbouring features in the call path before sgralny subsequent signals. Therefore, removing these
signals does not affect the results of our model.
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of the call. SegStgs used to identify the active call segment, where the cpdist of execution
is located, and to identify completed call segments thaliaked to other call segments and that
form a portion of the call.

Each call has exactly oreetive call segmentwhose segment stag8dgStg is analogous to
the call stage@S) (e.qg., if CS = cAdd,thenSegStg= sAdd. The segment stage of each non-
active call segment represents the status of the call sdgfienexample, theConnectectall
segment status indicates that its corresponding call segisédinked to another call segment.
No new features or interface components can be added to actime-call segment. The term
executing call segmentefers to the call segment that contains the point of exeoubr this
call in the TP model. Normally, thexecuting call segmei theactive call segmenhowever
signals may be sent along established call paths, in whish ttee executing call segment may
refer to a completed call segment along which the signahigetling.

The following list describes the different stages of a cafjraent:

sAdd: the segment addition stage, in which the call segment iadtiee call segmenand new
features and interface components are still being addéxbtedil segment (corresponds to
call stagecAdd).

sAnswer: the segment answer stage, in which the call segment iadtree call segmentand
the target device is presenting the incoming call to its awoerresponds to call stage
cAnswe).

sVLink: the segment voice link stage, in which the call segment iathiee call segmenand
the call has been answered (i.e., established) and thearsezsmmunicating (corresponds
to call stagecVLink).

sStartCon: the stage, in which the call segment is requesting the oreafia new call segment;
the new call segment becomes the active call segment focdlig=or example, when the
Multiplex category is added to the call path in the source region, tkiefeature added to
the call path forms the start of a new call segment.

sConnected: the start connection segment connected stage, in whichatheegment is linked
to another call segment. Signals can travel along a comhectk segment (i.e., be the
executing call segment) and may trigger feature reactsund) as the generation of a new
signal, but a connected call segment can never again beige eali segment.

sComplete: the segment complete stage, in which the call is establishddo user-input sig-
nals are left to be searched. When a call segment enterddlgis, s10 further actions can
be applied to this call segment, unless there is influenaa o outside call (e.g., when
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another call links to a multiplex feature belonging to thall segment) (corresponds to call
stagecDone@.

5.2.4 Call Representation in Prolog (CallID)

Each call is formed by connecting one or more call segmentthd TP model, the instantia-
tion of a call segment is represented bgall Identifier (CalllD) data structureCalllD stores
such information as whether the call segment has been litckadother call segment, whether
another feature should be added to the call segment, andasiberion principles have been
violated thus far during the call:

Call Name (CN): the name of the call segment.

Call Stage (CS): the data structure described in Section 5.2.2, which inelécie call’'s current
stage (e.g.¢Valid, cAdd, netLinR and contains signal routing information.

Segment Stage (SegStg)the segment stage described in Section 5.2.3, which irediddie
progress of the call segment and determines whether ansiticars remain for this call
segment to execute.

Ordered Feature List (OFL): an ordered list of all features @RFs that will be applied to
this call attempt. The order indicates the order in whicthdaature will be added to the
call path. The feature list is appended by a num@&il_:Pos, whose value represents the
position in this feature list that refers to the feature ently being added by the call path.
The values irOFL will change when the call is redirected to a new address zone.

Applied Feature List (AFL): an ordered list of all features that are already part of tiigoash
for this call segmentApplied Feature List (AFL) is always a subset @FL that starts
at some positiotX in OFL and ends aPos+ 1.

Criterion Violation History List (CritHis):  alist containing each criterion principle along with
a marker that records whether or not this principle has béaated thus far in this call
attempt.

In the TP model, one or more calls can be modelled and be atreliff stages of their simu-
lation simultaneously. This allows the TP model to simutaeeffects of multiple call attempts
(i.e., second incoming call) on the behaviour of the featategories. ACall List (CList) data
structure keeps track of the set of calls currently beingutated.CList is a list of pairs CalllD ,
InSig], where eactCalllD is a call in progress andSig is that call’s next input signal.
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5.2.5 Other Interesting Data Structures and Terminology of Interest

Below we list other key data structures and some terminotbgyis used in the remaining
sections of this chapter. The three database data stradialew storelynamic or static data.
Recall from Section 2.4 thatatic datacontains information that persists after the call is torn-
down, whereaglynamic datacontains information that pertains to the structure of @leand is
removed when the call is terminated.

o Call Database(CallDB) is a list that contains dynamic call-specific informatiogded
by features in the current call path. When a call segmentisdown (i.e., removed from
the telephony environment), any related call informatsremoved fronCallDB. CallDB
is a list, which contains sublists that are indexed by thessgiment’s unique name. The
database entries can also have a secondary index basedhamteef the feature that owns
the data. For example, an element@dlIDB could be[calll, Present, [Mom, 555 —
1234]], wherecalll’s presentT feature has recorded the aliag,om, and the telephone
number555 — 1234, to be presented to the subscriber during the current call.

e System DatabasgSysDB is a list that holds static database information, recoroied
required by the features and the main telephony systempthraist beyond the life of a
call. Examples of system database information includéngildata and the last number
dialled. SysDBinformation is permanently retained until explicitly reweal or updated
by a feature SysDBelements have the same structur€aiDB elements.

e Feature Data DatabasdFeatDatd) is a database that holds subscription information and
related feature data for all users in the system. For exariRpltDatacontains the list of
features subscribed to by each user, and the additionalkédata (e.g., the blocking list
for the featureBlockS) recorded by the user to guide feature execution.

e Call state is defined as the current execution state of a call and this eddéct on the
model’s environment. We can determine the call state of adlyirc the TP model by
retrieving from the databas€allDB andSysDBall entries associated with ti@alliD of
the call’s active call segment.

e FreeViolList is alist of all feature orderings that have been tested arase/Bimulations
were found to be free of any principle violations. These drdgs are always optimal
orderings.

e AllowCritList is a list of all feature orderings that are considered optonderings even
though their simulations were found to contain some coteprinciple violations. This list
will only contain orderings ifFreeVioList is empty and the system is overly constrained
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with respect to the principles. If any elements are foundhis list, then these elements are
also optimal orderings.

e CritVioList is a list of all feature orderings that have resulted in aedoin violation
together with the principle violated and the region in whileé principle was violated.

e ConViolList is a list of all feature orderings that have resulted in a trang violation
together with the region in which the principle was violated

5.2.6 Category Representation

A Category Representative Featurg(CRF) is an abstract feature representing a feature
category in the TP model. THeRF corresponds to the generic features defined in Section 4.4.
For each category, tHeRF is chosen so that it performs the essential behaviour ofeatyfe in
its associated category. Thus, any feature in the categagpresented by the categorZ&F.

For example, &£ RF representing the source blocking categ@pckS, would either block or
continue an outgoing call. ThiSRF would not log call information about blocked calls, as this
action is not part of the basic functionality for this feawrategory and is performed only by
specializedBlockS features. As discussed in Section 4.1.1, these multiptpgse features are
decomposed into two or more features that represent therésafiunctionality.

The CRF is sufficient for the purposes of our analysis of the call patdtause every feature
within the category represented bYC&®F performs the same underlying functionality. The fact
that many of these features will also perform extra funcliiy does not diminish or negate the
fact that the basic behaviour of the feature can cause atiaolto occur. Therefore, @RF is
used to identify feature interactions that occur betweéferint feature categories.

5.3 Execution Model

During execution, the TP model choosesCalllD, InSig] pair from CList, whereCalllD
represents an active call segment. The next feature to lmeitexkor added to the call path and
other useful information are extracted from tGalllD . This information is used by Prolog to
identify any enabled feature-transition rules. The TP nhtiten executes the feature-transition
rule to generate a new call state. Any alternative featuaesition rules will also be explored as
part of Prolog’s exhaustive search. When the execution eftufe-transition rule adds a new
feature or interface component to the call path, the reguttall state is tested to determine if the
principle assertions still hold. When the principle agsertioes not hold, a principle violation
Is identified.

A principle violation indicates that a feature interactmxists, and appropriate action is taken
based on the type of violation found (i.e., constraint otecion). When no principle violation

103



is found or if no principle testing is require@List is updated to hold the new call state and the
next input signal. The TP model then repeats the above stepsia further transitions can be
applied to any call.

In the following sections, the three execution steps, feséipplication, principle testing, and
call-state updating, are presented in greater detail. €hwufe-transition rules that simulate
feature behaviour are presented first followed by an exgiamaf how the TP model updates
the call state using the output from feature-transitioesull' he principle assertions are presented
last, since testing principle assertions is orthogonéatéoprogress of the call’'s execution.

5.4 Feature-Transition Rules

Each feature in the TP model is encoded as a set of featursiiom rules that model the
behaviour of the feature with respect to the signals it ki Each feature-transition rule
(transrule) is based on the feature box’s finite-state-machine modsigribed in Section 2.4.
Possibldransrule reactions include propagating the input signal to a neighibg feature; per-
forming some action, such as updating tball Database(CallDB) or the System Database
(SysDB); and outputting a new or modified signal.

Most transrules have the form

transrul e(CList:Call 1D, CList:InSig,
Next CS, Qut Sig, NewCal |l I D)

Input parametersCalllD andInSig, provide information about the executing call segment and
input signals, respectively. Information extracted frdrede input parameters is tested against
the preconditions of eadmansrule to determine whether the transrule is triggered in the otirre
call state. For example, the Ordered Feature IGsill{D :OFL ) identifies the feature or interface
component being executed, while the Call Stagell{D :CS) is used to further narrow the selec-
tion of whichtransrule can execute. The triggeraécnsrule can extract further details from a
database, such as feature data values ffeature Data Databas€FeatData), to determine the
appropriate action to be applied by this rule.

The output of the triggerettansrule parametersNextCS andOutput Signal (OutSig), in-
dicates the changes that should be applied to the new ctdl @ta the signal type (SigT) and
direction (Dir) of any signal generated by this transiticegpectively. When &ransrule outputs
multiple signals, the signals are applied one at a time, thighfirst signal being fully processed
by the call before the next signal is procesde@ccasionally, a triggerettansrule will also
output aNewCalllD, which represents either a new call spawned by the featlaeontinuation
of the current call via a link to a new call segment.

31t is unusual for a feature to simultaneously send out maaa tine signal in the same direction along the call
path; allowing one signal to fully execute before the neghal is sent will not effect the progress of the call.
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transrule(CList:CallID, CList:InSig, NextCS, QutSig):-
1 %transrule entry constraints and

2 %useful variables extracted fromthe input

3 CList:CalllD: OFL: Feat N = Bl ockT,

4 Clist:InSig:SigT = setup,

5 Clist:CalllD:CS = cAdd(source, Src, Src, Tgt, Al),
6

7 %this is a target feature in the source region
8 % behave transparently

9 NextCS = CalllD:Cs,

10 QutSig = CList:InSig.

Figure 5.4. BlockT Transrule (Initialization Source Zone)

A transrule may also update other components of the TP model. For exa@GpltbB is
updated each time @ansrule records or updates temporary call-specific informatiochsas
the identification of the incoming call that is presentedhe subscriber. As another example,
SysDBis updated each time a feature records persistent infoomaguch as the last number
dialled by the feature’s subscriber.

The psuedo-code shown throughout this chapter uses tloavfolj terminology. The “,” rep-
resents the conjunction (and) of commands and the “;” remtssthe disjunction (or) of com-
mands. The more complex structure4) — > (B); (C)” represents an if-then-else construct;
if A holds true then execute commaBdelse execute commardd

5.4.1 Transitions Rules

In this section, we present two examples of feature-tremmsitiles. The first example is a basic
propagatiortransrule, which behaves transparently by propagating the incomigmas along
the call path without performing any action. The second gdans a terminatiortransrule,
which terminates the call attempt if the target address nestan address found on the feature’s
blocking list.

Example 5.4.1.Transparent Feature-Transition RuleBlockT transrule

A transrule is executed every time a new feature is addecdetodh path. ThiBBlockT tran-
srule executes only if 1) the executing featurdleckT, 2) its input signal is of typsetup 3)
the call is in thecAdd stage, 4) thesetupsignal is in the source region, and 5) tis®urceand
Zone parameters are equal. These constraints are expresseches 8-5 of Figure 5.4. Re-
call that each call stage is formed by combining its name agdas routing data, so thaCS =
csName(Region, Zone, Source, Target, Alias)

When a target (source) feature is entered while the calhaptels in the source (target) zone,
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transrule(CList:CallID, CList:InSig, NextCS, QutSig):-
1 %transrule entry constraints and

2 %useful variables extracted fromthe input

3 CList:CalllD: OFL: Feat N = Bl ocksS,

4 ClList:InSig:SigT = setup,

5 CList:CalllD:CS = cAdd(source, Src, Src, Tgt, Al),

6

7

8

%is this call blocked?
(checkSubl nf o( out bl ock( Src, Tgt, bl ock)) ->
9 ( %Dblock call attenpt

10 Qut Si g: SigT = errorBl ock,

11 QutSig:Dir = rev,

12 Next CS = cEnd(source, Src, Src, Tgt, Al)
13 )

14 ( % propagate call attenpt

15 Qut Sig = CList:InSig,

16 NextCS = Cal |l I D: CS

17 )

18 )

Figure 5.5. BlockS Transrule (Initialization Source Zone)

then the feature behaves transparently. Hence, wheBltiek T feature is added to the call path
in the source region, the feature behaves transparentlydygnating both the current call stage
and input signal (lines 9-10) unchanged. The TP model thels #ldis feature to the call path
and passes the output signal to the next feature in the c#il.pa

Example 5.4.2.Abort Call Feature-Transition Rule:BlockS transrule

In this example, we consider tBockS transrule that executes when the feature is added to
the call’s source region. Thisansrule executes only if 1) the executing featur8iscksS, 2) its
input signal is of typesetup 3) the call is in thecAdd stage, 4) thesetupsignal is in the source
region, and 5) theSourceand Zone parameters are equal. These constraints are expressed on
lines 3-5 of Figure 5.5. When this feature is first added todhl path, it checks to determine
whether or not this call attempt should be terminated or oorgd.

On line 8,BlockS transrule checks the subscriber databaBeatData to see if the subscriber
of zoneSrcblocks outgoing calls to target zofigt. If the call should be blocked, then this call
is aborted by returning an error message back along the distadd call path and by setting the
call status tocEnd (lines 10-12). OtherwiseéBlockS transrule continues the call by behaving
transparently and propagating both the current call stagwl anput signal (lines 15-16). The
routing algorithm then adds this feature to the call path aadtinues the output signal into the
next feature in the call path.
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5.5 Updating the Call State

Once the feature transition rule has been applied, theiti@ms effects are used to modify
the call state, which simulates the progress of the call. Gdilestate is updated by filling the
NextCalllD data field using the potentially modified contents of the eniricall stateCalllD
and the input signalinSig, together with the transition rule outputs. Most of the datlds,
such as the call name, do not change when the call state isaahda the correspondir@alliD
data fields are copied inthextCalllD. The transrule output parameteNextCS is used to
set theNextCalllD:CS data field, since this value reflects the changes imposedeoauttient
call segment by the feature transition rule. Under certalhscenarios (e.g., call initialization,
call redirection), new values ddextCalllD data fields are specifically generated by the feature-
transition rule.

During call initialization, when dransrule executes in response tosatupsignal, many of
the call-state data fields need to be set to reflect the addifiaghis new feature or interface
component to the call path. TI@FL :Posvalue is incremented by 1 and the executed feature or
interface component is appended to the endlef . The SegStgdata field is set to beAdd to
reflect the updated progress of this call segment, and igyetbonly when a new call segment is
generated, the call attempt is terminated, or an end devieached. FinallyCritHis is updated
to reflect any criterion principle violations that occur witbe call stag&lextCSis added to the
call environment.

When a call redirection occurs, the generation of @ data field is more complex. For
example, consider the call scenario where Sally placesldaoccabm, and where Sally’'©FL
is [Init, Auth, RedirectS, Alias, Network]. As thesetupsignal initializes this call attempt,
the signal progresses through Sallyisth feature. Next Sally’®RedirectS feature is executed
and the call attempt is redirected, so that it passes thr8adjif's Work address before the call
continues to Tom’s address. The redirection prevents theution of any remaining features in
Sally’s address, thus Sally@FL must be updated for this call path, such thatAliasS feature
is removed from théOFL. Next, the call attempt is routed by the network into Sallysrk
address, which triggers the billing feature; and @EL is updated to include thBelegate
and Present features associated with this address, such@¥dt = [Init, Auth, RedirectS,
Billing, Auth, Delegate, Present, Network]. This step is also repeated when routing the call
to Tom’s address zone, so that his features can be addedcaltipath.

When all of theNextCalllD data fields are defined, the paidxtCalllD, OutSig] replaces
the pair [CalllD , InSig] in the list of call statesCList, readying the model for the next transition
step for this call segment. ThéextCalllD data field updates the call identifier for this call
segment and th@®utSig records the input signal that is received as input to the trarsition
rule.

When atransrule outputs aNewCalllD, the TP model uses a set of default values to set
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any undefined data fields: the data fie@isll Name (CN), CS, andOFL are always explicitly
defined. The data fiel8egStgdefaults tosAddindicating that this new call state is building the
call path,AFL defaults to an empty list since no features have yet beerneajpia the new call
state, andCritHis defaults so that each criterion violation contains a codrgeno indicating
that no criterion principle violations have yet occurredhis simulation of this call state. The
completedNewCalllD is appended to the modifi€tlist (whereNextCalllD replacedCalllD ),
finalizing the effect of thigransrule on the call simulation.

After atransrule is executed an€List is updated, the TP model continues simulating tran-
sitions until all of the possible transitions have been iggptio every call segment i@List. The
call selected for execution in the next transition step @seim based on the output generated by
the last executettansrule. If the OutSig andInSig of the last transition rule are equal, then,
to represent “instantaneous signalling”, the generated|[peextCalllD, OutSig] is selected;
otherwise, the TP model selects a p&a[liD, InSig] from the updatedCList, whereCalllD
represents an executable call segment. In the situationewdteansrule outputs two distinct
signals, the first signal is simulated to completion befbeertext signal is executed.

Once all of the possible transition steps have been apghed] P model has completed its
evaluation of all calls irCList. The TP model then begins backtracking and executes otlser po
sible transitions (i.e., different feature data sets gtéht feature-transition rule executions) until
an exhaustive search has been completed for this orderifepatfre categories. At this stage,
Prolog backtracks even further and generates a differemiygation of the feature categories
and evaluates the call scenarios for this ordering.

5.6 Principle Assertions

Principles represent necessary (constraint) and desirable (crijebehaviours of the cate-
gories and the overall system. The principle assertionsamP model test for the existence of a
principle violation, which indicates that a feature intgran can occur. As described in Section
5.3, the execution of the TP model tests principle assestidmenever a new feature or interface
component is added to the call path. In general, the majofiprinciple assertion tests will not
detect a violation, since feature interactions are thep@e rather than the rule.

A constraint principle represents required or prohibited behaviour. When a cains{wrinci-
ple assertion is violated, the call has reached an unadiestate. No optimal feature ordering
allows the possibility of a constraint violation, hence dad is considered to be invalid (failed)
and the executed subset of this ordering is added t€tmVioList and removed fronfrreeVi-
oList.

Criterion principles represent desirable feature and system properties. Aioriteiolation
IS not as severe as a constraint violation and is treatedlikarning. As such, the existence of
a criterion violation does not automatically result in thhdering being considered invalid. After
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all possible call scenarios for this ordering have been kitad, the ordering is removed from
FreeVioList. The process continues until all feature category ordsriraye been simulated, at
which pointFreeVioList is examined. If there exists at least one orderingreeVioList, then

a violation-free ordering exists and the element$igeVioList form the partial ordering for
this set of categories. However,RfeeVioList is empty, then the ordering i@ritVioList with
the smallest criterion count is selected and addedltavCritList ; this ordering is the optimal
partial ordering for this overly-constrained set of catégm

Example 5.6.1.Abortion Constraint Principle Assertion

The Abortion Principle Assertiomportion, depicted in Figure 5.6, can only be violated when
the call is redirected, via the network, to a blocked addrd3werefore, we verify that the call is
in thenetLink stage (line 2). Line 3 extracts the name of the call, and |B&4 test whether or
not this call has reached the netLink stage incorreddgortion checks the subscriber database,
FeatData to see if the subscriber of this address zone, Zone, sitescto a blocking feature
(BlockS, or BlockT). If the blocking feature is subscribed to, thabortion queries the sub-
scriber databaseleatDatg to see if the appropriate routing address is on the blocHisiy If
the call should have been blocked, then the assertion veiiirdine 23 andsetConPrinValues
will record the information related to this constraint vation.

Example 5.6.2.Personalization criterion principle Assertion

The Personalization criterion principlegersonalization, depicted in Figure 5.7, is tested
whenever the call is in theAdd stage and the last feature applied to the call path wag\bas
feature (lines 3-6). Line 7 extracts the name of the call andd 10-12 test whether or not the
subscriber of this address zor#pne subscribes to any features that have requested access to
the alias field. Line 12 determines if any of the subscribBr&tures,FList, are features that
can accesg\lias information, which are identified in the sAtiasL, and returns these features
in AliasAcess Thepersonalization assertion then tests the call databa€aJIDB, to see if any
of the identified features in AliasAccess have already sexicall information. If information
has already been recorded, thdatatestletermines whether or not the aliad, has been prop-
erly recorded, which is unlikely unless no mapping existéHis call scenario. If the recorded
Alias information does not match, therparsonalization violation has occurred. In this case,
recordCritVio records information relating to this criterion violatioas shown on line 18.

5.7 Understanding the Output

This section describes the output generated by the TP n&idding with the lists that identify
principle violations and the resulting set of optimal featarderings. To enhance the usability of
the TP model, we implemented an option to generate call tnegésignal tables, which represent
each call scenario simulated by Prolog. These call treewdlie user to verify that all expected
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abortion(CList:CallID): -

1

O~NO U A WNDN

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

%transrule entry constraints and vari abl es extracted fromi nput
CList:Call I D: CS = netlLink(Reg, Zone, Src, Tgt, Al),
CList:Call |l D CN Cal | Nane,

% test based on the region to determne if this call has been bl ocked
(Zone = source ->
( %check the feature data of the current zone to see
%if the call to the target or alias should have been bl ocked
checkSubl nf o( f eat ures(Zone, FLi st)),
nmenber ( Bl ockS, FLi st),
( checkSubl nf o( out bl ock( Zone, Tgt, bl ock));
checkSubl nf o( out bl ock( Zone, Al , bl ock))
)
)
( % check the feature data for the current zone to see
%if the call fromthe source should have been bl ocked
checkSubl nf o( f eat ur es( Zone, FLi st)),
menber (Bl ockT, FLi st),
( checkSubl nfo(i nbl ock(Zone, Src, bl ock));
checkSubl nf o(i nbl ock( Zone, Al , bl ock))

) ) ).

% an abortion violation has been found record i nformati on
set ConPrinVal ues(CList:CalllD,’" ABORTION ).

Figure 5.6. Abortion Constraint Principle Assertion
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personal i zation(CList: CalllD, A dCNane) : -

1 %transrule entry constraints and

2 %variables extracted fromi nput

3 CList:CalllID:CS = cAdd( Reg, Zone, Src, Tgt, Al),

4 %if nost recently applied feature is an alias feature
5 last( CList:CalllD: AFL, Feature ),

6 (Feature= AliasS; Feature= AliasT),

7 CList:CalllD CN = Call Nane,
8

9 %get the list of all features that can record the alias information
10 checkSubl nf o(f eat ures(Zone, FLi st)),
11 subscri berInfo(AliasL, PresentlL, Loggi ngL, EndAccL, Accessl),
12 special I ntersection(FList, AliasL, Ali asAccess),

14 % has any feature in AliasAccess recorded non-aliased information
15 b_getval (cal | DB, Dat a),

16 dat aTest (CNane, Al i asAccess, Dat a, Al ),

17 % a personalization violation has been found record information
18 recordCritVio(CList: CalllD,per).

Figure 5.7. Personalization criterion principle Assertio n

calls have been simulated and to visually confirm the cah p&ing which a principle violation
has been found. These call trees can be manually studieatateland explain why a violation
has occurred or to verify the presence of an expected voolath a given call path.

The main purpose of the TP model is to output the set of acbkptnd optimal feature
category orderings. To this end, the TP model outputs thewalg lists:

ConViolList: a list of all feature orderings known to cause a constraisiation.
CritVioList: a list of all feature orderings known to cause a criterioration.

AllowCritList: a list of all feature orderings known to violate one or morigecion principles
that have been acknowledged as optimal orderings, whictedlerlallowable orderings
The AllowCritList will only contain orderings when the system is unsatisfigbleerly
constrained) with respect to all of the principles (i.e.anltheFreeVioList is empty).

FreeVioList: a list identifying all optimal feature orderings, which dot contain any known
principle violations.

The evaluation of TP model and its results are detailed irpina.
Next, we expand on an optional output that has only brieflynbeentioned-call trees. The
call trees are optional output that the user can analyzdpainelerstand how the call simulations
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are executed. Aall tree is the visual representation of a set of paths, through aseginent,
that are generated using the same call scenario. The ealhtrdes are the features and interface
components found in the call segment. Each call tree dispraytiple types of information, such
as the location where new signals are generated, generawrof call segments, how the call
segment is linked to other call segments, and the existeincenstraint or criterion violations.
The call tree is oriented so that signals sent from calleatlee (i.e., in a forward direction) are
passed down the call tree, passing between features amhagteomponent, following one of
the branches. When signals are sent in reverse, from callealkee, they are passed upward
along the branches. To ease the task of following generaggdls through a call tree, the
TP model outputs a signal table (see Section 5.1) that redbw flow of signals through the
features and interface components in each call path. Flg@ris a call tree for the call segment,
calllaBbS2, and the three different branches indicatdhigatall segment explored three unique
call paths.

When generating call trees, the TP model uses a call namiegrsethat concatenates abbrevi-
ations to generate call segment names that correspond talthEaths they represent. Consider
the example calllaBbSrS4 from Figure 5.8. The call name meigded by concatenating the
name of the call instance (calll) entered into TP model byies; with abbreviations (aBbSrS)
that represents the feature orderindigsB, blockS redirect$; and with abbreviation (4), which
represents the fourth of eight possible sets of feature datshis example, S at the end of a
feature name signifies that tiBRF represents a source-region category, whereas a B at the end
of a feature name signifies that tBRF is active in both the source and target regions. Similarly,
a T at the end of a feature name signifies that@Rd- represents a target region category.

When call segments are linked together, the flow of the sgmativeen the call segments must
be monitored and controlled. Three different methods fukitig together call trees are used to
represent the linking of call segments into calls. An exanigpbiven below (see Example 5.7.1).
The following symbolic notations denote these methods:

6&: Standard connection Consider a standard call scenario whstély callsTom. When the
call passes througHBally’s Multiplex feature, a new call segment is formed, so that we
have call segmentl from Sally's end device to théultiplex feature and call segment
B containing the rest of the call path. Whene&tlly sends a signal in the forward
direction, it travels along both segmeatand B in the forward direction as the signal
propagates towardSom. The signals also retain their direction when a signal i sen
reverse fron¥’om to Sally. Hence, a standard connection is used when signals flow in the
same direction between the linked call segmentsi © B : aforward signal sent
along call segmendt will continue in a forward direction along call segméht Similarly,
reverse signals along are continued in reverse alonyg
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true

setup] -1

|
Auth(cTina)

Alias

BlockS

RedirectS

|
Billing

nSally
nTina

Exists(nTina)

Auth
|
Billing
EndDevice(nTina, eTina) EndDevice(nTina, eTina)
avail 7 - 10 unavailT- 14
setup| - 11 no constraint violations
|
Path 11
Answer(eTina) Answer(eTina)
answer| - 12 rngTO| - 13
no constraint violations no constraint violations
| |
Path 9 Path 10
Signal Table folPath 10 of calllaBbSrS4
Module Signal 1 Signal 10 Signal 11 Signal 13
Auth(nSally) - Dialled(cTina) setup| avail ringTO7T
AliasS(nTina cTina) setup| avail! ringTOT
BlockS('not blocked’) setup| availl ringTO?
RedirectS('no redirection’) setup| avail! ringTOT
Billing setup| availl ringTO?
Exists(nTina) setup| avail! ringTOT
Auth(nTina) setup| availl ringTO?
Billing setup| avail! ringTOT
EndDevice(eTina) - avail setup] availt ringTO?
Answer(eTina) - ringTO setup| ringTO
Figure 5.8. The call scenario, callaBbSrS4 explores the category ordering [ Alias,
BlockS, RedirectS] together with the following set of feature data: [Alias(nT ina,cTina),

block(nTina,noblock), redirect(noRedirect)]. The signa
among features in the middle call path (Path 10). The
tures, starting from the top of the call tree, until the end de

| table shows the passing of signals
setupsignal is sent through the fea-
vice is reached and an avail signal

is sent in reverse. The Setupsignal is continued and awaits a response from the user. When
the user does not answer, a  ringTO is generated and sent in reverse.
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®: Incoming connection Consider that whil&'ally andTom are talking (as given in the exam-
ple above)Charlie initiates a new call t&bally. The setupsignal fromCharlie travels
forward along call segmerdt until it reachesSally’s Multiplex feature (the same multi-
plex feature is used in every call involvirilly), which is at the end of call segment
In order for the signal fron€'harlie to travel towardsSally’s end device, théultiplex
feature must reverse the signal as it is sent along segrheimilarly, if the Multiplex
feature forwards an outgoing signal (i.e., away fr8nily’s end device), then the signal’s
direction must be reversed as it enters segmeériience, an incoming connection is used
when an inbound call segment links with an existing call sexgtywhich was also an in-
boundcal. A & (C : aforward signal sent along call segmehtvill be sent in
reverse along call segmefit and a reverse signal sent along call segnaewill transition
towardsA’s end device and not reach call segmént

@: Outgoing connection Consider a call betweefally andTom, whereT om subscribes to
the Multiplex feature. This call uses a standard connection to compoksegghentA,
which contains the call path froally’s end device upto but not includirigom’s Multi-
plex feature, and call segme, which contains the remainder of the call path. Suppose
thatTom uses hidMultiplex feature to callCharlie. Tom sends a signal in reverse along
segmentB to trigger theMultiplex feature, which initializes the new call attempt by send-
ing a setupsignal along a new call segment towardsarlie’s end device. The signal
leaves theMultiplex feature in the reverse direction, but transitions alongreegC in a
forward direction as the new call segment is generated. &jemt outgoing connection
is used when two outbound call segments link together to forronnection.” A &
¢ :aforward signal sent along call segmenwill not reach call segmerit' and a re-
verse signal sent along will transition towardsA’s end device and not reach call segment
C.

Example 5.7.1.Trees linked via the Standard Connection

When an existing call segment generates a new call segrherdppropriate link operator is
added at the top of the new call segment and at the top (i.eonimg connection) or bottom
(i.e., standard or outgoing connections) of the existinij gsgment.

In Figure 5.9, the symbab indicates that the call segment calllbSrS3 is linked to e c
segment calllbSrS3-r, and that the two call segments hatandard link connection.

The signal table in Figure 5.9 corresponds to the first callipéPath 3) found in the corre-
sponding call tree. The table shows that each node in thepedh first receives aetupsignal
(starting with the node found at the top of the call tree). Whiee setupsignal reachefRedi-
rectS, the feature responds by issuingedirectsignal that forwards the call to a new address.
This redirection spawns the creation of a new call segmemtt s corresponding call tree, which
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Path 3

|
e

true
setup]

|
Auth(nTina)

|
BlockS

|
RedirectS

redirection
applied’

Path 6

|
o

Path 8

|
o

calllbSrS3-r calllbSrS3-r calllbSrS3-r

Signal TablePath 3 (3 + 4) for call1lbSrS3

Module Signal 1 Signal 5 Signal 8
Auth(nSally) - Dialled(nTina) setup] availt answef
BlockS('not blocked") setup] avail! answef

. Redirection .
RedirectS(nSallyWork) call1bSrS3- avail! answef

Figure 5.9. A call scenario,
RedirectS. In this scenario,

linked via a standard connection

belled with the corresponding path number from the connecte

travel along the different call trees. The information foll

cates that Path 3 along this call tree is joined with Path 4 fou
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call1bSrS3, where the source address subscribes to

BlockS does not block the call. However,
to the setupsignal and redirects the call through another source addres
generates call path call1bSrS3 — r and is shown in Figure 5.10. These two call trees are
© to form a complete call path. The signal tables are la-

d tree to show how the signals

owing the Path 3 label, (3 + 4), indi-
nd on the linked call segment.

BlockS and
RedirectS responds
s, nSallyWork, which



calllbSrS3-r
©

redirectBypass
redirect| - 4
redirect -
delegate call to

|
exists(nSallyWork)
|

auth

|
billing

nSallyWork
nTina

exists(nTina)

auth
|
billing
endDevice(nTina, eTina) endDevice(nTina, eTina)
avail7 -5 unavailT -9
setup] - 6 no constraint violations
|
Path 7
answer(eTina) answer(eTina)
answer| - 7 ringTO | - 8
no constraint violations no constraint violations
| |
Path 4 Path 5
Signal TablePath 4 (3 + 4) for callLbSrS3-r
Module Signal 1 Signal 4 Signal 5 Signal 6 Signal 7
not applied noMoreFeatures
and remaining Features, setup] setup availt answet
redirect
exists(nSallyWork), authentication|- .
setup setup] availt answef
auth(automatic) setup] availt answef
billing setup| availt answef
exists(nTina) setup] availt answef
auth(nTina) setup| availt answef
billing setup] availt answef
endDevice(eTina) - avail setup| availt answef
answer(eTina) - answer setup] answef

Figure 5.10. The second call tree, call1bSrS3-r, resulting from the call scenario, where the

source address subscribesto  BlockS and RedirectS. See Figure 5.9
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is identified in the signal table for easy reference.

The call trees seen thus far have not resulted in any primaiflations. In the next two
examples, we present how the call trees output by the TP nsbdel the presence of a constraint
or criterion principle violation.

Example 5.7.2.A Call Tree with a Constraint Violation
The call tree in Figure 5.11 is a result of a single call witret@RFs Alias and BlockS
subscribed to in the source address.

true
setup|

|
auth(cTina)

|
BlockS

Alias
ABORTION
FAILED

|
Path 1

Figure 5.11. A call scenario, where the source address subsc ribes to BlockS features and
Alias features.

An abortion principle violation is found in the call tree shown above.isTtiolation occurs
because when theetup signal is received bBlockS, the dialled codecTinahas not yet been
translated into its corresponding network address, andctte is not found on the blocking list.
Next, Alias translates the dialled code into the network addra3ga and continues the call
attempt towards the network. However, the dialled nhunmd@nawas onBlockS’s blocking list
and the call should have been blocked. Consequentlglibgion principle is violated. The TP
model terminates further exploration of this call scenaaia all other call scenarios with this
same ordering.

Example 5.7.3.A Call Tree with a Criterion Violation

Severalpersonalization principle violations are found in the call tree shown in Figlb.12,
one in each of the call paths. These violations occur bec#tuspresent CRF executes the
setupsignal before thé\lias CRF and hence displays to the user the informatidina, instead
of the personalized informatiariTina Since this is a criterion principle violation, we continue
exploring the remaining call paths.
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true
setup|

|
auth(nTina)
|
billing
nSally
nTina
exists(nTina)

auth

Present
|

Alias

|
billing

endDevice(nTina, eTina)  endDevice(nTina, eTina)

avail 1 - 12 unavail7 - 16
setup| - 13 PER(failed)
|
Path 9

answer(eTina) answer(eTina)
answer| - 14  ringTO| - 15
PER(failed) h  PER(failed)

| |
Path 7 Path 8

Figure 5.12. A call scenario, where the target address subsc ribes to Present features and
Alias features.
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The different paths depicted in a call tree are formed whé&argsrule has multiple execu-
tion options. Prolog chooses non-deterministically betwihe execution options and continues
processing the call. When Prolog finishes simulating thereallting from the first execution
option, it backtracks the simulation and chooses a difteegacution option. In Figure 5.8, we
see that th@ransrule executed at the target’s end device has two possible erecafitions:
one where the end device is availabd@dil), and the other where the end device is unavailable
(unavail, resulting in two call paths 9 and 10.

Once the backtracking for theansrules are complete, TP model backtracks and selects an-
other feature data set, which generates a new call tree. richeesult is that TP model generates
a call tree for every possible feature ordering combinedth witery possible set of feature data
(except those orderings where violations are known to exigtere all possible feature data
sets for a particular feature ordering are explored befarevafeature ordering is selected. The
TP model also explores all paths through the feature tiansitiles that simulate actions such
as different callee responses, which together with expdpaill feature ordering / feature data
value combinations ensures that all possible call pathsiarelated. In Section 5.8, we present
optimization methods that reduce the actual number of ealigpexplored.

5.8 Optimizations

The previous sections describe the TP model in terms of Biegr@ll possible call paths.
In fact, several optimizations were implemented in the TRIiehdo reduce the search problem.
Each optimization reduces the number of call paths seatmhadoiding exploration of call paths
whose sequence of feature categories contains a subsedu®wn to result in a violation.

5.8.1 Constraint Optimizations

When a feature ordering is known to cause a constraint wwolathis ordering and any larger
orderings containing this ordering as a subordering arenddeunacceptable. Treonstraint
optimization method is designed to prevent the simulation of any future call paltfat contain
a subordering known to result in a constraint violation. €aestraint optimization method tests
the input feature ordering against the orderings foun@amVioList to determine whether the
input feature ordering is unacceptable. When the ordesmigeémed unacceptable, the call path
is not simulated. The constraint optimization method islengented immediately after a feature
ordering is chosen for use in the call scenario and a featati@ gkt is chosen to generate one
of the possible call paths. If the ordering is found to be geptable during the exploration of
the K" feature data set, then none of the call paths corresponditigetremaining k+1 through
n feature data sets need to be simulated. The TP model ceatthe call-path exploration by
backtracking and selecting a different feature ordering.
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If every ordering of a feature set results in a constrainkation, then the system is over con-
strained and must be adjusted either by relaxing one of thstnt principles (i.e., demote a
constraint principle to a criterion principle) or by setfisome of the features in the set to be mu-
tually exclusive, thereby preventing all of the featuresrirbeing subscribed to simultaneously.

5.8.2 Criterion Optimizations

We also designed and implementedréerion optimization method to reduce the explo-
ration of call paths whose feature ordering contains a slésorg known to cause criterion vi-
olations (found inCritVioList ). The criterion optimization method is performed immeelat
after the constraint optimization. The constraint andecidin optimization methods differ be-
cause criterion violations are not critical to proper sgstxecution and may be possible in an
optimal ordering.

A criterion violation is found in the optimal ordering onlyhen there is no category ordering
that is violation free (either constraint or criterion).rfexample, if both the category orderings
[A, B] and [B, A] cause violations, then no ordering of anyti@@ set containing A and B
can satisfy all of the principles. We call such a featureusesatisfiable When a feature set is
unsatisfiable, each of the optimal orderings will suffenfrat least one known criterion violation.

As discussed in Section 5.7, when the system is unsatisfeddlowable orderingis chosen
that minimizes the number of criterion violations that cacwr and this ordering is placed in
AllowCritList . During call simulation, amunsatisfiability test is performed whenever a new
ordering is added to eith@ritVioList or ConVioList. If adding this new ordering indicates that
the feature set is unsatisfiable, then at least one allowablering must be selected, although
multiple equivalent orderings can be chosen. Once detednitneallowable ordering(s) is
removed from th&ritVioList and added to thAllowCritList , so thatAllowCritList , which is
now the set of optimal features, contains ordered featusetBat are known to cause criterion
violations, but which have been deemed acceptable forsrmaiun the optimal ordering.

The criterion optimization method is designed to reduce testing of call paths containing
criterion violations, while still gathering enough infoation to accurately determine the allow-
able ordering, should the feature set be found unsatisfiaiite method references the global
variablesFreeVioList, CritVioList , ConVioList, andAllowCritList together with the feature
ordering FeatOrd, which caused the criterion violation, and its correspogdiriterion viola-
tion count,CritCount. The general algorithm for the criterion optimization neths given in
Figure 5.13.

During call simulation, when a criterion violation is fournde cannot simply stop execution of
a call path, as is done for constraint principles. Insteagnvark the feature ordering as having
been violated and continue simulating the call. Our caterptimization approach works by
determining when to mark a feature ordering as being vidlat#ile continuing call simulation,
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critOptim zation(FeatOrd, CritCount): -

1 nenber(pernutation(FeatOrd), FreeVioOrder) ->

2 % there exists an acceptabl e pernutation,

3 % add violation - set is not be unsatisfiable

4 ( addCrit(FeatOrder, CritCount)

S );

6 % no acceptabl e pernmutati ons of FeatOrd

7 ( menber (permutation(FeatOrd), CritViolList) ->

8 % ot her pernutations already in CritVioList

9 ( perntmal | Count (Feat Ord, Snmal | Count, CritVioList),

10 ( CritCount < Small Count ->

11 % mark criterion and continue call path exploration
12 ( markCrit(FeatOrd)

13 )

14 % Feat Ord has a | arger count than the snmallest existing
15 % add violation and performunsatifiability test

16 ( addCrit(FeatOrd, CritCount)

17 )

18 ) )

19 % no pernutations - mark and continue call path exploration
20 ( markCrit(Feat Ord)

22 ) ).

Figure 5.13. Criterion Optimization Method
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and determining when to accept a criterion violation asladaordering, so that it is unnecessary
to explore further call scenarios for this ordering.

The criterion optimization method is applied at two poinisidg call simulation, first imme-
diately after the criterion violation is identified and sedavhen all call scenarios for this feature
ordering are complete. The algorithm works by considermggdreviously simulated feature or-
derings to determine if this set of features can be unsdilsfiar if this feature ordering could
potentially be the allowable ordering should it become Beagy to identify such an ordering. If
the answer to either of these questions is no, then no fuetiidoration of this feature ordering
is required and we reduce the number of call scenarios stetlla

In Figure 5.13, the details of the criterion optimizatiopegach are shown. The function takes
as input a feature ordering,eatOrder, that is known to violat€'ritC'ount criterion violations.
The function starts on line 1 by determining whether or na possible for this feature set to
be unsatisifiable: if there is a permutation of this featwetfeund inFreeVioList, then there
is an ordering with no principle violations and hen€eatOrder can be added tQritVioList
(line 4) without any further exploration required. Simijaon lines 7-10, we test to see if there
exists a feature ordering @ritVioList that is a permutation af'eatOrder and whose criterion
violation count is strictly smaller thafiritCount. If this is the case, then this permutation will
be chosen as the allowable ordering, if such an orderingggired. This method is designed
such that any ordering that might be chosen as the allowabériag will always be completely
simulated before being added to WigtVioList . Consequentlyl'eatOrder does not need to be
explored any further and is addedQ@oitVioList (line 16). Otherwisef'eatOrder is marked as
violated and the call simulation is continued.

5.8.3 Pairwise Optimizations

Most feature interactions can be detected by analyzing péieatures, hencepairwise op-
timization method was constructed. This method splits the TP model analysitha before
simulating call paths involving a full set of features, thé Model first generates all possible call
paths that contain only pairs of the features. When a pagreadl path identifies a constraint or
criterion violation, the information is added to the apptafe violation list while adhering to the
above optimization methods. When the TP model completesxéeution of the pairwise opti-
mization methodConVioList andCritVioList are populated with the majority of the orderings
that result in constraint and criterion violations, regpety.

Now when the TP model begins to simulate the call paths camgrifull feature sets, the
basic violations identified through the pairwise analysi ased by the constraint and crite-
rion optimization methods to greatly reduce the number tfsized call paths simulated. No
full-sized call path that contains a subordering (pairyfdin either theCritVioList or theCon-
VioList will be simulated. The resulting reduction in the numberaif paths explored varies in
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effectiveness based partly on the order in which the caligpate generated. For example, if a
violation is found when simulating feature data $etf m, then there is a savings of — 1, as
none of the remaining subsets are simulated. However, i$ainee violation is not found until
executing then!” set, then the savings are nonexistent.

Given a set of: features, the cost of adding the pairwise analysis is qtiadrax (n — 1)),
but if a single violation is found during this analysis, thitve number of call paths simulated
with the full set ofn features 4! orderings) will be reduced by halfi.{/2 orderings explored),
since exactly half of the full orderings will contain the sublering that leads to the violation.
Each additional violation found will again reduce the numbikfull orderings that need to be
simulated, usually by half. Thus for values of > 3, the cost of the pairwise optimization
method (that explores an extrax (n — 1)) pairwise orderings) is small compared to the savings
in avoiding the exploration of related full-sized ordesng

5.9 Chapter Summary

In this chapter, we described the Prolog model designedralaie a telephony environment
in which we could implement our feature categories and fples to automatically generate a
prioritized ordering for the categories. We began in Secid with a general overview of the
design of our TP model. In the next section, we introducedrtbdelling abstractions used within
our TP model. Section 5.3 outlines the execution behavibaunTP model for a given input of
feature categories. In Sections 5.4, 5.5 and 5.6, we exatinébehaviour of the features, call
state, and principles, respectively. The output genelaggtle TP model is described in Section
5.7. Finally, in Section 5.8 we describe the optimizatiossdiby TP model to reduce the number
of computations required.
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Chapter 6
Evaluation

This chapter evaluates the effectiveness of our catedmmizapproach and analyzes the results
of the TP model presented in Chapter 5, using the categarepranciples identified in Chapter
4. In Section 6.1, we present two case studies that genaratiyporderings using the TP model.
In Section 6.3, we analyze the cost savings of using the ca#gion approach to reduce the
number ofcategory orderinggxplored, while Section 6.4 details the savings with resfmethe
number ofcall scenariosexplored. Finally, in Section 6.5, we summarize the analgéthe TP
model and discuss the limitations of our categorizatiormaagh.

6.1 A Case Study in Telephony

To evaluate the TP model, we surveyed over 350 home-basaddsdaken from different
sources including the feature interaction benchmark [t@,second feature interaction contest
[31], and from industry sources, such as Nortel and 3ComdlL,Bur goal was to prioritize the
feature set subscribed to by traditional users. Conselyyer@ did not include in our evaluation
those features that are involved in data services, suctxas,far Internet-related features, nor
did we evaluate those features used in call-centers. Frarséh of features, we were able to
categorize 268 of the 352 features. The 84 uncategorizéarésafell into one of three main cat-
egories: emergency features; end-device features, whichrecoded into the end device, such
as on hook (hands-free) dialling [39]; and administrateatfires, such as the ability to add or
remove features from a user’s subscription list. The enmergéeatures are not covered in this
case study because emergency features are complicatedwsmtdenmanually evaluated and
prioritized to ensure that they adhere to the necessary dochnational regulations. The end-
device and administrative features are not covered in the stdy because they are located in
their own special address categories, distinct from theesddcategories containing the majority
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of features: Recall that a call is partitioned into multiple address gatis, with the features or-
dered with respect to other features in the same address Ebisedecomposes the prioritization
problem into address zones, since each address zone hasitsaering.

Table 6.1 shows how the remaining 268 features are splitlibtof the categories described in
Chapter 4. The features listed in the different sourceshdftere overlapping functionalities or
descriptions (e.g., each source describes at least ong\aiihg feature), although each feature
will have different implementations. In the TP model, we shaot to test all the categories
described, since some categories have no effect on theiaddress zone (e.g., tiemote X
categories) and so our principles do not apply to these cageg Other categories, suchs-
able, simply turn off the functionality of another category. Tésaluation of these call scenarios
is already simulated by our model, based on whether or notdtegory executes its function-
ality when it is found in the call path. Moreover, these feasuhave no effect on the progress
of the call attempt with the exception of how the effectecgaty behaviour is modified. Table
6.1 also shows the breakdown of features from differentcEsuand the categories into which
we classified the features. When a category is partitionexlsaurce and target features, the
total number of features is expanded to show the breakdotwelea the two distinct categories
(number of source features, number of target features)e thatt the total number of features is
higher than 268, because many features have multiple goalsare thus “implemented” as two
or more features, as described in Section 2.3. For exammieg $eatures that redirect call at-
tempts can be botRedirect andDelegate features, while some features that block call attempts
may beFilter features as well aBlocking features.

In the TP model, described in Chapter 5, we noted @RFs are created to represent each
of the 11 categories found in Table 6.1. Recall that all of shbscriber’s features must be
present in every call because the role played by the sulesqhller, callee) can change during
a call, due to the presence of bound (iMultiplex) features. Thus, the potential list of cate-
gories to be prioritized includes both the source and targetions of each category where the
source and target versions of some categories are cleatlpati For example, a feature in the
Source Redirect category redirects outgoing calls through another addmess to add a layer
of abstraction to outgoing calls, whereas a feature inTdrget Redirect category redirects all
incoming calls to an alternate address zone for the purpdseating the subscriber at a differ-
ent location. In other cases, the source and target vergiarcategory can be represented by
a single category an@RF. The Multiplex category is modelled as a singlRF, because this
category represents bound features and because eacle figattinis category is implemented by
a single instance of the feature. As such, this unique featistance must be able to act as both
the source and target version of the feature during any gisénHowever, théVultiplex feature

1Category-based prioritization can be used to prioritizee¢hd-device features within their own address zone.
However, this would require identification of categoried @ninciples for this set of features.
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Table 6.1. Total Feature Count broken down by Category for di fferent Sources.

Category / Source Nortel | 3Com | Centrex Centrex | Bellcorg FIW Total
[39] [1] [40] Plus [41] | [10] Contest

[31]
Original Feature Count 58 59 35 171 17 12 352
Total Feature Count | 64 62 41 199 17 12 395
Percent Uncategorized 14% | 23% | 14% 32% 6% 0%
Uncategorized 8 14 5 56 1 0 84
Alias 6 3 3 13 1 1 27
Authenticate 4 0 0 2 0 0 6
Billing 7 2 2 2 5 2 20
Block 2(0,2)| 2(2,00| 5(2,3) | 4(0,4) 2(1,1) [ 1(,1) |16
Delegate 5 9 5 36 2 2 59
Filter 2 0 0 2 0 1 5
Multiplex 7 4 4 24 2 3 44
Presentation 6 12 1 26 1 0 46
Redial 7(125)504,1)|7@43) |2(1,1) 2(1,1) [ 1(1,0 |24
Redirect 50,5)|6(2,4)| 4(0,4) | 24(0,24), 1(0,1) | 1(0,1) | 41
Set Outcome 1 2 1 5 0 0 9

has two choices for the basBRF representations, one for handling a second call initiayetti®
subscriber (i.e., Three-Way Calling) and the other for tiagda second incoming call received
by the subscriber (i.e., Call Waiting), the chosen CRF walliteentified as such in the following
case studies. For the other categories, we chose to imptehehlias andPresent categories

as singleCRFs, since it makes sense for the source and takjas features to have access to
the same Alias-translation list, and for the source ancet&gesent features to share common
communication functionality. All other categories thavédeatures active in both regions were
implemented as two distin@RFs, where th&CRFs are namegcategory»S or «category»T,
where«category» represents the name of the category and the last letteraitedievhether the
feature operates in the source or target region, respictikis is a design choice on our part,
and we acknowledge that other categories, such aBltking category, could instead be im-
plemented as a sing@RF, or that theAlias andPresent categories could instead be separated
into distinct source and targ@RFs. Our decision resulted in representing the 11 categosies a
14 CRFs. We discovered during the creation of thethentication andBilling CRFs that these
feature categories are best implemented in a differentstadje than the other categories. For
this reason, these two categories are automatically pred with respect to the other categories.
Therefore, although all 1&RFs are implemented, we need to order onlydRFs with respect

to one another. Thus, we will use 12 as the number of categorieur complexity analysis,
since this represents the numbeiGRFs being ordered.
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ConViolList:
[target, [BlockT, FilterT]]

[target, [BlockT, RedirectT]]

[target, [BlockT, DelegateT]]
CritVioList:

[target, [DelegateT, SetOutcome], [fail(3)]]

[target, [RedialT, SetOutcome], [log(1)]]

[target, [FilterT, RedialT], [log(2)]]

[target, [FilterT, RedirectT], [acc(5)]]

[target, [Present, RedirectT], [acc(3)]]

[target, [Alias, RedialT], [per(2)]]

[target, [Alias, RedirectT], [acc(6)]]

[target, [Alias, Present], [per(2)]]

[target, [BlockT, RedialT], [log(1)]]

[target, [BlockT, Present], [pres(1)]]

[target, [redialS, RedirectT], [acc(3)]]

[target, [RedirectS, RedirectT], [acc(6)]]

[target, [BlockS, RedirectT], [acc(6)]]

[target, [FilterT, Present], [pres(1)]]

[target, [DelegateT, Present], [pres(1)]]

[target, [SetOutcome, Present], [pres(1)]]

AllowCritList:
FreeViolList:

empty

[source, [RedirectS, BlocKS]
[source, [BlockS, Alias]]
[source, [RedirectS, Alilas

[targetdtRalT, RedirectT], [acc(1)]]
[target, [DglaeT, RedirectT], [acc(1)]]
[target, [SetOuime, RedirectT], [acc(1)]]

[target, [MultRedirectT], [acc(1)]]
[target, [DedtgT, RedialT], [log(1)]]

[source, [RedireckBulti], [acc(1)]]
[source, [Rediregt SetOutcome], [acc(2)]]
[source, [Redi®cDelegateT], [acc(3)]]
[source, [RemtitS, RedialT], [acc(1)]]
[source, [RedtS, FilterT], [acc(3)]]
[source, [Redit8, Present], [acc(1)]]
[source, [Redi®, BlockT], [acc(2)]]
[source, [ReckS, redialS], [acc(1)]]

[source, i8] BlockS], [log(1)]]

[RedirectT, Multi, Present, SetOutcome, RedialT, Dele@aFilterT, Alias, BlockT, BlockS, redialS, RedirectS]
[RedirectT, Multi, Present, SetOutcome, RedialT, Dele@aFilterT, Alias, BlockS, BlockT, redialS, RedirectS]
[RedirectT, Multi, Present, SetOutcome, RedialT, Dele@aFilterT, Alias, BlockS, redialS, BlockT, RedirectS]
[RedirectT, Multi, Present, SetOutcome, RedialT, Dele@aFilterT, BlockT, Alias, BlocksS, redialS, RedirectS]

... (399 acceptable orderings in total)

[RedirectT, Present, SetOutcome, RedialT, Alias, Blo¢kBerT, DelegateT, redialS, BlockT, Multi, RedirectS]
[RedirectT, Present, SetOutcome, RedialT, Alias, Filt&®dcksS, redialS, DelegateT, BlockT, Multi, RedirectS]
[RedirectT, Present, SetOutcome, RedialT, Alias, Blo¢kEerT, redialS, DelegateT, BlockT, Multi, RedirectS]
[RedirectT, Present, SetOutcome, RedialT, Alias, Block8ialS, FilterT, DelegateT, BlockT, Multi, RedirectS]

Figure 6.1. The results reported for an analysis of a single ¢

all-simulation. In this test the

Multiplex CRF, Multi, is based on the generic behaviour of a Call Waiting feature.

The results of running TP model with all CRFs, to determine the ordering of the CRFs in
the subscriber’s address zone, and with all 9 of our priecgisertions on a single call scenario,
are shown in Figure 6.2. TP model is run with all optimizati¢@onstraint and Criterion) turned
on and with the following simulation pattern:

1. Test all category pairs in target region for a single datidation.

2. Test all category pairs in source region for a single callgation.

3. Test all full-sized category orderings in target regiond single call simulation.

4. Test all full-sized category orderings in source regimef single call simulation.
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Pres
Multi
Shapes: pentagon: Target Features rectangle: Source &Target circles: Source Features
Legend: S X = Source Feature X T X = Target Feature X
Alias: Alias Auth: Autentication Bill: Bllling BLK:Blocking
DEL:Delegate FILT: Filter Multi: Multiplex Pres: Presentation
RDL: Redial RDT: Redirect Set Out: Set Outcome

Figure 6.2. This figure shows the combined partial ordering d etermined using the results
output by our Telephony Prolog Model.

where the principle violation result from each step is usedliminate orderings that must be
searched in subsequent steps. For example, a violatiod fauhe target region during pairwise
analysis will eliminate all full-sized orderings that caimnt this ordered pair during the testing of
all full-sized categories in the target region. In this csisly, theMultiplex CRF simulates Call
Waiting in all call scenarios.

When we merge the acceptable orderings given in Figure Geldesive the partial ordering
shown in Figure 6.2. This partial ordering reflects most efittolations identified during manual
analysis, whose results were reported in Chapter 4. Theaatere that is not ordered according
to the results of the manual analysis is Maltiplex feature. In this case study, we implemented
a single-call simulation, where the subscribed set of featis tested first in the source region
of the call and later in the target region of the call. Conseqly, theMultiplex CRF behaviour
is not fully tested, as only one call connection is preseatiully test this feature, it is necessary
to test call scenarios in a multiple-call environment. Wggast analyzing a single-call simula-
tion and using the results reported by this analysis, sutheaprinciple violation results found
in CritVioList andConVioList, as input to a multiple-connection call simulation to lirthe
exploration required. The result of adding a multiple-saknario is reported in Section 6.2.

Although this case study compares only a single set of featategories, we believe that this
IS a representative example of the problem space, and hieae@pproach should be applicable
to other feature sets.

6.2 An Advanced Case Study in Telephony

We continue our evaluation of the case study performed ini®e6.1 by adding a test that
evaluates a multiple call scenario. In this second case/sivglincorporate a test that evaluates
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every nonMultiplex feature together with Blultiplex feature, where each ordered pair is imple-
mented in a two-call scenario. Specifically, the feature [gaassigned to the source region of
the first call, and then once the first call is establishedsthescriber of the source region using a
feature-specifisignal to generate a new call attempt via kheltiplex feature (i.e., a Three-way
Calling feature is simulated).

ConViolList:
[target, [BlockT, FilterT]] [source, [BlocksS, Alias]]
[target, [BlockT, RedirectT]] [source, [RedirectS, Aljas
[target, [BlockT, DelegateT]] [source, [Alias, Multi]]
[source, [RedirectS, BlockS]]

CritVioList:
[target, [DelegateT, SetOutcome], [fail(3)]] [targetdtRalT, RedirectT], [acc(1)]]
[target, [RedialT, SetOutcome], [log(1)]] [target, [DglaeT, RedirectT], [acc(1)]]
[target, [FilterT, RedialT], [log(2)]] [target, [SetOuime, RedirectT], [acc(1)]]
[target, [FilterT, RedirectT], [acc(5)]] [target, [MultRedirectT], [acc(1)]]
[target, [Present, RedirectT], [acc(3)]] [target, [DedtgT, RedialT], [log(1)]]
[target, [Alias, RedialT], [per(2)]]
[target, [Alias, RedirectT], [acc(6)]] [source, [redialBlockS], [log(1)]]
[target, [Alias, Present], [per(2)]] [source, [RedireckBulti], [acc(1)]]
[target, [BlockT, RedialT], [log(1)]] [source, [Rediregt SetOutcome], [acc(2)]]
[target, [BlockT, Present], [pres(1)]] [source, [Redi®cDelegateT], [acc(3)]]
[target, [redialS, RedirectT], [acc(3)]] [source, [RemtitS, RedialT], [acc(1)]]
[target, [RedirectS, RedirectT], [acc(6)]] [source, [RedtS, FilterT], [acc(3)]]
[target, [BlockS, RedirectT], [acc(6)]] [source, [Redit8, Present], [acc(1)]]
[target, [FilterT, Present], [pres(1)]] [source, [Redi®, BlockT], [acc(2)]]
[target, [DelegateT, Present], [pres(1)]] [source, [ReckS, redialS], [acc(1)]]

[target, [SetOutcome, Present], [pres(1)]] [target, [Present, Multi], [pres(1)]]
AllowCritList: empty

FreeVioList:
[RedirectT, Multi, Present, SetOutcome, RedialT, AliatteFT, DelegateT, BlockS, RedialS, BlockT, RedirectS]

[RedirectT, Multi, Present, SetOutcome, RedialT, Aliakyd&S, FilterT, DelegateT, BlockT, RedialS, RedirectS]

[RedirectT, Multi, Present, SetOutcome, RedialT, AliaitteFT, BlockS, DelegateT, BlockT, RedialS, RedirectS]
... (37 acceptable orderings in total)

[RedirectT, Multi, Present, SetOutcome, RedialT, Dele@aFilterT, Alias, BlockS, RedialS, BlockT, RedirectS]

[RedirectT, Multi, Present, SetOutcome, RedialT, Dele@aFilterT, Alias, BlockS, BlockT, RedialS, RedirectS]

[RedirectT, Multi, Present, SetOutcome, RedialT, Dele@aFilterT, Alias, BlockT, BlockS, RedialS, RedirectS]

Figure 6.3. The results reported for an analysis of a multipl e-call simulation. In this test the
Multiplex CRF, Multi, is based on the generic behaviour of a Call Waiting feature f  or single
call scenarios and in the target region of multiple-call sim ulation, while the generic behaviour
of Three-way Calling is used in the source region for multipl e-call simulations.

The results of running TP model in this second case studyallitth CRFs, to determine the
ordering of the 1ZCRFs in the subscriber’s address zone, and with all 9 of our piaa@sser-
tions on a single call scenario, are shown in Figure 6.4. TBeahis run with all optimizations
(Constraint and Criterion) turned on and with the followsigulation pattern:
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Figure 6.4. This figure shows the combined partial ordering d etermined using the results
output by our Telephony Prolog Model.

1. Test all category pairs in target region for a single datigation.
2. Test all category pairs in source region for a single ¢allgation.

3. Test allnon-Multiplex - Multiplex pairs in source region for a two-call simulation, using
Three-Way Calling.

4. Test allnon-Multiplex - Multiplex pairs in target region for a two-call simulation, using
Call Waiting.

5. Test all full-sized category orderings in target regiond single call simulation.
6. Test all full-sized category orderings in source regmmef single call simulation.

7. Test all full-sized category orderings in source regiond two-call simulation, using
Three-Way Calling.

8. Test all full-sized category orderings in target regiond two-call simulation, using Call
Waiting.

where the principle violation results from each step arelusaeduce the search space in the
subsequent steps. In this case studyMinétiplex CRF simulates Call Waiting in all call scenar-
ios except in the two-call simulation, where Call Waitingused when thdultiplex feature is
found in the target region and Three-Way Calling is used énsiburce region.

Figure 6.3 shows the results output by TP model. The higtédglorderings identify new
restrictions found during the multiple-call simulation.néh we merge the acceptable orderings

2This choice shows a large portion of the flexibility of thetteas in theMultiplex category.
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given in Figure 6.3, we derive the partial ordering shown iguFe 6.4. This partial ordering
adds the newly identified violation that pladdsiltiplex on the subscriber-side éflias.

6.3 Cost Analysis: the Number of Feature Orderings

Our hypothesis is that, by categorizing the features integmies, we can reduce the cost of
determining priority orderings for a set of features. Wecakdted the cost of our category-based
prioritization technique and compared it against the costalitional prioritization methods,
where the number of feature orderings evaluated is used &sune the cost. We use the results
of the first case study in our evaluation to demonstrate tfectefeness of our approach. If
we were to use the second case study in our evaluation, teeeshlts of the evaluation would
show an even greater reduction in cost, despite the extragesquired to generate the multiple-
call simulations, because the number of full-sized ordgérplored is reduced from 399 to 39
distinct orderings.

The traditional approach to prioritizing features is thatbrforce approach that involves the
generation off! features orderings, whergis the number of features to be prioritized. There-
fore, the traditional cost to prioritize 268 features is 26Bhis number is too large to be used
effectively in our discussions; consequently, we use theaf the Nortel feature set [39] (second
column of Table 6.1) for comparison purposes, so our "fulldefeatures is of size 58 and the
traditional cost i$S8! ~ 2.3 x 10™®. Each ordering is tested in both the source and target region
of a call to explore the ordering’s effect in different regso

Using our categorization approach, the cost to order tharfesis the cost to order theCRFs
(n!), plus the cost to categorize the featurgy, plus the cost to order each of the category’s

feature sets:z C;!,where C; is the number of features in th&" category. There is also the

=1
additional cost of identifying the categories and prineglbut this cost is not assessed in this
section. For our example, using 12 categories and 58 festilmenumber of orderings generated
and analyzed is:

=CRFs orderings+ cost to categorize featuresfeature orderings
12

=120 +58 +> C
; (6.1)

=(~ 4.79 % 10%)4+ ~ 58 + (=~ 1.19 % 10*)
== 4.79% 10°

This is a savings of overl 00 — W)%: a significant reduction in cost.

132
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# of categories

# of violations found

# of features in the’" category

# of subscriber-data values for tté category
# of features orderings

! # of categories orderings
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> ;! total # of feature orderings for all categories

i=1
n

H S;! total # of subscriber-data values combinations fonathtegories
i=1

Figure 6.5. This figure gives a quick reference to the variabl es and formulae used in this
chapter.

The cost to generate orderings is factorial, therefore st of ordering the categories plus
the cost of ordering feature sets for each category is appeigly equal td:!, wherek is equal
to the largest number in the sétj[Cs, ... C,, n]. Comparingk! to f! gives us

k! 1
I
i=k+1

Consequently, as long asis significantly smaller tharf (i.e., there is a fair distribution of
features among the categories, and the number of categsrrasasurably smaller than the
number of features), then our categorization approachaiildys result in a significant decrease
in the amount of work needed to order a set of features. Howéwve number of orderings
explored remains high dt79 * 108.

6.3.1 Pairwise Optimization

In this section, we present the further savings that reshitrwa pairwise optimization is
performed to further reduce the number of orderings thatl hede explored. The cost of the
pairwise analysis |s(nﬁ7'2)' wheren is the number oCRFs. If a single constraint or criteria
violation is found during pairwise analysis, the numberwf érderings explored is reduced by
half, since no category orderings that contains this viamtawill be tested, and exactly half of
the full feature orderings will contain such a pair. As a fesfithis optimization, if a single
violation is found in our case studies, then the number diifesorderings evaluated becomes
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n

n! n!
_ A
(n—2)] + 5 + ZE:I C;l. (6.3)

For our example, one pairwise violation reduces the numbexmglored orderings te: 2.395 x
108, a savings ofs 50% over the basic categorization approach.

Every new violation found during pairwise analysis reduagain by half the number of full
feature orderings that need to be examined, as long as tihésing is not already implied by
previously identified pairs. As seen in Figure 6.6, the addibf some features have no effect
on the number of orderings explored since the newly idedtifiglering was already implied.
However, if two violations share a comm@RF, then the savings is even higher, or nonexistent.
For example, if we have knoA4, B) and add(B, C'), then the savings are much higher since
no orderings with(A, C') will considered. However, if we then add the orderifyy, C'), no
new savings will be seen as this was already implied by theique orderings. We use the
formulaGO(n,v) to represent the number of full category orderings gendrgiteenn CRFs
andv violations. If pairwise analysis is used a6@)(n, v) full-sized CRF orderings that avoid
pairwise violations are generated, instead of the origitharderings, then the total number of
orderings evaluated becomes

n!

(n—2)!

+GO(n,v) + En:ci!. (6.4)

1=1

IA

For our first case study, we generat#i full-sized CRFs instead of the original.79 * 108,
orderings at a cost o 8 x 107°% of the original cost. Thus, in the first case study, combining
categorization with all of the optimizations reduces thaltoumber of orderings te 1.24 x 10*

or ~ .003% of the original cost. Table 6.6 shows how each new violateamfl during pairwise
analysis reduces the number ©RF orderings explored. Notice that some new violations do
not affect the number of orderings generated (e.qg., vimati# 24, 25, and 26 all evaluate the
same number of orderings). This is because the new cortsimgiosed by the new violation
is implied by existing constraints (e.g., adding the newrieton [a,c] to the existing set of
restrictions [[a,b], [b,c]]).

6.4 Cost Analysis: the Number of Call Scenarios

In the above section, we were able to show a reductioa t603% of the original number of
orderings that need to be explored when categorizationnggued with the pairwise optimiza-
tion technique. In this section, we compute the number dfscanarios that are explored with
respect to each feature ordering based on the number of dlat@svper feature in the call, and
the number of scenarios avoided when criteria violatioesd@tected. As previously described,
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Violations vs. Orderings

Orderings Explored
&
3

o T T T T T T T T T T T T T T T T
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
Violations Found
Figure 6.6. This data is generated using our first case study, where violations found during

pairwise analysis are used to determine the number of catego ry representative feature (CRF)
orderings generated.

for each feature ordering, all possible variations of featiata (e.g., whether the dialled number
is on a Call-Screening list, or whether a feature’s dataciaugis that the call should delegate on
ringTO or setup are explored as a separate call scenario.

Table 6.2 shows the number of different subscriber-dnanaexsaihat are associated with each

CRF. Combining these possibilities, we find that there HeSZ call scenarios for each feature
=1
ordering, whereS; is the number of possible subscriber-data values relatéuetd” category.

Both the constraint and criterion optimization methodsuemed to reduce the number of call sce-
narios explored; however, this reduction is hard to mealsecause the cost savings are directly
related to when during the search the call scenario congthie criterion or constraint violation
is detected.

Consider the situation where a constraint violation is idexl: when this violation is de-
tected, no more call scenarios corresponding to the clyreimiulated category ordering will be
evaluated. Consider a situation where eiGRFs are implemented, and each has two possible
subscriber-data values (e.g., number blocked and numhdyoxked for aBlocking feature).
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CRF # of Data Values
BlockS
BlockT
Alias
Present
Filter
RedirectT
RedirectS
RedialS
RedialT
DelegateT
SetOutcome
Multiplex

PNWRFRPEPNPPWOEREPDNMNDNDDN

Table 6.2. This table shows the number of choices for feature data for each category repre-
sentative feature.

There are2® = 256 call scenarios related to this one ordering. If we find thest@int violation
during the first call scenario, then we immediately reje@s thrdering, without exploring the
remaining255 call scenarios, for a savings ef 99.6%. However, if the constraint violation is
not found until thei” call scenario is explored, then the savings are:

[ N
s IIs
i=1 i=1

The same is generally true for criterion violations, exdegt analysis of the remaining call
scenarios will occasionally continue, since enforcingcatierion principles may over-constrain
the system. Consequently, we continue a complete evatuatian ordering that violates criteria
principles, unless a permutation of the ordering has ajréaen added t&reeVioList or until
the criterion count for this ordering is higher than theariin count for a permutation of this
ordering.

—1 (6.5)

In our first case study, this optimization affects only thenier of pairwise call scenarios,
since only pairwise orderings resulted in principle viaas. In our first case study, the total
number of simulated pairwise call scenarios Wés. If the criterion optimization had not been
applied,496 call scenarios would have been generated, thus using thisiagtion resulted in a
savings of~ 26%. These are a small savings, but had pairwise optimizatiofteen applied,
then the savings would have been significantly higher. Ad,weis optimization results in
significant savings whenever violations are found in lagyelerings.
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In our first case study, we did not reveal any new violationsrduthe full-ordering analysis.
However, this step is necessary, because the addition olvdeature or category of features
can easily modify the behaviour of the system, such thatirfedture interactions will occur.
As well, this step verifies that the system should executbowit the presence of any principle
violations.

6.5 Analysis Results

The final results from the implementation of our first caselgin Prolog show tha399 full-
sized category orderings were explored and the partialrimgién Figure 6.2 was generated.
Given these category orderings and assuming traditiorsgs¢o order the features in each cat-
egory, we have reduced the number of orderings explored frot3 * 1078 to ~ 1.19 * 10*
(evaluation cost for the 399 full-sized category orderiplys the intra-category ordering cost),
or ~ 107°6% of the original cost. To prioritize all of the features fouimdthe telephony envi-
ronment, we could use the categorization approach on epelofyaddress (e.g., device, system,
router), and combine the results based on the inherenitm®assigned to each address cate-
gory.

We acknowledge that there are some limitations to our catagjmn approach, but we submit
that these limitations are not significant with respect toghvings generated. The first limitation
is that not all features (e.g., 911 features) can be categgbor that some categories will contain
a small number of features. These small categories carr éi¢ghaccepted and modelled in the
TP model or treated as exceptions and manually analyzed&gfiect to the generated category
orderings. The decision between these two choices shollédtréhe complexity of the feature
and the total number of categories to the order. For exan§ilg,features are complex and
have many principles for proper execution; hence theseresshould be manually prioritized.
Alternatively, if we have a small number of categories andva $imple, uncategorized features
(e.g., override feature), then it may be acceptable to mihesk in the TP model.

The second limitation is that the generated partial ordemiay still need to be analyzed by a
human expert. The partial ordering generated is guaramntesmdhere only to the principles used
in the analysis, but the human expert may wish to check forerspecialized interactions that
are not represented by one of these principles. For exarfiple wish to giveBlockT the ability
to block incoming calls based on aliases, then the humanregae assert this restriction. To
search for these specialized interactions the human emped only examine the set of optimal
partial orderings, which greatly reduces the amount of weduired. As well, a human expert
should always validate th&llowCritList list to determine if the correct ordering for the over-
constrained feature set was chosen. (We found no such ogdduring our case studies.)

The last limitation we consider is the run time for TP modelthAugh our categorization
approach greatly reduces the number of orderings expldinedresults are still factorial with
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CRFs| New CRF # of Inferences Run Time| Heap Size| Con | Crit | Opt
(seconds (Bytes)

5 | Original Set 841,939 1.6 888,412 2 3 6

6 | RedirectT 3,136,352 4.89 977,540, 3 7 6

7 | RedirectS 6,232,809 9.43| 1,076,048 5| 11 6

8 | RedialS 10,877,028 17.70] 1,223,036 5| 15| 10

9 | RedialT 22,414,800 37.54| 1,460,316f 5| 20| 20

10 | DelegateT 250,707,440 409.58| 8,653,536) 6| 24| 80
11 | SetOutcomeg 231,676,899  373.19| 8,179,104, 6| 29| 40
12 | Multiplex 20,009,084,662 3315.49| 82,994,748 6| 32| 400

Table 6.3. This table shows how adding a new category represe ntative feature, where the
Original Set is [BlockS, BlockT, Alias, Present, Filter], ¢ hanges the run time results.

respect to the size of the number of categories. This meahsléspite our many optimizations,
there is a limit to the number of categories that can be auioally prioritized. The runtime
analysis of the TP model is shown in Table 6.3. These reswts wenerated using swi-Prolog
(version 5.6.29) on a Windows XP platform using an Athlon XP 4400+ processor and 3G
of RAM. Swi-Prolog’s internal global and local stack segfsnwere set at their maximum set-
ting of 128 M. It is our belief that 15 to 20 categories can bsilgaordered in a moderately
constrained domain (i.e., 5-10 principles): we ran intalstaverflow errors in Prolog when or-
dering 18 categories (all applicable categories where st source and target categories for
this simulation). However, not all principles were implamted in this case analysis, and the
implementation of these principles which would likely hawoided the overflow issue. In more
constrained system, where a large number of pairwise Waolsiare found, a even larger number
of categories can be ordered since each pairwise violatiamatically reduces the number of
full sized feature category orderings that need to be eteduadVe believe that the other address
categories, such as end-device address zones and netwlogsaidones, which are found in the
telephony environment can also benefit from this approaelch®Bf these address zones would
need to formulate its own set of categories that corresportie different types of features in
the address zone (e.g., screen display features, billatgres, routing features).

The results of our analysis show that our categorizatiomaggh is successfully able to reduce
the cost of prioritizing features, and that this prioritina can be automatically generated. This
saves both time and money, freeing up time for human expert®tother tasks. The extra
effort required to setup the categorization used in our@ggr is minimal in comparison to the
increase in savings generated.
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6.6 Model Reusability

The TP model is designed to test our approach with respeloe b EC-based telephony model
described in Chapter 2. However, core components of thisetnamlld be reused to evaluate
alternate “categorizable” domains. The conditions undeiclv categorization is appropriate
are 1) the features are independent of one another (i.eylaroiature development), and 2)
communication between features can be modelled as an eyelodusignals, with the option to
share information via a database.

The new domain will require the creation of new feature titaoss (i.e., aCRFs for each
category in the new domain) and new principle assertions, @n assertion representing each
principle of proper system behaviour within the domain).thé features within the domain
are applied in a serial ordering, then our TP model’s sigm@itommunication code used to
propagate messages between features may be reusable. dtdoiehre features are applied
using a non-serialized communication model, then theentiderlying domain code may need
to be redesigned. In either case, some of the underlyingvimiraof the basic domain would
likely need to be modified. For example, the new domain mayire@n alternate decomposition
of the simulation into stages (i.e., the “call” stages magch® be modified to reflect the stages
of a computation in the new domain).

The constraint and criteria optimizations should be usabiee new domain. The usefulness
of the pair-wise optimization will need to be determineddzhsn the types of feature interactions
found within the new domain. However, with minor modificatjdhis code can be used to test
subsets of any size.

Another issue that affects reusability is that in our mo@ei¢ch feature module active and
remains in the call path for the entire duration of the calichihreflects how feature modules
are treated in the DFC architecture. In other domains, featmay be transient and remain
active for only a portion of a simulation in the domain. Howewve can simulate in our model
the transient behaviour of a feature by designing the featubehave transparently after it has
completed its functionality.

139






Chapter 7
Conclusions and Future Work

Feature interactions pose a large problem in feature-rashains, so much so that an entire
research community (i.e., centered around the Internatidanference on Feature Interactions)
has evolved to address this issue [6, 16, 17, 30, 9, 43]. mtHasis, we explore methods to
reduce the cost of prioritizing a set of features for use iarfiy-based techniques (see Section
3.5.4) for resolving feature interactions.

Our categorization approach reduces this cost by usingeaibisin to divide the system’s fea-
tures into categories based on their main goal or functityn@le., block unwanted calls, present
call information). The development of the feature categgfollows a simple set of guidelines.
To begin, each category should represent a single coreidumadity; these categories can then
be further decomposed if a category has multiple goals. Vde¢ermining the final set of cat-
egories, the designer should verify that the categoriestaiai a high level of cohesion among
features within a category and a low level of cohesion betwieatures in different categories.
These design rules increase the effectiveness of the agplaincreasing the ability to find
the unexpected interactions that occur between seemimgbtaied features that are found in
different categories.

These categories are then ordered with respect to one angimg a set of principles that
reflect the desired behaviour of the system and its features o blocked calls will reach
an end device). The principles provide the justificatiort tihhe approach uses to effectively
and efficiently generate feature categories orderingshatathe resulting orderings satisfies the
requirements identified by the system designer and the esrd.us

The categorization of features is a critical step that mestdrefully considered as it affects
the success of our categorization approach, since indhyreategorizing the features can results
in high cohesion between features in different categomeléc low cohesion between features
in the same category. When this occurs, performance usagpproach will be poor, as the
identified feature interactions will often generate an tyweonstrained set of categories that may
require a human expert to re-evaluate the results and mtaifputput priority ordering. Once
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the categories are selected, the principles for propeesybthaviour are created. The principles
are properties that hold regardless of which features dnresan the system. In our experience, it
is easier to identify the principles after the categoriegehzeen determined, since the categories
give insight into what the system and features are tryingtomplish. In Chapter 4, we present
a set of feature categories and principles for the teleplmmyain, which represent the set of
features for residential clients.

By decomposing the prioritization problem into two phadest ordering a set of categories
and then ordering the intra-category features, we reduE@rbblem significantly, to the point
where we can automatically generate the priorities for &éa¢ure categories. In Chapter 5, the
results of programming our telephony domain, categoried painciples in Prolog are described.
Using this Prolog model, two case studies are evaluatedrenesults are presented in Chapter
6. The case studies show that applying our categorizatiproaph in our DFC-based telephony
domain significantly reduces the cost to order a set of featufhe chapter also discusses how
the implemented optimizations further reduce the cost oegating optimal orderings.

The partial-ordering generated by the case studies isynequivalent to the partial-ordering
identified by our manual analysis. In fact, when generatimggresults, we discovered the need
for two new principles. These principles were then addedutoRyolog model and the results
of our manual analysis were updated to reflect these two newiples. The identification of
these two new principles shows that automating the feaitdering problem can help identify
unknown principles and thus identify new restrictions oa fisature orderings and increase the
accuracy of identified feature orderings. Furthermore,evatuation shows that as long as the
number of categories is significantly smaller than the nurobéeatures to be ordered, then the
cost reduction to determine priority orderings is significeOur case study, implemented using
an optimized Prolog model, shows that the cost is reducedsls)thanm%% of the traditional
cost of testing all possible feature orderings. Given tigmificant reduction in cost and the
ability of our model to accurately reproduce the manuallniified partial-orderings, we can
confidently argue that our categorization approach wasesstal.

The partial orderings, generated using the approach thesci this thesis, were created for
a DFC-based telephony environment. However, this doesimdt the effectiveness of these
orderings for use in resolution strategies designed forserialized telephony domains. The
partial ordering results can be used in precedence- orifyrioased resolution techniques with-
out knowing how the underlying telephony architecture beka For example, in an alternate
telephony architecture, all features triggered by theeanurstate of the system could attempt to
execute in parallel. A resolution strategy is used to detemhen the set of executing features
would interact and to resolve such interactions. An exaropleuch a strategy is the priority-
based resolution strategy developed by Tsang and Mag#idh [n their approach, when two or
more of the triggered features conflict, the feature witrstin@llest number of conflicts is chosen
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for execution; in the case of a tie, the highest priority Gieatis chosen for execution. Although
these partial orderings are generated using a serializdutecture, the priorities indicated by
the partial orderings will correctly resolve these intéi@ts (assuming the conflict type reflects
one of our system principles) in this alternate architectinere features are executed in parallel,
since the resolution strategy effectively serializes tkecation of the conflicting features. For
example, if featured and featureB conflict in the parallel execution and has priority over
B based on the partial ordering, then whéns chosen for execution oves, the result is an
optimal ordering, since eithet will prevent B from executing by modifying the call state, or
A will execute and leave the call state such tBais triggered again. In either case, the proper
execution of the features is applied. Tsang and Magill'seagh, along with other related work
and techniques that use precedence or priorities to resubmctions, are discussed in detail in
Sections 3.6 and 3.5.4, respectively.

Below, we introspectively consider the use of the generptatial orderings within several
different telephony architectures:

CPL: The Call Processing Language, CPL, is an architecturaléveork designed to simplify
and standardize a method for creating features and serfacésternet telephony [33].
Using CPL, the end user creates a script describing theréessatr service that the user
wishes to be activated during call attempts. These scriptsod support modular feature
development. Rather the scripts describe all the funclityrfar a specific end device or
server. Each CPL script can represent multiple featurestteadombined behaviour of
these features. CPL scripts give each end user the abilityeiate their own uniquely
defined service behaviour. Its implementation as a singiptsemoves ambiguity and
resolves automatically feature interactions as only orimmacan be planned for each
triggering signal / data combination. The CPL script isa@ddbr unreachable code. The
script is then uploaded to a server where it is implementediltiMe servers may be
reached during a call attempt, and each server, which acdsCL server, chooses the
appropriate CPL script for execution based on the sourceanget address for the call
attempt. This script is then executed and the call procesdieascript specifies (e.qg., is
terminated, forwarded, redirected). When the call attempontinued, the call may pass
through more servers, where the end result is that each Offit s&cexecuted based on
the order in which the servers are added to the call path foekows address translation
concepts and principles).

Due to the scripts being analogous to Ideal Address Traosl@tAT) address zones (see
Section 2.2) and due to the fact that the responses to sigreabsxplicitly determined by
the script, the categorization approach is not useful asseyeule for this architecture.
However, the priority orderings identified using the categaiion approach can provide
script writers with advice on how to design scripts that comalfeatures in a manner
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AIN:

SIP:

that adheres to the principles for proper system behavithe. use of IAT principles and
conventions [27] can be used to resolve interactions thairdoetween features found in
different CPL servers.

The Advanced Intelligent Network (AIN) architecture wayveeped by Bell Communi-
cations Research and is an industry standard in North Aarerid@he architecture sep-
arates service logic from the plain old telephone switchiRgmoving the service logic
from the switching software allows new features and sesvioebe added to the system
without costly redesigns to the switching network. (AIN isma fully described in Section
3.4.2.) AIN supports modular feature development and tliitiad of features designed
by multiple vendors. Each AIN feature can be representeddoyanunicating finite state
machine, and is atomic, in that it cannot be interpreted loghaar AIN feature once execu-
tion of the feature has begun. Hence, the features are dpplaéesequential order, and the
orderings identified by the categorization approach carske to help reduce the amount
of work required to determine an optimal order for thoseue=d. Thus, using the cate-
gorization approach, which abstracts away the implemientatetails of the features and
orders features based on their observable behaviour woeksfav combining different
feature modules in AIN [35].

Session Initiation Protocol (SIP) is the Internet EngimagiTask Force (IETF) protocol
for Internet telephony. SIP runs as an end-to-end, clientes signalling protocol and is
designed to be easily programmable, so that new featurdsecadded and combined with
existing features. (SIP is described more fully in Sectioh®) Features are designed
as extended finite state machines and implemented in proxgrsdocated along the call
path. Several languages can be used to design featuresvmeseior SIP, including the
Call Processing Language (CPL), described above, and thafigation and Design Lan-
guage (SDL), which we will now consider. Using SDL, featucas be implemented as
modular features that reside on the same proxy server [14¢ designer can choose to
either implement the features in a serial ordering or chosalternate method for com-
posing features, such as defining where an input signal dhmutirected as per scripts
expressed in CPL. In the latter case, the same argumentsvénatmade for using the
categorization approach when using a CPL-based archiéeate applicable here. In the
first case, where features are serialized on the proxy seheicategorization approach
is directly applicable and can reduce the cost of deterrgiam optimal ordering for the
features on that server.

These examples show that the categorization approach casebleto reduce the cost of pri-
oritizing features in a variety of different domains. By nifgthg the basic system implemented
in our Prolog model from the DFC-based telephony domain titeer alternative architecture,
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we would be able to prioritize features in a manner that avaiteraction among features in-
teroperating with respect to the new architecture. Thegecaization of features, the category-
representative feature, and the development of the piescqf proper system behaviour would
be reusable in other architectures, since the behaviotiedetatures and the principle assertions
are independent of the underlying system (e.g., the fes&llssthe underlying system to redirect
the call or to terminate the call attempt). Furthermore,dpgmization methods would also be
reusable in the new model as these optimizations are baselgt ea the discovery of a prin-
ciple violation. The majority of the required changes wil to the underlying system design:
the restructuring of code that determines when a featuraldlexecute (e.g., do features exe-
cute sequentially? in parallel? based on results detedrbgea feature interaction manager?),
the mechanism for routing signals through the features,aaydother means by which the ar-
chitecture coordinates feature execution (e.g., when degigection of a call occur?, how does
redirection affect which features are members of the cahPa Thus, by redesigning the un-
derlying model and how this model interfaces with the featuodules and principle assertions,
the majority of the work identified through the categoriaatprocess (i.e., the categories and the
principles) can be reused to determine a priority orderorgaf domain based on the alternate
architecture, assuming modular feature development isa@stgd by the new architecture.

7.1 Future Directions

Our future research interests include expanding this woekplore possible extensions to the
categorization approach and exploring other domains ickvi@ature interactions are a problem.

7.1.1 Intra-category Prioritization Cost Reduction

The use of our categorization approach dramatically resitioe cost of prioritizing a set of
features. However, the cost to prioritize intra-categ@atdires remains high. We would like to
research strategies to reduce this cost, perhaps by congidee feature’s triggering event or
subscription restrictions to decrease the number of featnimbinations that need to be explored.

The first strategy considers how different triggering ese(ne., signals in telephony) that
cause a feature to execute its functionality might be useddace the number of feature com-
parisons required. We hypothesize that if two featuresraggdred by different events, it is less
likely that these features will interact. Consequentlghibuld be possible to order features based
on their triggering event (i.e., the signal that triggers thatures main functionality), and if we
design feature modules so that they have only one triggewegt, then each feature module
needs to be ordered only with respect to other feature medhde have the same feature-related
triggering event. In telephony, the different triggeringeets are the core set of DFC signals
(avail, setup unavailable ringTO, teardowr) plus feature-specificsignals. While each feature
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may respond to multiple input signals (e.g., initializatam setup, the feature can be designed to
perform its main functionality (e.g., redirect the call)lpon receipt of one specific signal type.
Normally, a feature will receive only one triggering sigrathough exceptions arise due to race
conditions when signals are issued by different users, (egrdownis sent from one user and a
feature-specifisignal is sent from another user), but this should not affextorrectness of the
generated priority ordering. Our expectation is that alegaries, with the possible exception
of Multiplex!, will benefit from this strategy, since most features hawgrtmain functionality
triggered by one specific type of signal (e.g., Call Forwar®Basy, Call Forward on No Answer,
and Call Forward on Setup). This strategy requires furtinegstigation to validate whether the
hypothesis holds and to determine if the cost reductiorgisiitant when compared to the extra
work that might be involved to separate features into malbésed on their triggering event.

A second approach to reducing the cost of prioritizing htagegory features is to identify any
subscription restrictions. The subscription restricti@ne implemented by the service-provider
to resolve some types of interactions by preventing theilles from subscribing to a specific
subset of features. Thus, the subscription restrictiomaes the cost of prioritizing features,
since it eliminates the need to order each feature with mtgpeevery other feature in the cat-
egory. For example, some features can be subscribed to aseddsure or as an enhanced
version of the base feature (e.g., Call Waiting vs. Call Wgiwith Incoming Caller ID). The
user would subscribe to only one of these features, hencewetteed to order these features
with respect to each other. Depending on how many enhanaéaés are found within the cate-
gory, this could result in a significant decrease in the irmation cost. For example, the number
of Call-Forwarding based features found in the differentise providers, which we explored in
Chapter 6, are significantly higher than the number of "wsaBhll-Forwarding based features
that can be active for a user at a given instance.

Another type of subscription restriction that can be exgidofor potential cost reduction, is
that of a feature extension. There are some features tHatavibe subscribed to unless the user
also subscribes to another feature (e.g., a user will nadcside to Cancel Call Waiting unless
she already subscribes to Call Waiting). The differencevbeh a feature enhancement and a
feature extension, is that a feature enhancement exteadarhtionality of an existing feature
by adding new functionality, while a feature extension s tiheation of a new feature that can
only function properly when in the presence of another f@atwe need to research this concept
further, as it may be possible that most features extengibtiss type areRemote Control
features, which are implemented as extensions of the bat@rée(see Section 4.1). In such a
case, this approach reverts to that of an enhanced featarguinscription set as described above.

IMultiplex features are bound features that need to coordinate betwekiple connections, hence they may
not be easily decomposed into different feature modulesdas triggering events.
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7.1.2 Other Feature Rich Domains

Currently, our research focuses on solving the featuesaction problem with respect to the
telephony domain. We would like to explore whether the aatiegtion approach would be
applicable to other feature-rich domains that suffer fraatdire-interaction problems. In par-
ticular, we might expect the categorization approach takvirmiother communication domains,
such as network routing, instant messaging, and e-makmsstsince these domains share the
same basic goal of providing communication between endsu¥®e would also like to explore
our approach in a non-communication-based domain, suchrdsriy or insurance systems, be-
cause successful application in such a domain would conlffiathaur categorization approach is
applicable to a wider variety of feature-rich domains.

The new domain must meet certain criteria in order for ouegatization approach to be
applicable: the domain must be able to coordinate featur@utee based on a priority order-
ing, and the features must be designed as independentdeatdules. These two conditions
usually hold true for the newer components of a large syshbermthere may be legacy issues.
Another criterion is that the features share common goaldamctionality (i.e., that the feature
is categorizable), and that the features are fairly distetd among the categories.

7.1.3 User Defined Priority Schemes

We have also considered how our prioritization approachhtmégidress Human-Computer
Interaction (HCI) issues. An HCI interaction occurs whea tiser interacts with the system
causing an unexpected result. For example, a user might@npew signal or cause a change to
a system parameter that conflicts. One HCI issue that ouy@atation approach may be able to
help address is whether or not we should allow a user theyatulpersonalize system behaviour
by modifying the execution order (i.e., priorities) for & eéfeatures.

The first step, to decide whether or not a user should be giwetnal, is to determine whether
giving the user such control can damage the functionalithefsystem. For example, our cate-
gorization approach has two types of principles: constiaimciples that must always hold and
criterion principles that should hold whenever possiblec&ise the criterion principles are not
necessary to ensure proper system functionality, theyddoalviolated without risking system
failure. Consequently, we could allow a user to modify featoriorities in such a way that in-
troduces criterion violations, but disallow any changed ttould result in a constraint violation.

Instinctively, it might seem unwise to allow the user thesttem to reprioritize her features.
However, further exploration into this possibility is wanted, because users desire the ability
to personalize their systems. This research would exploverhuch freedom the user should
have: how would we restrict the user’s final priority orderio avoid potentially dangerous (i.e.,
constraint violations) and undesirable (i.e., multipléscion violations) results? What would be
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the service provider’s responsibility when a user changestiority ordering of new features
instead of using the default ordering: For overly consedisystems, should the company al-
low users to remove certain criterion principles and geeaaliernate, semi-personalized feature
orderings? This might be a good compromise, but it resttleésuser’s ability to personalize
individual feature orderings. Is the company required enidy potentially undesirable interac-
tions caused by changes to the feature orderings requegtiba iser? If so, how would such
information be communicated to the user? The potentiallprob versus a potential increase
in user satisfaction (or dissatisfaction) warrant furtresearch into this problem. However, our
categorization approach can help answer some of the ab@gtigiis and provide a mechanism
to check the priority orderings suggested by the user togmtedangerous feature orderings.
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Appendix A

Feature Names and Definitions

Below is a set of features, compiled from the feature intevadoenchmark [10], feature interaction con-
tests [24, 31], and customer-service manuals [1, 39, 413eparated into their appropriate feature cate-
gory. When appropriate, unique feature-specific signatesebstituted to remove signalling ambiguities.

Alias features

Area Number Calling (ANC) determines the terminating address based partly uponigiaating num-
ber [10].

Parallel Dialling (PARA) locates the called party by contacting multiple addresisesl&aneously. When
one of the call attempts is answered, all other calls aredown [53].

Personal Directory (PD)is an advanced version of Speed Calling. PD contains ddtadletact informa-
tion, such as phone numbers, and email address, and is atddetanine the best number to call
for an alias based on time of day [52]. The PD feature is réverssuch that incoming calls can be
identified by their corresponding alias.

Sequential Dialling (SEQ)is similar to Parallel Dialling: multiple addresses ardeaxlin an attempt to
reach the callee, however only one call attempt is made ate tif a call is not answered after a
reasonable amount of time, then the call is torn down anddkemumber in the list is dialled [53].

Speed Calling (SChlaces a call using a dialled short cut code [39]. AKA Abbaged Dialling [1].

Billing features

Collect Callis used to reverse the long-distance charges associated eail from the caller to the callee.
AKA Reverse Charging [31].

Toll Free Call is used to allow the caller to dial a long-distance numbegmlthe charges associated with
a call are automatically charged to the callee.

149



Blocking features

Incoming Toll Restrictions (ITR) blocks any incoming call that will result in a charge to thbéstriber
[1].

Originating Call Screening (OCS)screens all outgoing calls against an outgoing-call sangdist, abort-
ing calls to numbers found on the screening list [10]. Theablisg featureOriginating Call
Screening Override (OCSO)is available.

Outgoing Toll Restrictions (OTR) aborts any outgoing call that will result in a charge to thiessuiber
[1].

Teen Line (TL) restricts outgoing calls based on the time of day. Thisid&tn can be overridden with
an authorization code [24].

Terminating Call Screening (TCS)screens all incoming calls against an incoming-call séngglist,
aborting call from numbers found in the screening list [10he Disabling featurderminating
Call Screening Override (TCSO)is also available.

Delegate features (also see Redirect features)

Call Transfer (CT) allows the subscriber to transfer the current call to arqibetya[31] The two remote
parties can be linked “blindly” (Blind Call Transfer), soaththe third party merely receives an
incoming call, or the subscriber of CF can put the first partyhold, connect with the third party
and then link the two remote parties together.

Send Mail (SM)is similar to Voice Mail, however the caller is given the aptiof leaving either a voice
message or sending an email [53].

Voice Mail (VM) connects the calling party to an answering service whenuhscsiber is not available
[31]. AKA Answer Call [10].

Filter features

Automated Role Identification (ARI) reacts to an incoming call by playing a message, which détesn
if the call is meant for the subscriber or another party. Téddure is used when individuals change
roles inside a company.

Multiplex features

Call Waiting (CW) generates a call-waiting tone to alert the subscriber tacamskincoming call. The
subscriber is then able to answer the incoming call by ptatiie current party on hold [10]. The
Disabling featureCancel Call Waiting (CCW) is also available.

Conference Calling (CC)sets up a call between multiple parties [1].

Three-Way Calling (TWC) allows the subscriber to add a third party to an establistadid d@he first
party is put on hold while a connection with the third partye@&ablished, then all parties can be
linked together [10].
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Presentation features

Call Display (CD) gathers the phone number of an incoming call and displaystiseosubscriber’s phone
during the ringing cycle. AKA Calling Number Delivery [10].

Distinctive Ringing (DR) uses special ring tones to identify calls from speciallygrssd numbers [1].

Group Ringing (GR) allows an incoming call to ring at multiple phones. The filsbpe that is answered
is connected to the calling party, and the remaining photggsréging [31].

Redial features

Automatic CallBack (ACB) is triggered if the subscriber calls another party whose isbusy. The
feature records the number of the called party. The sulesccidn then choose to activate ACB so
that the called party’s line is tested and the subscribepidied when the line is no longer busy
[10]. AKA Ring Back when Free and Automatic Busy Redial [1].

Return Call (RC) records the addresses of incoming calls, if the subscribenavailable, so that the
subscriber can later automatically return a missed call. [2KA Automatic ReCall and Ring
Back When Free [10].

Redirect features
(these features can also Delegate features)

Call Forwarding (CF) allows incoming calls to be redirected to another addressedb on some trigger-
ing event [10]. For example, theetupsignal triggers CF Universal, thanavail signal triggers CF
Busy Line [24], and theingTO signal triggers CF No Answer. A variant is CF Universal peyKe
which redirects all incoming calls, except those from nuratbeund in the “key-exception” list [1].

Remote-Control Invoking features

911/Emergency Services (91prevents anyone involved in an emergency call, except theopérator,
from either ending the call or placing the 911 operator ol fib0D].

Busy Override (BO)overrides a busy signal, so that the subscriber can brealkamexisting conversa-
tion. A warning tone is played to notify the parties of thestixig call about the impending break-in
[1]. AKA Executive Busy Override. The Disabling featuBeisy Override Exempt (BOE)is also
available.

Call Park (CP) is used to “park” the current call at a different locationpaing the subscriber to change
phones. AKA Mid-Call Move [52]. Variations include Call Fkawvith Recall (CPR): if the “parked”
call is not answered in a timely fashion, then the call isneated back to its original location [1].

Call PickUp (CPU) allows authorized users to answer a call that is ringing athaar location [39]. Vari-
ations include Call PickUp with Barge-in (CPUB): if a subiber starts to pick up a call that is
subsequently answered, then the subscriber will “bargésithe call [1]. The Disabling features
Call PickUp Exempt (CPUE) andCall PickUp with Barge-in Exempt are also available.
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Call Waiting Originator (CWO) gives the callee Call Waiting for the duration of the callthié callee’s
line is busy and CWO is invoked [10]. The Disabling feat@all Waiting Exempt is also avail-
able.

Malicious Call Hold (MCH) allows the subscriber to put the call on hold so that the rerparty can-
not terminate the call. This feature is intended to prevénisiae calls, and allows a trace to be
performed on the held call [39].

Remote Control Override

Call Display Blocking (CDB) is a directory-service feature designed to allow a subsctib keep their
number private, and prevents their number from being digglao the called party [10]. AKA
Unlisted Number.

Set Outcome features

Do Not Disturb (DND) prevents incoming calls from reaching the subscriber anding their device to
ring [1]. A variation is Do Not Disturb Screening, which blacincoming calls, except calls from
numbers on the Screening lif20 Not Disturb Override (DNDO) is available [1].

Make Set Busy (MSB)makes the subscriber appear unavailable by returning armt#ication, regard-
less of whether or not the subscriber is actually on the phéneariant is Make Set Busy Group
Exempt (MSBGE), which returns a busy notification to all ining calls, except those from num-
bers are on the group exemption list.

Source Authentication features

Remote Access Authentication (RAAYerifies that a user is authorized to access a remote addriess ¢
gory.
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Appendix B

Continuation of Correctness Property
Validation 4.6.1

Correctness Property 4.6.1 Correctness of Combined AddresZones and Category Prioritizations
Given a prioritized set of feature categori€s;, and a set of address zones ordered according to Ideal

Address Translation (IAT) principles, the resulting corsifion of all feature categories within all address

zones in the call path correctly resolves interactions wagpect to the categorization and IAT principles.

Problem Setup:
See initial problem setup for this correctness property.
Suppose a categoyp,, € A, and a category’'q,, € A, violate the ordering imposed lfy*. That is:

Ap, < A, € A*: satisfies IAT principles
Cn < C,, € C*: satisfies categorization principles
Cp, < Cq, € A* @ C*: violates categorization principles

Validation:

Assumption: This property uses the terminology defined iagér 4 and is validated with respect to a
DFC-based architecture in which features are serially ama@, as defined in Chapter 2.

This validation is performed using case analysis.

We decompose the validation into ten cases, one for eachidgnof proper system behaviour with
respect to categorization. Three of these cases are fousidb.ib, the remaining are found below. We
further decompose each of the ten principle-based casetehtifiying the pairs of feature categories that
can potentially result in a principle violation, which wedm from our manual analysis of the categories
in Section 4.5, and we examine both orderings of each pair.

Case 1: Logging Principle Already completed in Correctness Property 4.6.1
Case 2: The Abortion Principle: Already completed in Correctness Property 4.6.1
Case 3: The Failure Principle Already completed in Correctness Property 4.6.1
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Case 4: The Accessibility Principle

TheAccessibility principle states that all features associated with anyessdzone in the call will be
included in every established call (i.e., voice connectidiormed). We know from our manual analysis of
the categories in Section 4.5, that only features thateetla call attempt can change or prevent features
from being added to the call path and still allows the calleebtablished. Consequently, we explore how
these other categories behave in the presence of the catbgocan redirect a call attempt. The subcases
to consider are:

1. RedCall - All Other Categories

whereRedCall is any feature category that can redirect a call attempt tdtamate location (i.eSource
Redirect, Delegate, Filter, Target Redirect, andTarget Redial, when triggered as it's source counter-
part), and All Other Categories includes every other cagefpund in the address zohe

Case 4.1:RedCall - All Other Categories

Assume the features are ordered as shown in Figure B.1. A alhattempt can be redirected in the
source or target region upon receipt of 8&upsignal or anyfailure signal. TheAccessibility principle
can be violated only during the initialization of a call agt, so we consider only call scenarios that
involve the setupsignal (either generated by the caller to initialize thd attempt or by theRedCall
feature in response tofailure signaf), separating the subcases into incoming and outgs@tgpsignal.

In all of the cases below, we explore only those executiohgthtat can possibly lead to an established
call. This is due to the fact, that tiheccessibility principle can only be violated, if the call is established.

Incoming Signal <
A Aq A
— ***[RedCallf** [—*++| Other [+9| Ct,f**| Ct

> Qutgoing Signal >

Figure B.1. This figure shows that a feature category ~ RedCall is in address zone A, while
the Other category is in the address zone Aq.

Incoming setup signal (target region): The Other feature in zone4, is entered first and is initialized
as designed. If the call attempt is continued by this featinen thesetupsignal continues towards
the RedCall feature inA,, which redirects the call attempt to another target addzess. If the

1This does not includBilling, which is found in the Network’s address zone
2The generation of theetupsignal, by aRedCall in response to &ilure signal, generates a path equivalent to
theRedCall reacting to thesetupsignal, since the remainder of the original call is torndown
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feature continued call attempt is established, no viatatb the Accessibility principle will be
found, since both features are initialized and remain pgaftecall path.

Outgoing setup signal (source region): The RedCall feature in zoneA,, is entered first and redirects
the call attempt to another address zohe The setupsignal is continued and enters teher
feature in zoned,, which is initialized and continues (or prevents) the ctimpt per its design.
If the feature continues the call attempt and the call isdistzed, no violation of théccessibility
principle will be found, since both features are initiaizend remain part of the call path.

Next, we consider the alternate feature ordering shown guirgi B.2. Once again, we separate our
analysis of the cases based on the direction (incoming @omg) of thesetupsignal and the region
(target or source) of the interaction.

Incoming Signal <
A Ap Aq A
*|CL,| | Other fr++r—-++[RedCalll++s—f Ct,f++*| Ct,

Qutgoing Signal >

Figure B.2. This figure shows that the  Other category is in address zone Ap, while a fea-
ture category RedCall, which can be any feature category that can redirect a call, i s in the
address zone A,.

Incoming setup signal (target region): The RedCall feature in zoned, is entered first and redirects
the call attempt to another address zohe The setupsignal is continued and enters teher
feature in zone4,,, which is initialized and continues (or prevents) the ctimpt per its design.
If the feature continues the call attempt and the call isdistzed, no violation of théccessibility
principle will be found, since both features are initiatizend remain part of the call path.

Outgoing setup signal (source region): The Other feature in zoned,, is entered first, and the feature is
initialized and continues (or prevents) the call attempitgedesign. If the call attempt is continued,
then thesetupsignal enters th&edCall feature in zone4,,, which continues or redirects the call
attempt accordingly. If the call attempt is an establishall, ©o violation of theAccessibility
principle, will be found, since both features are initializand remain part of the call path.

Case 5: The Authorization Principle

The Authorization principle states when authentication is required, the’sigdentity will be verified
before the user is allowed access to any of her features. divice connection is not fully formed until
user authentication is complete). We know from our manualysis of the categories in Section 4.5, that
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authorization must occur during as part of the initialiaatiof the call and thafarget Authentication
features are implemented as partflarget Redirect features. Consequently, we explore how #eh
categories behave during the initialization of a call afieriihe subcases to consider are:

1. AuthCall - All Other Categories

whereAuthCall is any feature category that can authenticate a user'syatoilaccess a set of features (i.e.,
Source Authentication, and Target Redirect with Authentication), and All Other Categories includes
every other category found in the address Zone

Case 5.1:AuthCall - All Other Categories

Assume the features are ordered as shown in Figure B.3. Aakkatiempt can be authenticated in the
source or target region upon receipt of 8egupsignal. TheAuthorization principle can be violated only
during the initialization of a call attempt, so we considalyccall scenarios that involve theetupsignal,
separating the subcases into incoming and outgsetgpsignal.

Incoming Signal <
Ay Aq A
—*[AuthCallf***r—++| Other p+177|Ct,{**| Ct

> QOutgoing Signal >

Figure B.3. This figure shows that a feature category AuthCall, which authenticates end

users, is in address zone Ap, while the Other category is in the address zone Aq.

Incoming setup signal (target region): TheOther feature in zoned, is entered first and is initialized as
designed. If the call attempt is continued by this featurentthesetupsignal continues towards the
AuthCall feature in4,,, which continues the call attempt. If the call attempt imbkshed, theu-
thCall feature reacts to the establishing of the call by promptirgciallee for authentication. If the
authentication is given, then the call is established aad:#ilee is given access to all the features
in the call path. Thus, neither of the features are accesgbdw the callee being authenticated,
and thus no violation of thAuthorization principle occurs.

Outgoing setup signal (source region): The AuthCall feature in zoned,, is entered first and the feature
immediately requires the caller to provide authenticatiso that access can be allowed to the
remaining features in the call path. If authentication @ved, thesetupsignal is continued and
enters théther feature in zoned,,, which is initialized and continues (or prevents) the ctiéimpt

3This does not includBilling, which is found in the Network’s address zone
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per its design. No violation of th&uthorization principle occurs, since both features are accessed
only after the callee has provided the necessary authéntica

Next, we consider the alternate feature ordering shown guiri B.4. Once again, we separate our
analysis of the cases based on the direction (incoming @omg) of thesetupsignal and the region
(target or source) of the interaction.

Incoming Signal <
Ap Aq A
—**1 Other "-—-"AuthCalll---— Ct,f | Ct

Quigong gl >

Figure B.4. This figure shows thatthe ~ Other category is in address zone Ap, while a feature
category AuthCall, which can be any feature category that authenticates end us ers, is in the
address zone A,.

Incoming setup signal (target region): TheAuthCall feature in zonel, is entered first which continues
the call attempt. Theetupsignal is continued and enters tkeher feature in zoned,, which
is initialized and continues (or prevents) the call attet its design. If the feature continues
the call attempt and the call is established, thenAtthCall feature reacts to the establishing of
the call by prompting the callee for authentication. If thethentication is given, then the call is
established and the callee is given access to all the featurthe call path. Notice that in this
case, the callee is automatically granted access to therésain A, before the authentication is
required in addresd,,. This is a violation of theAuthorization principle will be found, since one
of the features is accessed by the callee before the authtati is given. However, because zone
A, is more concrete than zong, in the target region, it has priority with respect to resgngdo
outgoing signals (thanswersignal is sent in reverse), according to IAT principles, #ng this is
an acceptable violation.

Outgoing setup signal (source region): The Other feature in zoned,, is entered first, and the feature is
initialized and continues (or prevents) the call attempitgedesign. If the call attempt is continued,
then thesetupsignal enters thAuthCall feature in zoned,;, which immediately requires the caller
to provide authentication, before access can be alloweldetoemaining features in the call path.
If authentication is provided, thsetupsignal is continued. This ordering allows the caller to
access the feature id, before the user has been authenticated, thugtitieorization principle
is violated. However, because zoAg is more concrete than zong, in the source region, it has
priority with respect to responding to outgoing signals;arding to IAT principles, and thus this is
an acceptable violation.
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Case 6: Concretization Principle

TheConcretization principle states that all source features that make dedsabout a call's progress
should have access to both the target’s network addressrgnavailable alias information. Therefore,
we need to consider 1) source features that can modify thattaipt (e.g., redirect, block) or 2) source
features that record information to be used in subsequédnattampts (i.e., redial attempts). Thus, the
subcases to consider are:

1. ModcCall - Alias

2. Source Redial - Alias

whereModCal is any source feature category (i.89urce Blocking and Source Redirect) that can
modify a call attempt.

Case 6.1:ModCall - Alias

Assume that the features are ordered as shown in Figure Bi& Cdncretization principle can be
violated only during the initialization of a call attemptdaim the source region, so we consider call
scenarios with an outgoingetupsignal, where the caller initiates the call with either aldd code or
network address.

Qutgoing Signal - dialled code >
Ap Aq A
—"**[ModCallf+«— - Alias ** || Ct | =+ Ct,

Outgoing Signal - network address >

Figure B.5. This figure shows that a feature category Alias is in address zone Aq, while
the ModCall category, which is any source feature that can modify a call a ttempt, is in the
address zone A,,.

Outgoing setup signal to dialled code (source region):The ModCall feature in zoneA,, is triggered
by receipt of thesetupsignal and uses the dialled code to determine if the callldim@imodified.
However, the feature does not have access to the targetsadtieg¢ corresponds to the dialled code
and hence th€oncretization principle is violated. According to the principles of IARi$ is the
correct solution, sincél,, is more concrete thad,, and it has priority with respect to responding to
outgoing signals, according to IAT principles, and thus thian acceptable violation. Furthermore,
the existence of the alias is determined when the callertisgai the role of4,, and thus it is
acceptable that more concrete addrégshould not use information generated in a more abstract
address zone.
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Outgoing setup signal to network address (source region):The ModCall feature in zoneA, is trig-
gered by receipt of theetupsignal and uses the network address to determine if thelualld be
modified. However, the feature does not have access to thedd@de or alias that corresponds
to the network address and hence @ancretization principle is violated. According to the prin-
ciples of IAT, this is the correct solution, sinek, is more concrete thad, and it has priority with
respect to responding to outgoing signals, according taariciples, and thus this is an acceptable
violation. Furthermore, the existance of the alias is aeteed when the caller is acting in the role
of A4,, and thus it is acceptable that more concrete addtgshould not use information generated
in a more abstract address zone.

Next, we consider the alternate feature ordering shown guirgi B.6. Once again, we separate our
analysis of the cases based on the whether or ndfit@Call feature can be effected by the presence of
anAlias feature. Hence, we explore the subcases where an outgetogsignal is used to initiate a call
attempt to either 1) a dialled code or 2) a network address.

> Outgoing Signal - dialled code >
A Ay Aq A

o

@

> Outgoing Signal - network address >

Cl,|+{CL, | +{Atias|=+ He{ModCallp4| Ct, |+ Ct

Figure B.6. This figure shows that a feature category Alias is in address zone Ap, while
the ModCall category, which is any source feature that can modify a call a ttempt, is in the
address zone A,.

Outgoing setup signal to dialled code (source region):The Alias feature in zoneA,, is triggered by
receipt of thesetupsignal and translates the dialled code into its correspgndetwork address
before continuing thesetupsignal towards thélodCall feature in zone4,. When theModCall
feature receives this signal, it has access to both the ne@duress and its corresponding dialled
code for comparison against the modification list to deteemvhether or not the call attempt should
be modified. Hence, no violation of tli&oncretization principle occurs.

Outgoing setup signal to network address (source region):The Alias feature in zoned,, is triggered
by receipt of thesetupsignal and translates the network address into its cornespg dialled code
before continuing thesetupsignal towards thélodCall feature in zone4,. When theModCall
feature receives this signal, it has access to both the ne@duress and its corresponding dialled
code for comparison against the modification list to deteemvhether or not the call attempt should
be modified. Hence, no violation of tli&oncretization principle occurs.
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Case 6.2:Source Redial - Alias

Assume that the features are ordered as shown in Figure Bh@ Cdncretization principle can be
violated only during the initialization of a call attemptdam the source region, so we consider call
scenarios with an outgoingetupsignal, where the caller initiates the call with either alldih code or
network address.

Qutgoing Signal - dialled code >
Ap Aq A,

—+*|S Redial |+ * [Alias| *** [ Ctyf+| Ct,

Qutgoing Signal - network address >

Figure B.7. This figure shows that a feature category Alias is in address zone Aq, while the
Source Redial category is in the address zone ~ A,,.

Outgoing setup signal to dialled code (source region):The Source Redial feature in zoned,, is trig-
gered by receipt of theetupsignal and records the dialled code to use in future calhygits.
However, the feature does not have access to the targetsadties corresponds to the dialled code
and hence th€oncretization principle is violated. According to the principles of IARi$ is the
correct solution, sincél,, is more concrete thad,, and it has priority with respect to responding to
outgoing signals, according to IAT principles, and thus thian acceptable violation. Furthermore,
the existance of the alias is determined when the callertisgam the role of4,, and thus itis ac-
ceptable that more concrete addresshould not use information generated in a more abstract
address zone.

Outgoing setup signal to network address (source region):The Source Redial feature in zoned,, is
triggered by receipt of theetupsignal and records the dialled code to use in future calirgits.
However, the feature does not have access to the dialledarcal@s that corresponds to the net-
work address and hence tlimncretization principle is violated. According to the principles of
IAT, this is the correct solution, sincé, is more concrete thad, and it has priority with respect
to responding to outgoing signals, according to IAT prifesp and thus this is an acceptable vio-
lation. Furthermore, the existance of the alias is detezthimhen the caller is acting in the role of
A4, and thus it is acceptable that more concrete addfgsshould not use information generated
in a more abstract address zone.

Next, we consider the alternate feature ordering shown guiréi B.8. Once again, we separate our
analysis of the cases based on the whether or noSthece Redial feature can be effected by the
presence of ailias feature. Hence, we explore the subcases where an outgetogsignal is used to
initiate a call attempt to either 1) a dialled code or 2) a meknaddress.
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Outgoing Signal - dialled code >
Ay Ag A
— *[Alias|*+ [++{S Redial 7| Ct,{ ***| Ct

> Outgoing Signal - network address >

Figure B.8. This figure shows that a feature category Alias is in address zone Ap, while the

Source Redial category is in the address zone ~ A,.

Outgoing setup signal to dialled code (source region):TheAlias feature in zoned,, is triggered by re-
ceipt of thesetupsignal and translates the dialled code into its correspgndetwork address be-
fore continuing thesetupsignal towards th&ource Redial feature in zoned,. When theSource
Redial feature receives this signal, it has records both the n&taddress and its corresponding
dialled code to use in future call attempts. Hence, no vimtabf the Concretization principle
occurs.

Outgoing setup signal to network address (source region):The Alias feature in zoned,, is triggered
by receipt of thesetupsignal and translates the network address into its cornepg dialled
code before continuing theetupsignal towards th&ource Redial feature in zoned,. When
the Source Redial feature receives this signal, it has records both the n&twddress and its
corresponding dialled code to use in future call attemptndd, no violation of th€oncretization
principle occurs.

Case 7: Invoicing Principle

Thelnvoicing principle states that the cost of all subcalls is billed tmsaiser. The c for this principle
does not follow the pattern of the remainder of these caseguse thénvoicing principle’s only concern
is that theBilling category be added to the call path each time the call attgamitions from one subcall
(e.g., address zone) to another. By design, we know thaBillieg category is added to the call path
whenever the Network’s address zone is entered, and thatamsition between subcalls is managed by
the Network’s address zone. Thus, Biling category is added each time a transition between subcalls is
initiated and the cost of the subcall is billed to some usenaviolation of thdnvoicing principle exists.

Case 8: Network Principle

TheNetwork principle states that all dialled codes must be translatextheir corresponding network
address before reaching the Network’s address zone, whiehthis address to direct the call attempt to
the next address zone. TNetwork principle is violated when thalias feature fails to update the dialled
code before it reaches the network. The subcases to comsiler

161



1. Multiplex - Alias

2. RedCall - Alias

whereRedCall is any feature category that can redirect a call attempt @itamate location (i.eDele-
gate, Filter, Target Redirect, Source Redirect andTarget Redial).

Case 1.1:Multiplex - Alias

In this case, we explore the possibilities of an interacbetween thévultiplex andAlias categories.
TheNetwork principle can be violated only during the initializationatall attempt in the source region,
when a dialled code is entered by the caller. Therefore, weider call scenarios with an incoming or
outgoingsetupsignal. Multiplex features add another layer to our analysis as we must congfdeher
or not the subscriber®iultiplex feature is already active.

Assume that the features are ordered as in Figure B.9.

v CL,|[] *+*|Alias]** —°"|Mu1tiplex"-— Cof = Cty
) QOutgoing Signal >

Figure B.9. This figure shows that a feature category Alias is in address zone Ap, while the
Multiplex category is in the address zone ~ A,.

Non-active Multiplex
Consider the case in whidfultiplex is not active when the call attempt is initialized.

Outgoing setup signal to dialled code (source region):The Alias feature in zone4, is triggered by
receipt of thesetupsignal and translates the dialled code into its correspgndetwork address.
TheAlias feature continues the call attempt, which enters and daetivtaeMultiplex feature. When
the Multiplex feature continues the call attempt, thetupsignal eventually reaches the Network
address that directs the call attempt into the target regimhuses the translated network address
to continue the call attempt. Since the network addressadadle, no violation of theNetwork
principle exists.

Active Multiplex
Consider the case in whidtultiplex is already active.

Outgoing setup signal to dialled code (source region):Suppose that thélias feature is on the sub-
scriber side oMultiplex in the source region, as shown in Figure B.9, and the uséatesta new
call attempt by triggering #Multiplex feature that exists in an already established call in which
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the user is currently involved. In this situation, tAkas feature is bypassed because the new call
attempt is generated by tihdultiplex feature, which means treetupsignal does not pass through
the Alias feature, and the dialled code is not updated byAhas feature. This call attempt will
fail and a violation of theNetwork principle occurs, because the call attempt is continuechby t
Multiplex feature and the Network’s address zone is reached witheuitiiled code being trans-
lated. According to the principles of IAT, this is the correolution, since the caller chooses to
act in the role ofA, when using4,’s Multiplex feature to initiate a new call attempt. That is a
call initiated by a more abstract source address zone, dmmilhave access to features in a more
concrete address zone.

Next, we consider the alternate feature ordering shown guur€i B.10. Once again, we analyze the
generation of theetupsignal issued with a dialled code in the source region.

Al AP Aq Az

ool 1| - Maltplest-— {Ais|-+H| ct ]

> QOutgoing Signal >

Figure B.10. This figure shows that the ~ Multiplex category is in address zone A, while a
feature category Alias is in the address zone A,

Non-active Multiplex
Consider the case in whidflultiplex is not active when the call attempt is initialized.

Outgoing setup signal to dialled code (source region):The Multiplex feature in zone4, is triggered
by receipt of thesetupsignal and becomes active. Thtiltiplex feature continues the call attempt,
which enters and thalias feature. TheAlias feature translates the dialled code into its correspond-
ing network address and continues the call attempt. Whesdhgosignal eventually reaches the
network address that directs the call attempt into the taeggon is reached, it uses the translated
network address to continue the call attempt. Since theorktaddress is available, no violation
of the Network principle exists.

Active Multiplex
Consider the case in whidWultiplex is already active.

Outgoing setup signal to dialled code (source region):Suppose that thelultiplex feature is on the sub-
scriber side oAlias in the source region, as shown in Figure B.10, and the ud&tes a new call
attempt by triggering Multiplex feature that exists in an already established call in whehuser
is currently involved. In this situation, tHdultiple feature generates a new call attempt, and the
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setupsignal passes through tiAdias feature inA,. TheAlias feature translates the dialled code
into its corresponding network address, before contintlvegcall attempt. When the Network ad-
dress that directs the call attempt into the target regiaeashed, it uses the translated network
address to continue the call attempt. Since the networkeadds available, no violation of the
Network principle exists.

Case 8.2:RedCall - Alias

This is a subcase of the one we explored in Case 4.1 oAtwoessibility principle. That is if we
replace theDther feature with anAlias feature, we discover that thidias feature is always accessible.
This means that thélias feature is applied during a call attempt regardless of witaselocated with
respect to th&®edCall feature, thus any dialled code is correctly translateditstoorresponding network
address before the Network address zone, which directsathatiempt into the target region, is reached.
Therefore, there is no violation of thidetwork principle.

Case 9: Personalization Principle

The Personalization principle states that aliases should be used, when they, edienever user-
related information is presented to or recorded by the siiesc ThePersonalization principle is vi-
olated when arf\lias feature translates an incomirsgtupsignal after the call information has been 1)
presented or 2) or recorded. The subcases to consider are:

1. Presentation - Alias

2. Redial - Alias

Case 9.1:Presentation - Alias

We consider the receipt of getupsignal in the either region. Furthermore, sinceAdias feature is
present in the call path, an outgoing call attempt can be rteadéher 1) a dialled code or 2) a network
address.

Assume the features are ordered as shown is Figure B.11.

Outgoing setup signal to dialled code (source region):The Presentation feature in zoneA, is trig-
gered by receipt of theetupsignal and uses the dialled code to present information bmatke
caller. The call attempt is continued, and thefupsignal enters thélias feature in zone4,,
which translates the network address into its correspgndade and stores it in the alias field if
such a code existsThe information presented to the user includes the diaketdcand therefore
the Personalization principle is not violated.

Outgoing setup signal to network address (source region):The Presentation feature in zoneA,, is
triggered by receipt of theetupsignal and uses the network address to present informagiok b

4If the dialled code is not translated, then a violation oflklegwork principle occurs and the call attempt cannot
be completed.
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Incoming Signal
Ap Aq A,
— | Present [+ ++ [Alias| «** | Ct,|**| Ct

y
Qutgoing Signal - network address >
> Qutgoing Signal - dialled code >

Figure B.11. This figure shows that a feature category Presentation is in address zone Ap
and the Alias category is in the address zone ~ A,,.

to the caller. The call attempt is continued, S&tupsignal continues towards thdias feature in
zoneA,, which determines and records the alias mapping for thearktaddress, if one exists. If a
mapping does not exists for the network address, theRe¢hgonalization principle is not violated
since there is not alias mapping to present to the caller.

However, if the a mapping does exists for the network addibses thePersonalization principle

is violated, since there is an alias mapping for this netwamtllress and it was not to present to
the caller. However, because zoAg is more concrete than zoné, in the target region, it has
priority with respect to responding to outgoing signals;aading to IAT principles, and thus this
is an acceptable violation. Furthermore, the existancd@fatias is determined when the caller
is acting in the role of4,, and thus it is acceptable that more concrete adddgsshould not use
information generated in a more abstract address zone.

Incoming setup signal (target region): TheAlias feature in zoned,, is triggered by receipt of theetup
signal and translates the incoming network address to ireggonding alias, if one exists. The
call attempt is continued, th&etupsignal continues towards tli&resentation feature in zoned,,
which presents both the network address and any alias iatmabout the incoming call to the
callee. Since the information presented to the user insltide dialled code, thBersonalization
principle is not violated.

Next, we consider the alternate feature ordering showngnir€i B.12. Once again, we separate our
analysis of the cases based on the direction (incoming @omg) of thesetupsignal and the region

(target or source) of the interaction, and whether or notafledi code or network address was used to
initialize the call.

Outgoing setup signal to dialled code (source region):TheAlias feature in zoned,, is triggered by re-
ceipt of thesetupsignal and translates the dialled code into its correspmndetwork address
before continuing theetupsignal towards théresentation feature in zoned,. When thePre-
sentation feature receives this signal, it uses the network addregdiafied code when presenting
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Incoming Signal <
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y
Qutgoing Signal - network address >
> Outgoing Signal - dialled code >

Figure B.12. This figure shows that a feature category Alias is in address zone Ap, while the

Presentation category is in the address zone ~ A,.

information to the caller. Since the information presentethe user includes the dialled code, the
Personalization principle is not violated.

Outgoing setup signal to network address (source region):Similarly, there is no violation of ther-
sonalization principle in this call scenario. Thelias feature in zoned,, is triggered by receipt of
the setupsignal and translates the network address into its cornebpg code, which is stored in
the alias field if such a code exists. Thetupsignal is then continued towards tReesentation
feature in zone4,, which uses the network address and dialled code to prasientiation to the
caller. Since the information presented to the user incdule dialled code, thBersonalization
principle is not violated.

Incoming setup signal (target region): The Presentation feature in zoned,, is triggered by receipt of
the setupsignal and presents the network address of the incomingattalnpt to the callee, and
continues the call attempt. Tisetupsignal continues towards tidias feature in zoned,,, which
determines and records the alias mapping for the netwonteaddif one exists. If a mapping does
not exists for the network address, then Beesonalization principle is not violated since there is
not alias mapping to present to the callee.

However, if the a mapping does exists for the network addtaes thePersonalization principle

is violated, since there is an alias mapping for this netwam@ress and it was not to present to
the callee. However, because zaAg is more abstract than zong, in the target region, it has
priority with respect to responding to incoming signalssading to IAT principles, and thus this
is an acceptable violation. Furthermore, the existancaettias is determined when the callee is
acting in the role of4,,, and thus it is acceptable that more concrete addégsshould not supply
information to a more abstract address zone, suci,as
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Case 9.2:Redial - Alias

We consider the receipt of getupsignal in the either region. Furthermore, sincefdias feature is
present in the call path, an outgoing call attempt can be rteadéher 1) a dialled code or 2) a network
address.

Assume the features are ordered as shown is Figure B.13.

Qutgoing Signal - dialled code >

Ap Aq A,
| Redial [roo[— - Alias| ** || Cty| | Ct,
Qutgoing Signal - network address >

Figure B.13. This figure shows that a feature category Redial is in address zone Ap and the

Alias category is in the address zone ~ A,.

Outgoing setup signal to dialled code (source region):The Redial feature in zone4,, is triggered by
receipt of thesetupsignal and uses the dialled code record call back informdtothe caller. The
call attempt is continued, and tisetupsignal enters thélias feature in zoned,, which translates
the network address into its corresponding code and stdrethe alias field if such a code exists. .
The information recorded by the user includes the dialletecand therefore theersonalization
principle is not violated.

Outgoing setup signal to network address (source region):TheRedial feature in zoned,, is triggered
by receipt of thesetupsignal and uses the network address to record informatictiméocaller. The
call attempt is continued, theetupsignal continues towards thdias feature in zone4,, which
determines and records the alias mapping for the netwonteaddif one exists. If a mapping does
not exists for the network address, then Begsonalization principle is not violated since there is
not alias mapping is recorded by the caller.

However, if the a mapping does exists for the network additbses thePersonalization principle
is violated, since there is an alias mapping for this netwamlress and it was not recorded by
the caller. However, because zoAg is more concrete than zong, in the target region, it has
priority with respect to responding to outgoing signals;ading to IAT principles, and thus this
is an acceptable violation. Furthermore, the existancd@fatias is determined when the caller
is acting in the role of4,, and thus it is acceptable that more concrete adddgsshould not use
information generated in a more abstract address zone.

5|f the dialled code is not translated, then a violation offdetwork principle occurs and the call attempt cannot
be completed.
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Incoming setup signal (target region): TheAlias feature in zonel, is triggered by receipt of theetup
signal and translates the incoming network address to ieggonding alias, if one exists. The
call attempt is continued, theetupsignal continues towards thitedial feature in zoned,,, which
records both the network address and any alias informationtethe incoming call to the callee.
Since the information recorded by the user includes théedialode, thd’ersonalization principle
is not violated.

Next, we consider the alternate feature ordering showngairéi B.14. Once again, we separate our
analysis of the cases based on the direction (incoming gomd) of thesetupsignal and the region
(target or source) of the interaction, and whether or notalladi code or network address was used to
initialize the call.

Incoming Signal <
A Ay A
— | Alias|*e+ | Redial [oq—| Ctyf | Cty
Qutgoing Signal - network address >
> Qutgoing Signal - dialled code >

Figure B.14. This figure shows that a feature category Alias is in address zone Ap, while the
Redial category is in the address zone  A,.

Outgoing setup signal to dialled code (source region):The Alias feature in zone4, is triggered by
receipt of thesetupsignal and translates the dialled code into its correspndetwork address
before continuing theetupsignal towards th&edial feature in zoned,. When theRedial feature
receives this signal, it uses the network address and diatide when recording information for
the caller. Since the information recorded includes théadiaode, théPersonalization principle
is not violated.

Outgoing setup signal to network address (source region):Similarly, there is no violation of ther-
sonalization principle in this call scenario. Th&lias feature in zoned,, is triggered by receipt of
the setupsignal and translates the network address into its cornebpg code, which is stored in
the alias field if such a code exists. Thetupsignal is then continued towards tRedial feature
in zone 4,, which uses the network address and dialled code when riagorformation. Since
the information recorded includes the dialled code,RBesonalization principle is not violated.

Incoming setup signal (target region): The Redial feature in zoneA, is triggered by receipt of the
setupsignal and records the network address of the incoming ttalingt to the callee, and con-
tinues the call attempt. Theetupsignal continues towards th&ias feature in zoned,,, which
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determines and records the alias mapping for the netwonteaddif one exists. If a mapping does
not exists for the network address, then Begsonalization principle is not violated since there is
not alias mapping to be recorded.

However, if the a mapping does exists for the network addthes thePersonalization principle

is violated, since there is an alias mapping for this netwamtllress and it was not to recorded.
However, because zong, is more abstract than zong, in the target region, it has priority with
respect to responding to incoming signals, according togé¥iciples, and thus this is an acceptable
violation. Furthermore, the existance of the alias is deiieed when the callee is acting in the role
of A,, and thus it is acceptable that more concrete adddgsshould not supply information to a
more abstract address zone, suciigs

Case 10: Presentation Principle

The Presentation principle states that only information about incoming €dliat can reach the sub-
scriber’'s end device should be presented to the subscehdrall calls that reach the subscriber's end
device should be presented, when the a presentation féstsubscribed to. ThEresentation principle
is violated when @&resentation feature presents information about an inconsegupsignal and the call
attempt is then 1) terminated or 2) or redirected, or when &llareaches the end device without first
being presented. The subcases to consider are:

1. TRedCall - Presentation
2. TermCall - Presentation

3. Multiplex - Presentation

whereTRedCall is any target feature category that can redirect a call git¢éman alternate loca-
tion (i.e., Delegate, Filter, and Target Redirect) and TermCall is any target feature category that can
terminate a call attempt (i.e€=jlter, Set Outcome, andTarget Block),

Case 10.1:TRedCall - Presentation

Assume the features are ordered as shown in Figure B.17Pfdsentation principle can be violated
only during the initialization of a call attempt in the tatgegion, so we consider the subcase where an
incomingsetupsignal is received.

Incoming setup signal (target region): The Presentation feature in zoneA, is entered first, and the
call attempt is presented to the subscriber's end deviaktlan the call attempt is continued to-
wards therRedCall feature inA4,,. AddressA,’s TRedCall feature causes the call to be redirected
to another address zone, which may or may not involve thecsibles. A violation of thePresen-
tation principle occurs, since the call attempt is redirected taltarnate address zone and the call
attempt does not reach the end device corresponding todtiress zone, despite the fact that the
call attempt has already been presented. However, becaneelz is more abstract than zons,
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Incoming Signal <
Ay Ag A

—{***[ TRed [** [ Present 3| Ct,|*** Cty

Figure B.15. This figure shows that a feature category TRedCall (T Red) is in address zone
A,, while the Presentation (Present) category is in the address zone ~ A,,.

in the target region, it has priority with respect to resgogdo incoming signals, according to IAT
principles, and thus this is an acceptable violation.

Next, we consider the alternate feature ordering shown guiréi B.18. Once again, we analyze the
cases where an incomirsgtupsignal is received.

Incoming Signal <
Ap Aq A
eof—eee] TRed [eoe}— th ces Ct

—+| Present

Figure B.16. This figure shows that the ~ Presentation (Present) category is in address zone
A,, while a feature category TRedCall (T Red), which can be any target feature category
that can redirect a call, is in the address zone ~ A,.

Incoming setup signal (target region): The TRedCall feature in zoned, is entered first and redirects
the call attempt to another address zohe The setupsignal is continued and enters tReesen-
tation feature in zone4,,. The call attempt is then presented to the subscriber’s evidel before
continuing the call attempt. This call attempt eventuaépahes the end device and there is no

violation of thePresentation principle.
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Case 10.2:TermCall - Presentation
Assume the features are ordered as shown in Figure B.17Pfdsentation principle can be violated

only during the initialization of a call attempt in the tatgegion, so we consider the subcase where an
incomingsetupsignal is received.

Incoming Signal <
Ay Aq A
—***[ Term [**—{*[ Present [-~17| Ct,| ***[ Ct

Figure B.17. This figure shows that a feature category TermCall (Term), which is any feature
category that can terminate a call attempt, is in address zon e Ap, while the Presentation

(Present) category is in the address zone Aq.

Incoming setup signal (target region): The Presentation feature in zoneA, is entered first, and the
call attempt is presented to the subscriber’s end device,tlaen the call attempt is continued
towards theTermCall feature inA4,. AddressA,’s TermCall feature terminates the call attempt.
This results in the violation of theresentation principle, since the call attempt has been presented
to the subscriber’'s end device, but the call attempt is pitexk from reaching the end device.
However, because zong, is more abstract than zong, in the target region, it has priority with

respect to responding to incoming signals, according todéciples, and thus this is an acceptable
violation.

Next, we consider the alternate feature ordering shown guuréi B.18. Once again, we analyze the
cases where an incomirsgtupsignal is received.

Incoming setup signal (target region): The RedCall feature in zoned, is entered first and terminates
the call attempt. There is no violation of tReesentation principle, since the call attempt is not
presented to the subscriber’'s end device.

Case 10.3:Multiplex - Presentation

In this case, we explore the possibilities of an interactetween theMultiplex and Presentation
categories. Th®resentation principle can be violated only during the initialization atall attempt in
the target regionMultiplex features add another layer to our analysis as we must congidgher or not
the subscriber$iultiplex feature is already active.

Assume that the features are ordered as in Figure B.19 arsideorthe case in whicMultiplex is
already active.
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Incoming Signal <
Ay Aq A,
| Present [r++—++| Term |=+s—| Ct|***| Ct,

Ouigoing Sigal >

Figure B.18. This figure shows that the ~ Presentation (Present) category is in address zone
Ap, while a feature category TermCall (Term), which can be any target feature category that
can terminates a call attempt, is in the address zone Aq.

Incoming Signal <«
A Aq A
oo Present ---—---|Multiplex“‘_ Clif | Oty

Figure B.19. This figure shows that a feature category Presentation (Present) is in address
zone A,, while the Multiplex category is in the address zone ~ A,.

Non-active Multiplex

Incoming setup signal (target region): When theMultiplex in addressA4, is not in use and receives a
setupsignal, it initializes the feature and continues #egupsignal unchanged. THeresentation
feature in zoned,, presents the call attempt to the subscriber’s end devidereoeontinuing the
call attempt. This call attempt eventually reaches the erwicd and there is no violation of the
Presentation principle.

Active Multiplex

Incoming setup signal (target region): Suppose that thBresentation feature is on the subscriber side
of Multiplex in the target region, as shown in Figure 4.8, and\thitiplex feature is already in use,
when the incomingsetupis received. ThéMultiplex feature in zoned, reacts to this call attempt
by performing an action that allows the subscriber to irtievéth the new call attempt. However,
because of the manner in whitkultiplex features are designed, teetupsignal is not propagated
through the remaining features in the call path; insteadvibitiplex feature notifies the subscriber
of the new call using either the existing voice connectioradeature-specificsignal along the
call path. If the existing voice connection is used, instethe typical signal routing through
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the features’ ports, then thieresentation feature does not receive any signal. Alternatively, if the
Presentation feature receives &eature-specificsignal, it may not recognize the signal and may
behave transparently. In either case, Bmesentation feature in zoned,, does not present the call
attempt regarding this incoming call, and tReesentation principle is violated. However, when
the user accepts this incoming call, she is doing so in the ebthe address zong,, interact-

ing with the address!,’s Multiplex feature. Hence, it is acceptable that the features in the& mor
concrete address zong,, do not record information about this call.

Next, we consider the alternate feature ordering showngnir€i B.20. Once again, we separate our
analysis of the cases based on whether or novihiiplex feature is active.

< Incoming Signal <
— A Ap Aq A
/!\ *[Cl, —"+Vlu1tiplex"°—"- Presentf+<—| Cty| ***{ Ct,

Figure B.20. This figure shows that the ~ Multiplex category is in address zone A, while a

feature category Presentation (Present) is in the address zone Aq.

Non-active Multiplex

Incoming setup signal (target region): ThePresentation feature in zonel, is entered first and presents
the call attempt to the subscriber, and then continueséhgpsignal. When the signal reaches the
Multiplex feature in zoned,,, the feature becomes active and continues the incomingitathpt.
Eventually, the call attempt reaches the end device. Herceiolation of thePresentation prin-
ciple occurs, since the call attempt has been presentedelibi® call reaches the end device.

Active Multiplex

Incoming setup signal (target region): ThePresentation feature in zonel, is entered first and presents
the call attempt to the subscriber, and then continueséhgosignal. When the signal reaches the
active Multiplex feature in zone4,, the incoming call attempt will be processed and presented
to the user as designed. Hence, no violation ofRhesentation principle occurs, since the call
attempt has been presented before the call reaches theaoe. de
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Glossary

Abstract Address Zone
using IAT terminology, an address zone that is closer to ét@ork is more abstract than an address
zone nearer the subscriber. 15

Address Zones
the different locations that make up the call path. Thisudek locations such as telephones, user
addresses, network routers, and PBX devices. 14

Applied Feature List (AFL)
a list containing the features currently applied in thid path. 101, 107, 108

Allow Criterion Violation List
a list of all feature orderings known to cause criterion &imns but whose presence is deemed
acceptable for inclusion in the optimal ordering list. 93

Allowable Criterion Violation List (AllowCritList)

the list of known feature ordering that can result in a ciderviolation, but whose presence is
deemed acceptable for inclusion in the Optimal Feature @rgle Allowable criterion violation
elements are due to the presence of a criterion limitati8n99, 102, 109, 111, 120, 128, 130, 137,
187

Bound Feature

a feature such that a single instance of the feature exisgaith user, and all calls involving the
user are routed through this instance of the feature. 16

Call Path

an execution path that represents the progress of a chiftampt, which contains the feature
modules that are added one at a time during initiation thgpsettthe call. 12

Call Scenario

is a specific feature ordering together with a specific seeafure data that is used to simulate a
call attempt. 93
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Call Segment
a portion of the call path that can be linked to other call seigimito form a complete call path[28].
93

Call State
represents the current execution state of each call at@mddhe call attempt’s effect on the model’s
environment. 93

Call Tree
a tree representing all possible call paths for a call sefygieen a specific ordering of features and
a set of subscriber data. 93

Call Database (CallDB)
a list of information recorded by features in response tathieent call attempt. All recorded values
relating to a call will be lost when the call is torn down. 1@R4, 105, 109

Callee

the user who receives a call. 11
Caller
the user who initiates, or whose features initiate, a call. 1

Call Identifier (CalllD)
a list of variables that together represent the currenairts of a call. 101-104, 107, 108

Categorization Approach
an approach that separates features into categories asiarstep to determining a priority order-
ing for the full set of features. 1

Categorizaton
the process of grouping together items (e.g., feature®ddbas a given set of properties (e.g.,
functionality). 3

Call List (CList)
a list of calls and their corresponding signals that arestuly simulated in our modelled telephony
environment. 101, 103, 104, 107, 108

Call Name (CN)

the name of the current call segment. 101, 108

Concrete Address Zone

using IAT terminology, an address zone that is closer to thesaiber is more concrete than an
address zone nearer the network. 15
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Constraint Violation List

a list of all feature orderings known to cause constrainiaions. 93

Constraint-Violation List (ConVioList)
the list of known feature ordering that can result in a caistrviolation. 93, 95, 103, 108, 111,
119, 120, 122, 128-130, 187

Category Representative Feature (CRF)
a feature whose design simulates the basic underlying mhranf any feature in this category. 95,
101, 103, 112, 117, 126-130, 132-135, 139, 187

Criterion Violation History List (CritHis)

a list of all criterion violations that have occurred thusifathis call attempt. 101, 107, 108

Criterion-Violation List (CritVioList)
the list of known feature ordering that can result in a agewiolation. 93, 95, 103, 109, 111, 120,
122, 128-130, 187

Call Stage (CS)

a data structure representing the different stages of aeealh call stage instance contains a specific
call stage and the current address information, taking dhm fCallStat( Region, Zone, Source,
Target, Alias). 99-101, 107, 108

Detection
a technique that identifies feature sets that can interaenviline features are combined in the sys-
tem. 31

Device-specific Interface Module

a module associated with a device and that translates befretocol signals understood by pro-
tocol signals understood by features and the device sigesigd and understood by the device.
9

Distributed Feature Composition (DFC)
is AT&T's pipe-and-filter architecture is a virtual architare for telecommunications used for
feature specification and composition, which supportaufeainteraction management 2

Dynamic Data

records information that pertains to the structure of théaad stores information such as the

composition of the call (e.g., a feature has been added,ca& wainnection has been established),
state information for each feature in the call, and the seigofals found in the message queues for
each feature. 22
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Feature

is any add-on functionality that extends the basic servicéeature is made up of several feature
modules that execute the feature’s functionality. The thature is used to refer to either a feature
or its modules. 9

Feature Interaction
a feature interaction occurs when the presence of one &mtuhe system modifies the expected
behaviour of another feature in the system. Feature irtterecare often intentional and may be
either desirable or undesirable. 1

Feature Transition Rule
a feature transition rule that simulates the behaviour &adure upon receipt of any input signal.
93

Filtering
a technique used to reduce the number of subsets of feahataiseed to be tested or analyzed for
interactions. 30

Free Feature

a feature such that a new instance of the feature is createddh call. 16

Ideal Address Translation(IAT)

a methodology introduced by Zave in [52] to determine howuess in different address zones
should work together. 15

Input Signal (InSig)

a data structure containing the input signal and its dioectl01, 103, 104, 107, 108

Intra-category

the set of features located within a single category. 4

Modular Development

is used to separate complex systems into smaller, more reabliggpieces called modules. The
code within each module is written in isolation from the rémdar of the system, and access to
information in other modules is obtained through the moslutgerfaces. 1

Module

a component that is part of a feature’s implementation. 9
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Network

the location in the call path, where the routing of the caibtiyh the switching system of the basic
telephony system is represented. 12

Ordered Feature List (OFL)
an ordered list of the features that are used to form thigpedii. 101, 104, 107, 108

Violation-Free List (FreeVioList)
a list of all feature orderings that do not contain any caastror criterion principles. 93, 95, 102,
108, 109, 111, 120, 122, 128, 130, 136, 189

Output Signal (OutSig)

a data structure containing the output signal and its dnrectL04, 107, 108

Ports

the access point through which each feature communicaterimiregy and receiving signals. 18

Prevention
a technique avoid interactions by coordinating featuresh ghat interactions are prevented from
occurring. 33

Principle Assertions

the assertions defining the required and acceptable systhaviour. 93

Principles of Proper System Behaviour
a set of principles that define acceptable (or unacceptbblgdviours in the global system. 4
Prioritize

a set of items (e.g., features) are ordered with respectd@oather according to precedence. 1

Resolution

a technique that determines an acceptable integratedibah&or a set of interacting features. 36
Service
is the core functionality of a system. 9

Signal

any inter-feature communication, which may be a messageyami, a method invocation, and so
forth. 18
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Signal Table

a table representing the history of signals travelling glamgiven call path. 93

Source Region

the caller’s portion of the call path. 13

Segment Stage (SegStg)
the stage of the current call segment, can be one of the fiolgpwsApp, sStartCon, sConnected,
vLink, sAnswer, sComplete. 99-101, 107, 108

Static Data
records information that persists beyond the lifetime oél such as feature data (e.g., who sub-
scribes to which set of features) and system data (e.gndikecords). 22

Subcall

any continuous portion of the call path. 18

Feature Data Database (FeatData)
is a database that holds subscription information for afsign the system, including the list of
features subscribed to by each subscriber and subscriptiormation relating to each of those
features. For example, when a subscriber uses a call bipééature, then FeatData contains a list
of numbers that this blocking feature uses to determine veheall should be blocked. 102, 104,
106, 109

Subscriber
the user who signs up for and pays for the feature, which mayayr not be the user who invokes
or is affected by the feature. 11

System Database (SysDB)

a list of information recorded by features to the main systitabase. All recorded values are
permanently retained unless specifically removed or updatea feature. 102, 104, 105

Target Region

the callee’s portion of the call path. 13

Telephony Prolog Model (TP model)
our representation of the Telephony environment in Pro@8, 95, 97-109, 111, 112, 117, 119,
122,123, 125, 126, 128, 130, 131, 137-139, 187

Transparent

an execution propagates the incoming signal unchangee toetkt feature in the call path without
changing the state of the feature’s CFSM and with no chamgée tdatabase data. Such transparent
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execution gives the appearance that this feature does isbtagd that a direct connection exists
between the feature module’s neighbours. 22
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CRF, 92, 126
ConVioList
definition, 95
CritVioList
definition, 95
TP model
definition, 92

address zone, 14
abstract, 15
concrete, 15
address zones, 14
allowable criterion violation list, 93, 102, 111
also seeAllowCritList
allowable ordering, 111, 120
applied feature list, 101
also seeAFL

call
established, 11
incoming call, 13
outgoing call, 13
call database, 102
also seeCallDB
call identifier, 101
also seeCalllD
call list, 101
also seeClList
call name, 101
also seeCN
call path, 12, 93
call scenario
definition, 93
call segment, 17
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active, 100, 103
definition, 93
executing, 100
call stage, 101
also seeCS
cAdd, 97
cAnswer, 99
cDone, 99
cEnd, 99
cValid, 97
cVLink, 99
netLink, 98
call state, 93, 102
definition, 93
call tree, 112
definition, 93
callee, 11
caller, 11
categorization, 3
category
categorization approach, 1
intra-category, 4
category representative feature, 103
also seeCRF
constraint-violation list, 93, 103, 111
also seeConVioList
criterion-violation history list, 101
also seeCritHis
criterion-violation list, 93, 103, 111
also seeCritVioList

data
dynamic data, 22
static data, 22



dynamic data, 22
static data, 22
detection, 31
CHISEL, 32
formal methods, 32
Finite State Machine (FSM), 33
LOTOS, 33
requirements model, 32
SCF3M/Sculptor, 32
device-specific interface modules, 9
Distributed Feature Composition, 9
Distributed Feature Composition (DFC), 2

feature, 9, 27, 104-106
bound feature, 16
free feature, 16
module, 9
transition rule, 93, 104

also sedransrule
definition, 93

feature data database, 102
also sed~eatData

feature interaction, 1, 2, 23, 27
shared-variable interaction, 27, 34, 37, 40
constraint-violation interaction, 28, 35, 37
data-modification interaction, 28, 35, 40
global-invariant interaction, 4, 28, 35
race-condition interaction, 30
reachability interaction, 29, 35
resource-contention interaction, 29, 35, 37
user/feature interaction, 29, 35

feature privacy, 43

filtering, 30
Use Case Maps (UCM), 31

Ideal Address Translation, 15, 69
principles, 44, 69, 72, 153

modular development, 1
module, 10
device-specific interface, 11
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feature, 10
bound feature, 17
free feature, 17
network, 12

network, 12

optimal ordering, 91
optimization
constraint, 119, 134
criterion, 120, 134
pairwise, 122, 133
ordered feature list, 101
also seeDFL

ports, 18
prevention, 33
advanced Intelligent Network (AIN), 35, 144
Distributed Feature Composition, 34
also sedistributed Feature Composition
Session Initiation Protocol (SIP), 36, 144
principle, 91
of proper system behaviour, 4
assertion, 93
definition, 93
constraint, 108
criterion, 108
definition, 108
prioritization, 2, 3
prioritize, 1
Prolog, 91-119
definition, 92

region

source region, 13

target region, 13, 14
resolution, 36

agent-based architectures, 37

fuzzy logic, 38

negotiation, 38

arbitration, 38



direct, 38

indirect, 38
priority, 39
rollback, 42

segment stage, 101
also seeSegStg
definition, 99
sAdd, 100
sAnswer, 100
sComplete, 100
sConnected, 100
sStartCon, 100
sVLink, 100

service, 9, 27

signal, 18
table

definition, 93, 94

signals
DFC core set, 19
feature-specific signals, 20

subcall, 18

subscriber, 11

system database, 102
also seeSysDB

transparent, 22
transrule, 104-106
code, 104

semantics, 104

unsatisfiable, 120

violation-free list, 102, 111
also sed-reeVioList, FreeVioList
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