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Abstract

The teleccommunications industry is undergoing a fundamental revolution with the
introduction of intelligent networks.  In this thesis, we first give an overview of the
intelligent network, which includes the review of the motivation, technology, evolation,
standards, components and the open issucs of the intelligent network.  The emphasis of
the thesis is put on the intelligent nétwork service creation.  Three AIN (Advanced
Intelligent Network) services, namely, the call by name, the automatic telephone
dircctory service and the information query service, are designed and implemented in the
AIN Scrvice Crcal__ion Environment (SCE). An AIN multimedia fax service which is a
novel application of the AIN technology is proposed.  With a gateway between the
telephone network and the Internct, we use AIN to provide ;mlom:.u“ic addressing,
dynamic routing and flexible sclecting of document type for the multimedia fax service,
The idea and the technique used in this AIN multimedia ax scrvice bring up a new AIN
service opportunity which allows telephone subscribers to access abundant Internet
resources. The performance of this service is evaluated based on the simul:luinn model of

priority queuing system.
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Chapter 1

Introduction

The lclccommunicmion industry is undergoing unprecedented changes, as it tries to keep
pace with the fast emergence of new technologies and the diverse market demands. The
changes involvc:li) the increased use of network clements that are controlled by or
interface with software; ii) a desire to share data and distribute application processing
among nctwork elements; iii) the need for standard interfaces between network
clements; and iv) ‘lhc uscr demand for more sophisticated telecommunications services
and rapid delivery of services. This cvolution is particularly evident in the quick adoption

of the intelligent network technology by network providers all over the world.
1.1 Motivation of Intelligent Networks

Today, many teleccommunication services are developed by means of swilch software.
Creation of a new service is achieved almost exclusively by the switch vendors.

Traditionally, new services in the telephone network arc implemented by the switch



manufacturers on the local switching systems;  service specific data need to be
developed in every switch. With this approach, weams of expert developers are required
to write thousands of lines of code that will enable a switching system 1o support a new
scrvice. This calls for a lengthy and costly endeavor: up to five years and millions of
dollars arc necded for providing a new scrvice [DMK]! In addition, the services created
in this manner can not be customized. Even the smallest modifications to existing

scrvice offerings are dependent on the switch manufacturers.

Intelligent networks is the solution for the above problem. The main idea of intelligent
nctworks is 10 mecet the needs of telecommunication service providers by providing the
ability to introduce new services in a rapid and cost effective way.  From the network
point of vicw, the term “intelligent network™ is used to deseribe an architeetural coneept
for the provision of telccommunications services which are characterized by extensive
usc of central information processing techniques, modulation of the netwark functions,

reusable standard functional entitics, and eflicient use of network resources [JaTho4).
1.2 Introduction to Intelligent Networks:

The intelligent network can be viewed in three dimensions [CDLSY94), as shown in
Figure 1.1. They arc the following.

* the standards that define it;

~* the technology that creates it;

¢ the services that result from it.

ntelligent Network (IN) and Advanced Intelligent Network (AIN) represent the same concept. The
differcnce only lics in the capacity and technology enhancement of the networks {sce chapter 2), As a generil
concept, IN and AIN are used interchangeably in this thesis.



The first two points will be discussed in chapter 2. The last point is the focus of this
thesis, which is presented in chapters 3 and 4, The rest of this chapter will introduce the
components of an intelligent network, and then present a service example to show how

the intelligent network works.

Clntelligent Network )

IN Standards IN Technology IN Services

IN Elements | IN Architecture

Figure 1.1 The Aspects of the Intelligent Network

1.2.1 Components of the Intelligent Network

The components of intelligent network are shown in Figure 1.2, A brief description of the

functionality of each component follows.



- SCE

SS7
Network

SSP; Service Switching Point

SN:  Service Node

[P:  Intclligent Peripheral

ADI: Adjunct

SCP: Service Control Point

SCE: Service Creation Environmemt
SMS: Service Management System

Figure 1.2 Components of the Intelligent Network

Service Creation Environment (SCE)
The SCE is a software tool set that allows the telephone company personncl to define,
create, test, and activate services for customers. This tool sct provides a friendly

graphical user interface, so that uscrs can quickly design, modify, validate and test new

services.



Service Control Point (SCP)

The SCP is an entity which exccutes various service logic functions. It includes a
databuse containing service logic, customer and system information. Instcad of working
on cvery switch, a new service is created by inserting a new call process record (CPRY)
in a centralized database. A change in service is made by disconnecting, removing, or

modifying an existing CPR in the database

Service Switching Point (SSP)

The SSP is a switching system.  Its primary new capability is to recognize attributes,
called triggers? | of both outgoing and incoming calls. These triggers indicate a need for
the intelligent network special treatment. When a trigger is detected, the SSP will

initiate a query to the service control point for instructions on how 1o handle the call.

Intelligent Peripheral (IP)

The IP provides a new generic interlace for end-user interactions. It hosts special
resources, such as speech recognition, voice identification, text-to-voice 'l'acililics for
customization of scrvices, and supports flexible information interaction between a
subscriber and the network. The [unctionality of IP is to play announcements and prompt

to the caller, to collect the caller’s responses and to return its collection to the SCP,

Service Management System (SMS)

The SMS is a centralized operations system for service provisién. maintenance and
administration. It's responsible for inputting customer records (specific CPRs), verifying
the rccords,‘ and distributing them to a proper SCP. SMS’s maintenance and
administration functions include database backup, rccovery and updating, system

reporting, and uscr access security.

! CPR is a graphic representation of the service (see details in Chapter 3).
2 A trigger is a event indicator in the call processing model (sce detail in Chapter 2),



Commeon Channel Signaling System No. 7 (§57)
The §S7 network provides a transport function for the inteligent network service control
messages. The SSP and SCP communicate with cach other through S§7 Transaction

Capabilitics Application Part (TCAP) messages.

Adjunct {ADI)

The ADJ is {unctionally equivalent to an SCP, but is directly connected to a SSP.

Service Node (SN)
The SN contains functionality equivalent 1o the ADJ and 1P, 1t connects dircetly with one

or more SSPs and can engage in flexible information interactions with callers,

Some intelligent netwark scrvices have local characteristics in nature. Instead of
implementing this kind of service logic in the SCP, using ADJ or SN to store the service
logic can provide better performance for the services, and can reduce SS7 network traltic,
which is important because the S§7 nctwork is a potential botleneck when intelligent

network services increase in volume.

Not all above components need to be used to provide intelligent network service
capabilities. The decision concerning which nctwork clements are to be used depends on
a variety of factors, including:

* existing network characteristics and deployment plans;

» types of services tc be deployed;

+ ubiquity of services to be deploycd.
1.2.2 The Power of the Intelligent Network

An example of IN services, namely the “pizza order” service, is presented to show the

power of the intelligent network. Using the intelligent network, we do not need to know



where the nearest pizza store is located, what its open hours are, and how busy it is.
We simply dial a unique “pizza number” (e.g., 737-1111), no mauer where we are in the
country, The network will route the AIN call to the nearest pizza store which is open

and not in overload of pizza orders . The result is a hot pizza within minutes.

The flow of events and actions that might take place in the intelligent network is

shown in Figure 1.3. Note that the 887 is not shown in the figure for simplicity.

Figure 1.3 Illustration of Events and Actions Involved for the “Pizza Service”

(1) A user dials the “pizza number”, the SSP detects the trigger which indicates the
request for “pizza service™;
(2) the SSP initiates a TCAP query message based on the trigger detected, then sends

it to the SCP;



(3)

(4)

(3
(6)

(7

Upon receiving the TCAP message from the SSP. the SCP invokes the service logic
of “pizza service” which indicates the SCP to inform the 1P 10 play & pre-defined
announcement;
the IP connects the user through the SSP, prompts the user w identily user's
specific need, such as if user has preference of pizza store, and if yes, which store,
Assume the user likes “pizza hut™:

the IP returns user’s response to the SCP:
the SCP determines the telephone number of o proper pizza store based on some
criteria, such as the pizza store user wants, the nearest store (o the user, the
store’s apen hours, busy situation of the store, and then sends this number to the
SSP;
the SSP connects the caller to a pizza store which can provide the satislactory

service o the caller.

A

It can be scen that not only can the intelligent network provide value added scervices

but also it can be casily customized to fit user special needs due o the SCP centralized

control and the IP flexible user interaction. For example, when store open hours or busy

status changes, or a new store opens, clc., these information changes can be quickly

reflected in the SCP. Furthermore, this service can be modificd to suit other customers,

e.g.

retailers.” Other intelligent network services could be free phone calls (800 calls),

premium rate calls (900 calls), credit card calls, and so on.

1.3 Applicability of Intelligent Networks

As illustrated in section 1.1, the intelligent network is an architectural concept which

results in service, switch and cquipment independent networks. Compared to an



intclligent network, the networks, such as the Public Switched Telephone Network
(PSTN), Broadband or Narrow band Integrated Services Digital Network (B-ISDN or
ISDN), cellular networks, and so on, are reduced to access forms, Figure 1.4 shows that
the intelligent network is a gencral concept above access networks.  Conscquently, in
the future it will be able to sct up {ree phone calls, credit calls, ete., regardless of the type
of network used to access the intelligent network level, The intelligent network level will
he able to offer the same capabilities (services) to all access networks in a uniform way,

for example, making number translation depending on time and origin [JaTh94).

Services
SO06 - &
Imdelligent Network |
PSTN ISDN B-ISND| e« ¢ o MOBILE

Figure 1.4 Intelligent Network as a General Concept

Morcovcr, it 'will be possible for users with different means of access to call one

+ another, depending on the condition of the weakest part and on the relevant services. The
intelligent network will controi the call set up and might also determine whether the
conncc;tion between two users with different means of access is allowed for the call or

services (see Figure 1.5).



Intelligent
Networl

Broadband

N ork
PSTN ctw

Subscriber

Figure 1.5 The Weakest Part Determines the Connection

It has been claimed that the term “intelligent network™ will not be used beyond the
1990s because the AIN approach will be the only way to build various kinds of networks
[JaTh94]. In the 1970s, the “Stored Programming Control” (SPC) was a new concepl for
building telephone switches. With the SPC, computers were used 1o control centralized
intelligence (control logic) in telephone exchanges. The SPC is scldom motioned today

because it is quite commonplace.

Much similar to the revolution in building switches (nodes) with the SPC technique,
the intelligent network implementation signals the start of a revolution in building
networks. The first generation of SCPs on intelligent networks is simply components
that control and centralize intelligence in the network. In the future, the AIN concept will
be firmly inlegratéd and commonplace in all networks. So AIN is a principle goal of the
telecommunication and data communication evolution and will sooner or later become a

réalily in all networks.

10



1.4 Structure of this Thesis

In this chapter, we have introduced the driving force, the principle and the components of
the intelligent network, In Chapter 2, we will give an overview of intelligent networks,
which includes the evolution, standards, some terminology and open issucs of intelligent
networks, In Chapter 3, the platform for service creation and service creation process are
described, and the services we created are presented. In Chapter 4, an AIN multimedia
fax service, which is a novel application of the AIN, is designed and simulated. The
simulation model and the simulation rcsulls; are presented and discussed.  Chapter 5, the

last chapter, contains the summary and conclusion ol this thesis.
1.5 Thesis Contributions

The main contributions of this thesis are summarized below:

* Design qf somc new AIN services and implementation of some of them with the
Bcllcorc:&SPACE sysicm (section 3.3.1, 3.3.2, and 3.3.3);

* Design of an AIN multimedia fax service, which is a novel application of AIN
technology (section 4.1);

* Building a simulation model for the performance evaluation of the above AIN
multimedia fax service (section 4.2.3, 4.2.4, 2.4.5,4.2.6,4.2.7,4.2.8 and 4.3.2);

; Evaluation of the performance of the designed AIN multimedia fax service (section

4.3.4).

Il



Chapter 2

Overview of the Intelligent
Network

In this chapter, we give an overview of the intelligent network, which includes the

evolution, standards, some terminology and open issucs of the intelligent network.
2.1 Evolution of Intelligent Networks

During the past 30 years, telephonc hclworks huvc‘grcally cxpanded .in, terms ol the
number of subscribers served and the volume of traffic carried. The expansion of services
has been driven By the needs of the increasingly sophisticated business and residential
subscribers, and has been enabled by the widespread deployment of stored program
control (SPC) technology in the telephone networks. During the 1970s, the SPC
intelligence was beginning to be introduced in the systems whose functions were to

support the network's management and maintcnance.

12



Beginning in 1981, the network intelligence reached a new plateau when AT & T
introduced the use of centralized databases to support calling card and 800 services.
These databases are located at the network control point (NCP) system and are
accessed by SPC switches via the Common Channel Interoffice Signaling (CCIS)
network. This centralized approach allows the introduction of some services that would
otherwise be impractical due to the complexity of managing large amount of volatile data

at every SPC swilch.

In 1984, Bellcore introduced the term “intelligent network™ with the first standard,
IN/1, which was based on a centralized service control point (SCP). The SCP was used
to support alternate billing services (ABS) and 800 calling. ABS providcs‘ calling card
validlalion and other line information {unctions lor collecting the third-party billing.

Access 1o SCPs from switches is provided via the Signaling System 7 (8S7) networks.

IN/1 was a very simple design, but when a ncw scrvicé was introduced, both the SSP
and SCP had to be updated. That is, scrvices were implemented as swiltching system
features that interacted with network databases on service-by-service basis. It di‘dn'l
support a common, service-independent call model. It was recognized that a more
generic approach was needed in order to satisfy a potentially large number of services.

_Thc elfort resulied in the IN/2 architecture in 1987.

IN/2 included a greatly expanded ‘sct of switching and SCP capabilities, known as
functional components (FCs), and a new system, called the Intelligent Peripheral (IP).
The FCs defined the atomic functionality elements of the architecture and the IP provided
a platform for deploying service-assistance capabilities. In addition, IN/2 placed more
emphasis on the concept of standardized écrvicc creation environment, which would
allow services to be defined and implemented without reference to specific IN elements.

The basic idca of IN/2 was that only the SCP would be updated for a new service.
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However, implementing IN/2 would require a major updating of many local switches,
which would cause unacceptably high risks and could not be realized in a sulficiently

short time frame. As an interim stage solution, IN/1+ was delined in 1988.

IN/I+ can be viewed as a subset of IN/2, It was intended to introduce scrvice-
independent capabilities to the network within a few years, Similar to IN/2, IN/1+ used
FCs and IPs, but they were limited to a small set of functions nceded to support voice-
band scrvices. With IN/14, SSPs rcact to pre-defined cvents {or wiggers, explained in
section 2.3.2) in the switching process by requesting assistance {rom SCPs, which
cxecute the service logic. The SSP then receives orders in the form of standardized
[unctional messages through SS7, which are independent of the service, With this
architecture, it was hoped that the need for major modifications to a large number of local

switches would be minimized.

IN/1+ abandoned later based on the realization that it would be advunmgcous Lo
achieve better alignment between the IN architecture and the architecture ol'lnclwork
switches. In 1989, Bellcore established the Multivendor Interaction (MVI) forum with
the purpose of collecting the best ideas from Telecommunication companics and swilch

manufacturers to define. an architecture that would meet the long-lerm objectives of

Telecommunication companics and have the support of the switch vendors.

The IN evolution that started by the MVI forum led to the concept of Advanced
Intelligent Network (AIN). An evolutionary path was defined by a scrics of AIN
releases. Each release contains additional architectural attributes and capabilities for

supporting services.
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AIN/1 (or AIN rclease 1) was defined in 1991, 1t is the first complete intelligent
network architecture that provides a service and switch independent platform for
exccution of service logic, More importantly, for the first lime, a majority of operating
companics and manufactures have agreed on a common goal: an AIN with the

capabilitics outlined in AIN/L.

AIN/1 was targeted for later deployment. It was recognized that there was 2 huge
gap between the existing network and the envisioned AIN/L network.,  AIN/O.1 and
AINA).2, rcleased in 1992 and 1993 respectively, provide a gradual progress towards the

dircction of the AIN/I target.

As the US telecommunication industry struggled with the best evolution path to the
AIN, the CCITT (now ITU-T) begun working on recommendations for the intelligent
network. As result, the Capacity Set 1 (CS-1) and CS-2 were delined in 1992 and 1994
respectively.  The term "capacity set” refers to the set of services and service features
that can be constructed by using service independent building blocks (S1Bs). The CS-1
enables the low-risk introduction of a wide range of advanced services together with
rapid service delivery and customization capabilities [JDJV92]. The set of target CS-1
services and service features, with an emphasis on capabilities that provide flexible

routing, flexible charging, and flexible user interaction, are presented in Appendix 1

!

The conceptual model of the IN has been defined by CCITT to provide a platform for

developing the intelligent network, which is the lbpic of the next section.
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Figure 2.1 Evolution of the Intelligent Network [DMK])
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2.2 CCITT (ITU-T) IN Conceptual Model

The ITU-T intelligent network concept model is an architectural concept that meets the
needs of telecommunication service providers to rapidly, cost cffectively, and
diffcfcnlially satisly their existing and potential market nceds for scrvices, and 1o
‘improvc the qualiiy and reduce the cost of network service operations and management
IGRKKY3]. This intelligent network architectural concept has the following
chumctcrfslics: |

g., PSTNs, ISDN, B-ISDN,

(=

= it is applicable to all telecommunications networks, c.
packet switched public networks, mobile nelworks, cte.;
« it enables service providers Lo defing services independent of scrvice specific
developments of cquipment vendors;
» it cnables network operators to allocate functionality and resources clficienty,

independent of network specific developments ol equipment vendors.

The intelligent network concept model is illustrated in Figure 2.2, It consis;ts of four
plancs representing different levels of the IN abstraction:
* a service plane;
* 4 global functional plane;
* a distributed functional plane;
* a physical planc.
This conceptual model shows the IN as an integrated framework, within which all other

IN concepts are identified, characterized, and related to each other.

It is essential to distinguish between intelligent network architecture and the
intelligent network conceptual model. The architecture will evolve with increasing

service requirements and emerging technologics, but the conceptual model is intended to
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remain consistent; and it provides better understanding of the intelligent network
concept.  Table 2.1 illustrates the relationship between the implementation and the

conceptual model.

=Conccplual Modci Implementation 3
Service plane Services (the planc users see)
Global functional plane Scrvice-independent building blocks (S1Bs)
Distributed functional Functional entities (e.g.. service switching functions,
planc cte.)
Physical plane Physical products (¢.g., SCP, SSP)

Table 2.1 IN Conceptual Model vs. IN Architecture
2.2.1 Service Plane

The service planc provides a view that is exclusively service-oriented. It describes
services from a user's perspective without indicating how the services are implemented.
The service plane consists of the smallest functions called service features (SFs). A SE
is larger than a service-independent building block (SIB) but smaller than a service. A

service is realized by grouping SFs.

An important issuc of the service plane is the service or the service lealure
interaction. The service interaction means that undesired effects occur when two or more
services or SFs are used together. The SFs on the service planc are mapped to the
global functional planc (GFP) by combining SIBs on the GFP using global service logic
(GSL).
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Figure 2.2 ITU-T Intelligent Network Conceptual Model

19



2.2.2 Global Functional Plane

The global functional (GFP) deseribes units of service Tunctionality, referred w as
service-independent building blocks (SIBs). SIBs are the smallest building block that
can be found in an intelligent network., A SIB is defined as “a standard reusable network
wide capability residing in the global functionat plane used w create service features”
[JaTh94]. The basic call process (BCP) is a special SIB that handles all activitics
necessary for a normal call. SIBs arc combined by the GSL to provide a service feature,
SIBs arc scrvice-independent. The GSL is service-dependent.  The description of how

the SIBs are linked together (or the GSL) is often referred to as a service seript,

The first set of SIBs that will be commonly used, the Capability Sct | (CS-1), is
defined by the ITU-T (CCITT). The CS-1 is not a standard, but only a recommendation.
The successors CS-2, CS-3, cte,, are intended to be standards.  The subsequent
capability sets will place emphasis on lhc mobility and inter networking between

intelligent networks.

A SIB on the global functional plane must be found in one or more functional entitics

on the distributed lunctional plane (DFP).
2.2.3 Distributed Functional Plane

The distributed functional plane (DFP) describes the functional architeclure of an
intelligent network in terms of units of network functionality, referred to as functional
entities (FEs), and the information that flows between functional entitics, referred to as
relationships. The DFP architecture is vendor and implementation independent because

the functional entitics and information flow describe independently how the functionatity
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is physically implemented or deployed in the network. The intelligent network CS-1 and

the DFP architecture arc shown in Figure 2.3.

Call Control Agent Function (CCAF)

This function handles user access to the services, It resides in local exchanges.

=== Beuarcr (voice) connection control == Service control relationship

++»++ Non-IN call control === Service management relationship

Figure 2.3 The Distributed Functional Plane

Call Control Function (CCF)
The CCF or call processing provides the means for esiablishing and controlling the

bearer service on behalf of the network users. The CCF can detect service triggers of

intelligent networks,
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Service Switching Function (SSF)

This function detcrmines when the IN service logic should be invoked and how the
switching system interacts with IN service logic. The SSF is responsible for switching a
call or service to a particular location based on the instructions of the service control

function.

Service Control Function (SCF)

This is the core of the intelligent network. This function controls the whole process of
handling calls or services by giving instructions to the SSF/CCF, the SDF (scrvice data
function), and the SRF (specialized resource function). Service logic and associated data

are found only in the SCF.

Service Data Function (SDF)

This function assists the SCF with data about the customers and the networks.

Specialized Resource Function (SRF)
This function plays the role of interface between users input data and the SCE, 1t

prompts querics to a user, and collects the user response,

Sei'vice Creation Environment Function (SCEF)

The task of this function is to define, develop, and test IN based services,

Service Management Function (SMF)
This function virtually interfaces with all other function entitics. 1t is used to load and

manage the service logic.

Service Management Agent Function (SMAF)
This function op'crates as the interface between operation/maintenance staff and the

SMF.

22



2.2.4 Physical Plane

The physical plane shows how the DFP functions can be mapped into physical products
on the networks. In chapter 1, the physical components of intelligent networks, namely
SSP, SCP, 1P, SN, ADJ, SMS, SCE, arc explained. These physical nodes are the concern
of the physical plane, that is, how an FE on the DFP is allocated to a physical entity (or

physical node). Figure 2.4 shows a physical plane architecture.

Each FE must he found in at least one PE, but & PE can consist of more than one FEs
of different types. If for some reason, for example, it's needed to load two SCFs in the
same place, these two SCFs must be regarded as two difterent PEs, that is, two SCPs.
Note that not all PEs would be needed for a particular intelligent network
implementation.  The PEs required are dependent on many factors such as cxisting

network characteristics, deployment plans, types of services being deployed, and so on.

2.3 Technology behind the Intelligent Network

As described in previous sections, the primary objective of the intelligent newwork is to
reduce the time (and of course, the cost) required to introduce a new service in the
network, Conventional techniques and conventional software programming require
somewhere between two to five years from service conception to service deployment and
operation (at cost up to 35 millions)[DMK92]. With intclligent networks, this time can
be reduced to the maximum of six months. How the intelligent network makes this

'
¢

possible? The answer is given in the following,
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PEs (phystcal entilics):

ADJ adjunct

1P intelligent peripherl

SCP  service control point

SSP service switching point

SN service node

SCE service creation enviromment
SMS service management system

—— Transport .
— — Muanagement
=== Signaling

 optionat FE

FES (functional entities):

CCIF  call control function
CCATIF call control agent function
SCF  service control function
SDF  service data function

SRF  special resource function
SSF service switching function

Figure 2.4 ' IN Physical Plane Architecture
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2.3.1 Separation of Functionality and Using Centralized Control

The approach that the intelligent network uscs is “scparation” and “centralization™:
separate the functional architecture from the physical architecture, or  separate the
service functionality from physical devices (separate connection control from service
control); distribute limited solftware control; provide centralized access to the shared
data. The communication among function entitics is achicved via the common channel
signaling networks (S§7). With the above method, the work required for providing new
services can be reduced to create 6r modily the service logic and relevant databases in
one or several SCPs, rather than 1o “squecze™ software 1o a large number ol switches.
The work is further speeded up by using the reusable SIBs which are provided in the

inteligent netwaork platform,

Call control and call switching functions have historically been tied up with cach other
in the telephone exchanges, with no possibility of separating them. A call is set up
according to a step-by-step procedure, with each node deciding to which node to proceed |
next, making it impossible to obtain an overview of the call set up from one location. The

.

service logic is embedded in every switch that the service might invoke.

When the service control, such as a number translation service for 800 calls, is moved
from switches to a SCP, control of the whole service is centralized at a single point in the
nctwork, Thisl point, which is the SCP, has a total overview of the execution of the
service, including logic and data. If the service is changed or withdrawn from the network
or a new scrvice is introduced, it is mainly the SCP that will be affccted. The switches
(SSPs) become “dumb” swilc‘ﬁcs.. knowing nothing about the service logic, but only
detecting the triggcfs (éxfalaincd iin the next subsection)r of services, and switching

uccording to the order of the SCP.



2.3.2 Call Processing Model and Triggers

The capabilitics of the intelligent network are based on its eall processing model (or call
model) which is built on the call processing infrastructure of existing digital switches.
The call processing model is the sct of states (or Points In Call, PIC), transitions, and
trigger check points (or detection points), which are used to illustrate the dilferent states
that a call can go through, from the origination (the user picks up the phone) o the
termination (the user hangs up).  Figure 2.5 [FS89Y] illustrates a generalized set of

states through which a call will progress during the call processing.

A trigger refers to an event in the call processing that is made visible w the IN
service logic. When a wigger is encountered, the call processing will be suspended at
SSP, to allow a query to be sent to the SCP and a subsequent set of instructions o be
returned by the SCP. The call processing will then be resumed aler the SSP receives the
instructions of the SCP. The trigger check points are the places where the SCP can aftect
the way of call processing, that is, manipuhlc and control the call processing to provide

services.

Trigger

check points \

'

Figure 2.5 Generalized Call Processing Model and Triggers
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For example, the call processing model in Figure 2.5 provides three trigger check
points, namely the off-hook, digit collec/analysis, and routing trigger check points. As
soon as a user picks up the phone, the off-hook trigger is encountered. The SSP checks
the number of that telephone in a table to sce if an off-hook trigger is set for that phone.
If not, the call processing proceeds. Otherwise, the call processing is suspended; and the
SSP sends a query to the SCP. The off-hook trigger can support hot line services that
automatically route calls o particular destinations. For example, the emergency phones
on campus will be directly connected to a police office, or a hot line phone in an airport
will be automatically routed to a taxi company. The digit collcct]unalysis trigger provides
a place for the SCP to carry out a broad range of service logic, c.g., the service of “pizza
order”, described in chapter 1. When the unique “pizza number” (e.g., 737-1111) is
dialed, the SSP checks whether the digit collect / analysis trigger is sci for that telephone
number. If so, the SSP sends a query o the SCP. The “ﬁizza order” service will be
iﬁvokcd in lhc SCP. The SSP then will process the call according to the service logic

rewirned by the SCP. |

It can be seen that the more trigger check points a call model has, the more services
can be p%ovidcd. For instance, if the ring and busy lrigéer check points are added in the
call processing mod‘cl shown ‘in. Figure 2.5, the services such as call forward, call ring
back cuan be provid;:d. Each trigger in a call model is sc;vicc independent. The evolution
Iol' intelligent networks will expand on the varicty of triggers. The AIN/1 call model is
presented in Appéndix 2. A flexible, gencralized trigger table is a key SSP capability

that enables quicker service provisioning.
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2.3.3 Supporting Network Intelligence via Common Channel Signaling
System Number 7 (8S7)

As described in above subscctions, the magic of the intelligent network is o scparate
function cntitics resulting in the SSP and the SCP. The communication between .lhc SSP
and the SCP is achicved through an §S7 network which uses a separate channel from the
voice connection and uses packet information wanstfer. The SS7 network delivers SSPs
query message (TCAP message) to the SCP, and SCP's response message (TCAP
message) to the SSP. So the S§7 network is an integral part of the in‘lclligcnl network

architecture.
2.4 Issues in AIN Paradigm

Since AIN technology is fairly new, a number of significant technique details need to he
carefully addressed and formulated. The following are some of AIN issues which are

discussed in the AIN literature.

i

* 2.4.1 Service Creation Environment (SCE) and Service Creation
Process

Service creation-is the cornerstone of intelligent networks. The SCE is a part of the IN
architecture, which facilitates the fast service creation process. The success of the
intelligent network depends heavily upon building a comprchcﬁsivc SCE [EFH92]. A
reuse-driven SCE, which employs the seﬁice independent building block (SIB) concept,
is described in [BSK94], Based on a reusable and pchLcslcd sct of SIBs, service
providers can respond to the market in a timely manner, and the service productivity,

quality, and reliability can be assured. Through international standardization efforts and
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further rescarch studies, the SIB concept will become a reality in the near future o
enhance the service creation speed and quality.  Paper [MOYNY4) describes designing
of the SCE with the service software verification method. The verification method avoids
actual machine tests as much as possible, and provides the verification through a service
software automatic generation system and simulation using an IN service simulator.
Use of this SCE shows that the manpower necessary for verifying service logic programs

can be decreased.

In [DSDGY2], the requirements for service creation platform, which can progressively
improve flexibility and accelerate the service creation process, are presented. The service
creation process involves seven steps: conceptualization, definition, specification,
development, verification, deployment and monitoring, To enable the faster creation of
new services, the inter-operable, compatible and flexible wols are required to support
the service creation life cycle. Services must be specified in unambiguous detail without
limiting flexibility for modilication and customization. Papers [YNNU921, [DaH92] and
[HCW94] addressed the issues of methods lor the customer service requircments
collection, the opportunity to personalize service for individual customers, the service

specilication process, and the verification contents of service specilications.

2.4.2 Service (or Feature) Interaction

The service/feature interaction occurs when services interact with each other and
conscquently -cause adverse behaviors which were not intended by the dest gner Take
the automatic alarm service and lhc call forward service as an example. The automatic
alarm scrvicc'is uscd to alarm people at a specified time; the call forward service is used
to forward an incoming call to other people when the incoming call is not answered v‘viﬂthin

a certain period of time. The design of these two services is completed, posing no



technical problems when used together; however, it might cause unexpected results: a
morning wake-up call is uncxpcctcdly forwarded. So the service interaction must be
carcfully considered before intreducing a new service to the network. Testing alt possible
combinations of services is too complicated to accomplish practically.  Although a good
service (feature) specification with complete service (feature) assumptions is important,
a general solution is needed for dealing with the bulk of interactions without leature-to-

feature, interaction-specific logic.

In [YW92], knowledge expressing the relationship between service functions and
service interactions is used. The knowledge is compared with service features extracted
from a new scrvice specilication by experts; the experts must {irst extract the service
features from the new service specilication for automatic detection. Sinee this approach
depends on the extracted service features, it is not always good. In [RBY2}, scrvice
specifications are specilied by an executable langoage and the designers detect service
interactions by using an interpreter.  [ITOY4) intends to automatically detect adverse
behaviors of feature interactions by analyzing the new service specification along with
existing service specifications that are specified in accordance with the state transition

model,

2.4.3 Common Channel Signaling Network (SS7)

As described previously, the common channel signaling system plays an important role in
the intelligent network. At present, the traflic load applied on the SS7 network is

relatively low, thus there are no performance problems in terms of delays and blocking of
| packeis traveling through the SS7 networks. Howev::r, as the number and complexity of
AIN services increase, the load applied on the SS7 nctwork will increase. As a result,

the performance of the sfgnaling network might degrade, prohibiting the application of
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new AIN services, or even penalizing the existing services. For the realization of global
intelligent services, the planning and management of the SS7 network nced to be

addressed carelully.

In paper [FLMY4], the authors discuss the issues related to the definition of end-to-
end performance objectives to S§7 network elements. Two categories of performance
objectives are defined for SS7 network planners: availability objective and utilization
objective.  Paper [MFWY94] identifies various scenarios where inter network signaling
interactions would take place in the framework ol the IN, and then identifics various

requirements to cope with the scenarios,
2.4.4 Congestion Control

Due to the centralized contral architecture of the intelligent network, the SCP handles all
the service requests from SSPs. To prevent the SCP from overloading, congestion
control is required. The call gapping and windowing techniques can be used in congestion
control for intelligent networks. The call gapping refers to a technique which only allows
a pre-determined number of calls to make requests to a SCP per second. If the traffic
demand is higher than that number, only the pre-determined number of calls are sent per
second; the rest of calls are blocked or temporarily stored. When call gapping is
introduced on all connections from SSPs to the SCP, the traffic from the SSP to the SCP
can be controlled. However, this doesn’t guarantez that the SCP is not overloaded, since

one call might involve several queries which need to be processed by the SCP.

The window technique takes into account the traffic load on the SCP. The window
size determines how many SSP call requests can be accepted by the SCP based on the
number of outstanding calls, that is, the number of calls that are being processed and

haven’t been finished. When windowing is used from all SSPs to the SCP, the actual
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load on the SCP decides the traflic flow from cach SSP, so the risk of vverloading the SCP

is less than when call gapping is used. Call gapping and windowing are studied by

simulation in [PBY4].
2.4.5 Application in Mobile Communications

One of the most promising arcas for the application of the intelligent network coneept is
in the Persenal and Mobile Communication Networks (PMCNs). Current IN architecture
lacks the ability to support terminal mobility. In [BJ92], the intelligent network coneepts
in mobile communications is described.  The author presents an architecture for the
mobile intelligent network along with various implementatons and discusses major IN
aspects in mobile networks,  The functional architecture which enhances the existing IN
architeeture to provide both wire line and wircless networks services is also propused in
[SHIP93]. In [JHSHY2], the authars discuss the IN requirements for implementing @
personal communication network. They discuss the trigger cheek points of the SSP and
functional entity actions of the SCP and the requirements o implement IN personal

communication services. ]
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Chapter 3

Design and Implementation of
AIN Services

In this chapter, the platform of service creation and the service creation process will be
first described. Then, the services we created will be presented,
o

3.1 Platform for Service Creation

Three services, namely, the automatic directory service, the call by name service, and the
information query service, are designed and implemented at the AIN platform which
consists of the Integrated Service Control Point (ISCP) and the associated Bellcore

SPACE software,

3.1.1 Integrated Service Control Point (ISCP)

The ISCP is the scrvice control point of the intclligcm network developed by ‘Bellc‘ore,

and it functions as network service database. This ISCP is an on-line, real-time, fault-
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tolerant database system that provides call treatment information in response to the
query from the SSP. The application software with service-defining logic to ercate
individual call-handling instructions arce stored in the 1SCP. The ISCP determines what

actions should be taken, then issucs special call handling instructions 0 the SSP.

The ISCP node achicves very high reliability through hardware and software
redundancy coupled with automated error detection and recovery logic. To achieve an
even higher degree of reliability, application traflic may be load-shared by two distinet
ISCP nodes. In lh‘is mated conliguration, application trafTic is distributed between the
two ISCPs by the STPs (Signai Transler Points in S§7 networks). If one of the ISCPs
fails, the remaining ISCP takes the full trafTic load until the Failed ISCP is brought back
into service.  For mated operation, cach af the ISCP mates must contain a tull copy of
application customer data and must have sufficient processing capability to handle the Tull

traftic louad.

The hardware architecture of the ISCP is shown in Figure 3.1. The hardware platform
for the ISCP is the call processor. For hardware redundancy purposes, there are two call
processors for one ISCP. Each call processor is connected to cach other by dup“lcx Local
Arca Network (LAN).  The maintenance and operation console (MOC) operates and
maintains the ISCP. A local MOC, located at the ISCP site, aceesses the call processors
through duplex LANs. An optional remotc MOC accesses the local ISCP aver a

dedicated line. An optional dial-in MOC accesses the local ISCP over a dial-up line.

What network services are supported by an ISCP depends on which applications are
installed. In future versions, the iSCP will be capable of providing simultancous services
fqr rﬁultiplc applications, depending on the amount of ;rafﬁc_ and data Ircquir(:d per
application. In version 1.0 of the ISCP.' onc application is available: the Multi-Service

Application Platform (MSAP).
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Figure 3.1 ISCP Hardware Architecture

3.1.2 Multi-Service Application Platform (MSAP)

The MSAP provides real-time exccution of the services delined by the SPACE syslem

which is the operation support system for the ISCP.  After a subscriber record is created,

validated, and tested by the service designer on the SPACE system, it is sent to the

MSAP for live calf processing. As querics arrive at the ISCP from the SS7 network, they

are routed to the MSAP for processing. There are two categories of MSAP processing:
» call processing; | |

* administrative processing.



The call processing includes the functions required to process a query and 1o Tormat a
response, such as:
* parsing the query;
« determining what service logic to invoke;
« interpreting the service logic to determine the eall treatment

* formatting a rcsponse.

When the MSAP receives a query, it derives a database aceess key through service
key analysis and retrieves a Call Processing Record (CPR) from the database. The CPR
references feature logic that the MSAP retrieves.  The retrieved feature logic contains
logic opcrations and data  used 1o direet call processing.  Based on the results of
interpreting the feature logic, the MSAP uses direetives in the CPRs to determine the
cali treatment (e.g. route the call, block the call, or play an announcement). The call

treatment is encoded in the response and returned.

The administrative processing consists ol subscriber-specific adminiswative
[unctions. The nced for administrative processing is determined during call processing,
The administrative {unctions include:

» sampling at application level;

= saumpling at customer level;

* collecting selected call data;

+ sampling the number of atiempts;

« sampling the number of completion. '

3.1.3 Service Creation Tool and Terminology

The ISCP provides a workstation ‘facility that allows tclephone cdmp‘any personnel to

define, create, test, and activate IN scrvices. These tasks are accomplished using the
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SPACE soltware of Belleore. With the SPACE, the service designer and provider can
perform the following tasks in a fast and cost-effective way:
* Create new services;
* Customize previously designed services using service templates;
* Perform service validation and testing to conlirm that the service logic performs
correctly;
* Activate, or deploy, services into the live network environment;

* Administer and maintain services.

Services are created using Call Processing Records (CPRs), Call Variables (CVs),
tables, templates, and General Service Specifications (G8Ss) that are stored in the
SPACE datahase. Afler a service is created, it needs o be validated, tested by local
red-line and remote red-line traces, activated, and cnabled. Each of these service

creation components or phases is described below,

CPR

The CPR is a graphic representation of a service. Using one or more nodes (provided
by the SPACE, and cach represents a particular action or decision) in one or more
graphs, a CPR displays the flow of decisions and actions that are made dﬁring the call
processing. There are three types of CPRs; cach is denoted by a trigger. The CPR trigger
is based upon whether the call processing logic will apply to incoming calls, outgoing -
'calls,‘ or whether the CPR is accessed during call processing to 6btain the suppleﬁenlaq
call logic. The incoming call rigger is called the Difalcd Line Number (DLN) trigger; the
outgéing call lfiggcr is the callcd‘Aﬁlomalic- Nunil?er Identification (ANI) trigger; the last
type of trigger is called Hand;ovcr 1riggcr. When thé trigger i; the ANI or DLN trigger,
“the CPR kcy is the customqr’é telephone nuﬁher. The CPR key can be any '
alphanumeric string (up to 13 characters) when the lriggerJis the Hand-over trigger. A |

1
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CPR is built by connecting the graphic nodes (called CPR nodes), provided by the
SPACE system

CVs

The CVs identily the data elements whose values are processed by serviee logic
cxecution routines. CVs are defined by a tag name, scope of variable, data type. and an
optional initial value. There are two types of CVs: pre-defined and user-defined. Pre-
defined CVs arc those CVs whose name, scope, and data type are defined in the service

definition interface. User-defined CVs are defined by service designers.

Table
The table is a single or multi-columns lists of data that are used when processing a
CPR. Not all CPRs have tables associated with them.  The table key may be any

alphanumeric string that the user assigns to it.

Template

~The template is a master for a service CPR logic {rom which copics (or instances) can
be made and customized to satisly different customer service requirements. A template
is made from a CPR." Not all of the call processing logic in the CPR is made available lor
customization when the CPR becomes a template. In this way, nodes that are critical to
the implementation of the service arc kept the same for cach customer that uses the

service,

GSS

The GSS is a written description of a service, followed by lists of required and optional
nodes that drc to be used when creating the CPRs that graphically represent the service.
The GSS key may be an’y' :iii)hanumcric string lhﬁt the user assigns to it. One GSS is

delivered with the SPACE software: “gencric”. This GSS is'used when no other GSS
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can he associated with a CPR. The generic GSS is useful for service creators who are
experimenting with new services because it is defined with no nodes in the required
nodes list and all nodes in the optional nodes list, which makes any combination of nodes

allowable o a CPR.

ali 'ion
The validation is the means for determining whether the CPR is true to its associated
GSS and whether the CPR logic is acceptable by the call processing software. Any CPR
that is associated with an active GSS may be validated. In order to pass validation, any
CPR must he designed to use the nodes indicated by the GSS with which it is

associated.

Local red-line testing
The local red-line testing is used to test the call processing logic for CPR records that
have not yet been sent to the MSAP.  However, when any change is made o a CPR

(cven o the one that has already been sent to MSAP), the local red-line testing should

be performed again,

Remote red-line testin
The remote red-line testing is uscd to test the call processing logic for a CPR that has
been sent to the MSAP. The remote red-line testing mechanism stores trace information

for & CPR cach time a call is made to that CPR from the MSAP environment.

Activation -
The activation causes CPRs and tables to be sent to the MSAP and ultimately to be

used in the live telephone environment.
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Enabling
The enabling freezes a GSS or template record so that no further changes can be
made. when a GSS record is enabled, it can be associated with a CPR. When a template

is enabled, it is available for customization.

3.3 Service Creation Process

Figure 3.2 illustrates the procedures for creating an AIN telephone service, using the

SPACE software.

A GSS captures service-specific information that is relevant o cach CPR associated
with it. The GSS associated with a CPR dcl‘iﬁcs what nodes are required and what are
optional for that CPR so that it represents the service the GSS describes. A GSS is
created prior to and independently of a CPR. The GSS defines the scope for the service
that the CPR represent. Once a GSS is complclc.. it should be g:nablcd. The cnabling
process prohibits any further modilications to the GSS so that records associated with it

can be validated against the static information.

After a CPR is created by combining the CPR nodes based on the service logic and by
sctting up proper call variables and tables, the CPR should be validated. The validation
facility determines if the CPR has met the criteria stated in the GSS with which it is
associated. It also checks whether the CPR logic is apprdpriglic o.r-‘n'ol-. The validation
software provides ERROR and WARNING messages (o the service designer. The crror

must be corrected before the CPR can be activated.

Once the CPR has been successfully validated ( no error messages associated with

! \
the CPR), it should be tested using the local red-line trace facility. Local red-line trace
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simulates the placement of a call using the CPR that has been just created and validated,
and allows the designer to see whether the CPR works correctly. I the local red-line
trace facility encounters any problems in processing the simulated call, it displays
messages to inform the nature of the problem. If the tested CPR causes any red-line
trace crror messages, the problem need to be corrected with modifying the CPR and to be

re-tested by red-line trace.

The next step in the service creation process is Lo create a emplate {rom the service
CPR. A template preserves the service logie in the CPR, but allows certain values
delined in the CPR to be Cuslomizzlhic. When the template is made, adding nodes to the
graph is not permitted.  The customization is achieved by declaring values for nodes or
branches based on the customer sp'ccil'ic needs, for example, changing the value of the
Carricr node to usc diII‘I'cran carrier, or changing a time vatue of a decision node to route a

call based on dilferent time requirement.

Alter a 1emplate is defined from a CPR, it is ready to be cnabled. The cnabling
process prohibits further modifications to the template, so that instance CPRs associated

with the template implement exactly the same service.

- Once the template has been enabled, instance CPRs can be created from it. Typically
onc instance CPR is created for cach customer using the service. Instance CPRs must

be validated and tested in the same way in which initial CPRs arc validated and tested.

:

When the initial CPR or the instance CPR has passed validation and has been
successfully tested using local red-line trace, the CPR is ready to be activéled.

Activation makes the CPR available for live traffic to use.



I A new service idea emerges

y

Create a CPR for the new service
using the eenecric GSS

Y

Create a GSS for the new service

Y
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Y
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Y
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Y
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Validate cach instance CPR

A

Edit the instance CPR to fix errors
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]
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L
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Provide the new service

—

_lo customers

'

" Figure 3.2 Service Creation Procedure
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To perform a more thorough set of tests on the newly-activated CPR, the remote red-
line trace flag for the CPR is sct after passing the tocal red-line test.  An cxpiration date
and time is established for the flag that limits the duration of the call trace messages that
are received. Once the trace [lag is set, the call processing software sends red-line trace
messages back to the SPACE software for cach live traffic call which uses the CPR.
These remotely gencrated red-line trace messages are viewed from the SPACE
system’s user interface in the same manner that locally gencrated red-line trace
messages are viewed. When the live traffic tests are successful, the service is ready o

he used by customers.

3.3 AIN Services

We have proposed several Services in our project report [MYBG95]. Below we describe

‘three of them.,
3.3.1 Call by Name Service

We might have the experience that we want to call a person or organization but could not
“remember the telephone number. The Motivation of Call by Namc Service is 1o allow the
caller to kcy. in an alphanumcricl Slring. The alphanumeric string can be a person's or
organization’s name, or the alias for the person or organization which can'be easily |
remembered. For the simplicity of the description, this alphanuineric string is referred as
the na'mc of a telcphone. The call by ﬁame service is responsible for translating the name

to a telephone number which is associated with that name. The service procedure is

described as foIlows.' | iy
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Step 1

A user picks up a phone, and presses a special key (e.g.. #) or a sequence of keys to
indicate string input rather than digit input. When a SSP reccives the signal of the
special key, it knows that the string input function is required., and prepares to collect the

caller's input at string input mode.

Step 2
The user inputs ecach characters of the name with a proper sequence. Figure 3.3

shows the layout of a typical telephone key pad.

i 2 3
ABC DEF

4 5 6
GH JKL MNO

7 8 9
TUV NWXYZ

* 0 #

Figure 3.3- Layout of Telephone Key Pad

Each character ‘cﬁn be represented by two digits. A simple way to achicve the
character representation can be like the following: ﬁrst pressing the digit where the
character resides, then pressing the digit which is the position the character occupied.

For exqmple, “K” is input by pressing 52, “Y” is input by pressing 93. The digit “1”
-' can be used to scparate the words in a name. To indicate the end of the user input, the

special key “#” is pressed.
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Step 3

After the system receives the user input, it plays the announcement repeating the
‘name of the user input, and asks the user to verify the input by pressing & pre-defined
key, e.g., pressing 1 for the right name, or pressing 2 for re-input. If 2 is pressed, the

system goes Lo step 2 again, otherwise, it goes to step 4.

Step 4

In this step, the SCP searches the “name to number™ database, and looks for the
telephone number associated with the name (assuming the name is a wnique search

key). When the SCP successtully finds the telephone, it sends the number to the SSP,

¢

and the SSP makes connection bascd on the number received from the SCP. In case th
number is not found by the SCP, the system informs the caller of the problem , and
provides an optional way to solve the problem by allowing the user cither to use the
service again (going to step 2) or to use the automatic telephone directory service ‘(which

is deseribed next).

gel the person's name
or organization's name

Y

. saarch db
agalinst the nama

make
connection
. . route to
ATDS:u et the operator
auntamatic wlephone {555-1212) '
i b
roctory service ‘ orto ATDS

ST

.

Figure 3.4 . Block Diagram of Call by Name Service (implemented)

A
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3.3.2 Automatic Telephone Directory Service

Every year, telephone companies in the U.S. spend over $1.5 billion providing directory
assistance service [MLGBY4]. It usually takes an operator about 25 sceonds to
complete a directory assistance call.  Reducing one seeond in this average processing
time means savings of over $60 million a year. The purpose of avtomitic wlephone
directory service is o speed the directory assistance call processing by automation, and

to reduce the work of human operators,

The service is inveked by dialing & universal number, e.g., 411-1111. When the SSP
gets these digits, the DLN trigger is detected. The SSP initiates a query and sends w
the SCP, where the automatic telephone dircetory service logic are stored. 'l‘hé service
can be provided by using only the dial-key telephone, or the dinl-key telephone and the

speech recognition lacility. The service procedure is as follows.

Step 1
When the service is activated, [(irst it prompts the user lor the preferred language of
interaction. For instance, pressing 1 represents English; pressing 2 represents French

(assume that only English and French are used). .

Step 2

- If the specch recognition system is used, the user might be asked to repeat same
words or expressions so that the system can get used to the voice and the accent of the
. user. If for some reason the system is unable to process the user’s speech, it will inform

the user to use the dial-key pad of telephone to response the prompt of the system.

The system asks if the person or the organization that the user wants to research is

in local or remote. The indication of local and remote can be defined as: pressing i for
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local, pressing 2 fur non-local (remote). IF the number of person (or organization) is

locad, the system goes directly o step 7.

Step 4

When the number is long distance, the system asks if the person or organization is
within North America (Canada, U.S.A) or international (Evrope, Asit, Africa, Australia,
Central or South America). I the call is within North America, the system poces directly

o step 6.

Step §

When the number is long distance and is outside North America number, the system
asks the user w give the name of the country (through the dial-key pad or speech
recognition facility) or the country code (through the dial-key pad of the telephone). The
System validates the user’s input and allows the user to confirm or re-enter it, so that
the wrong input can be corrected.  However the user can be allowed to enter and re-enter
the input for the pre-defined number of times. If the number is exceeded without having a
correct input, or the next step decision” (routing of the call to the dircctory service system
which s_cr\(cs the country the user desired) can not be made based on the user’s input,

the system swilches the user’s call to a human operator.

Step 6 |

The system asks for the area code {or the state, province, city, town). The proceciurc
is similar to the one in slep 5. Aflexj collecting this informaiion, the system tries to find
the arca code; il successful, then it i'ouleé the user call to the dircctory database server of

that arca; if failed, it informs the user and connects the user to a human operator.

After the system successfully identifics the directory database of the required area, it

trics to lind the number for the user. This task can be carricd out by a service logic
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similar to the call-by-name service logic described carlier (sce section 3.3.1). I the
name is not unique in the database, the system informs the user about the number of
itcms on the list and asks if i) the user can provide additional information, or ii) the user
prefers to hear the list with additional information and allows the user 0 make a choice,
or iii) asks the user to provide additional information. The possible additional information
that the system could ask are the following:

* the area which the called party is located;

* the possible address of the called party (if it is known to the caller);

* part of the postal code @ the cailer remembers):

* a few of the digits in the telephone number (if the caller remembers;

» the type of profession {c.g., cducation, engineering, automobile sales, ete.).
What information is contained in the system depends on the database design ol the
system. Alter one or several telephone numbers (allowing user to try dialing the number
one by one), the service is finished. I one number is presented to the wser, the Scr'vicc‘
might go to step 8§, il the user wishes so.  In case the system is unable to find a
telephone number for the user, it inl'onn!s'lhc uscr, and then direets the call o a human
operator, if the user wants to do so, otherwise it terminates this automatic directory

service. | L

Step 8

After finding a number based on the searching criteria provided by the user, the
.systcm asks if the user wants ihb system to dial the number auiomalic_."ully. and acts
ac’c’ording to the response of the user. This fcaiurc is quite uscful to some users who
have difﬁcullyl 'in recording .lhc number (c.g., when users call from a pay-phone or through
the cellular while they are driving). If automatic dia.lilng is not required, the service is

finished. | | SR



The complete service logic is presented in Figure 3.5. Figure 3.6 shows the
implementation of the service using the SPACE software. Due to the limitation of the
available functions of SPACE, not all the features of the service designed have been

implemented,

l dial universal number I

announcement, service in
English: press 1
Franch: press 2

1 choose IanguageJ anhguncement,
route to operator

oz

announcement: announcement:
press 1 -> local . incarrect input
press 2 -> long dis.

ne, countB

transfer to ‘
555-1212 countCu0 finnouncement,
oute to operatar

user enters announcement:
the directory America -> 1 -~ :
service ' [Linternational -> 2 @

-get input

7

v

- Figure 3.5 Automatic Telephone Di'rectory Servicé (cont'd)
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incorrece input
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announcement,
transfer to
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* Ithe country's
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incorrect input
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choose long
dis, carrier

J
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announcement,
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Figure 3.5 ' Automatic T elephone Directory Service (cont'd)
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3.3.3 Automatic Information Query Service

The objective of this service is o allow people to query information in a fast and cost
cffective way. This service handles the user’s various types of information requests by
routing the user’s call to the nearest database server which can answer the requests
through mail, fax, voice, or e-mail.  Potential customers of this service could he
government, department stores, libraries, banks, and various other medium and large
siz¢ organizations. For the purpose of simplicity in the description of this service
procedure, a government information query, c.g., information about “capital gain”, is

assumed,

Step_1
The user dials the number which represents the automatic information query service.
This number can be a 1-800 number (the cost of service is t.h.ug,ul to tlu_ called party) or

‘an 1-900 numbu‘ (the cost of the service is charged to the calling party).

Step 2

The local SSP recognizes that this call requires special handling, then passes the
request to the SCP along with the calling number and the culled number. The SCP
consults the appropriate database to determine the area from where this call is or u,mau,d
and finds out which Customer Service Office (CSO) should be involved (assuming that
the SCP is supporlcd‘by several peographically distributed information daiahascs
referred as CSOs). In order to reduce the cost (making the call as local call as possible),

the service always trics 10 connect the user to the nearest CSO.

Step 3

The SCP connects the cinlling party 1o an appropriatc CSO. Al this point, there are

‘

lwo altefhativc;s. The CSO might use speech recognition or lélcphonc dial-key pad for

i
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interaction with users. The sysiem asks the caller if he/she  prefers service in English
(indicated by pressing 1) or French (indicated by pressing 2). If speech recognition is
uscd, the CSO asks the caller (o repeat several words or sentences in order to Iet the
specch recognition system get used to the user voice and accent.  In case the speech
recognition system is unable o proceed, the CSO informs the caller that hisfher only

option is to use the dial-key pad. Otherwise, the system goes 1o step 4.

Step 4
The CSO asks the user what government department is of his/her interest. The user
answers the request. The CSO system processes it. When the CSO figures out the
department, it informs the user that he/she will be connected. '+ his helps the system to
identify which branch of the search tree should follow. If the €SO can not identily the
departmen, it informs the user ol its lailure, and anﬁpunccs that it \viil list a number of
oplidns, asking the user cither (o préss a button (when the user identifics one of the
listed items as the department he/she might be interested in), or to say a specific word of
the department he!shc is looking for. The CSO allows the user to request the system (o
back-track .on the list so that a co‘rrccuon of error answer or reconsmcmuon ol an answer

can be purlormud Il the system is unablc to identify the dcpartmcnt the CSO informs

the caller and transfers the call 10 a human operator. "

Step S ' ! _ . . 0
The CSO asks the caller what information he/she wants to know, for example,

informatioly\_z}bout taxation, the deadline for filling an income tax form, and other

information which can be passed to the caller either by the record of ak answer machine,
s "‘:\‘_—
~or by delivering hard copies (fax, maii, e-mail). The caller responds either by using the

dial-key pad to make the choice from a provndcd list (when the list is not’ IOﬂg) or by

“\

using a specch recognition system to let thc scr vice know his/her inquiry. If the system

e
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is unable to answer the user’s query for some reason (e.g., the information is not
available in the databascs, or the user’s input does not quite fit the scarch key of the
databases, ctc.), it allows the caller to re-input up to a certain number of times. It the
system fails to answer the user’s information query, it informs the caller about the

problem and then connccts the user 10 @ human operator.

ep 6

This step might be omitted depending on the type of information the caller requires.
For cxample, if the information queried is very short ( like the deadline for fifling an
income tax form), the answer is given by an answer machine, and this step is omitted.
When the answer is long and  needs w be given in the form of a document (C.g.. a specific
government regulation), this step is taken place.  Assume the caller is interested in the
information on “capital gains”. The system provides a brief summary of the regulation
through an answer machine or by providing a hard copy of the summary, depending on the
length of the summary (the system might ask the caller to indicate specilic items in the
regulation). Afterwards, the system informs the caller of the existence ol a certain
bulletin that contains the information, and asks the caller if he/she wants to receive this
bulletin. The caller responds by pressing the appropriate button. If the caller wants the
hard copy of the information, the system asks the caller to indicate the way for delivering
the information, e.g., delivering the information by mail, fax or c-mail, and asks for some
additional information which might be needed, c.g., the Tax number, the postal address,
the e-mail addg@ss, the :suitable time for Lhd delivery of the information (this option is
needed 0 covér the casc that the caller needs to switch the fax or home compuler on').
tl:lé‘ i?}‘e_;\ahone number at which the caller can be contacted in case something gocs wrong.

\ .

When tﬂe service involves a charge for the information delivery, the CSO arranges the
method of payment (assuming the cost is announced to the caller before arranging the

information Eielivcry). Different options are available. One possibility is to pay through
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the telephone company.  Another way is to usc a card which the caller gives and
authorizes through a PIN (Personal Identification Number) number. During the
verification process, the CSO connccets the caller to the database of the caller’s bank.

The bank authorizes the transaction, and makes an immediate transfer of the funds.

Step 7

The CSO terminates the call, keeps in memory the information that is required in order

to complete the remaining tasks, and carrics them on.

The above is the detailed deseription ol the service procedure. Figure 3.7 is the flow
chart of this service procedurc. Figure 3.8 displays the ow chart of a limited scale

implementation of the service with the SPACE software. i
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Figure 3.8 - 'Automatié Information Query Service (implcmcnlcd)'
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Chapter 4 ’

Design and Performance
Evaluation of an AIN
Multimedia Fax Service

'

Although originally resulting from the needs for various voice services over the Public
Switched Telephone Network (PSTN), the oldest network in the world, the concep’t and

technology of the AIN have become the principal guideline for huildihg services in all

“kinds of networks. Introducing network intelligence in the Broadband Network (B-

ISDN) will rcquire the design of a-broadband call model and a bfoadband IN architecture.

C ; T
‘The future broadband intelligent network will provide various sophisticated multimedia

services and support user mobility in a fast and cost efficient manner. Some examples of
broadband IN multimedia services could be automatic remote multimedia database
access, video on demand, network interconnection, multimedia calls, and so on. In this

chapter, wc"descr_’ihc the design of a multimedia fax service over the cxisting AIN
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architecture, instcad of over the broadband intelligent network which is being under

investigation and development.

4.1 Description of the AIN Multimedia Fax
Service

Thc growth and ubiquity of the fax machine has been quite extraordinary since the carly
80's. It is predicted that by the year 2000, there will be 100 million fax machines in the
US alone and 70% of those lax machines will be PC-based and able to suppm'lAlhc
transfer ol multimedia documents |BSA93).

ST B

On the other hand , the Internet is the fastest growing network in 'lhg world. Services

I

such as clectronic mail, developed by the Internet community since 1982 allows users |

worldwide 10 cxchange information. Thesc ¢-mail standards, which are very elfective for
textual messages, have bcguﬁ to show their age with the emergence of mulljrimdiu
Communicalions. The Multimedia Fax-MIME gateway [PHG94] provides the xri;:ans ol
6ffering fax services (o Internet users and Internet services to multimedia [ax users. It
performs the protocol translations between Binary File Transfer [ax protocol (which is
used by the fax machine to transfer compressed scanned images ol documents across the

telephone network) and the Multipurpose Internet Mail Extensions (MIME), a standard

that is used to support the transfer of multimedia messages over the Internet. Figure 4.1

illustrates the opefalion of Multimedia Fax-MIME gateway. The Multimedia Fux{
MIME galeway‘offers bi-directional multimedia messaging. The MIME messages (text,
image, audio, video) can be routed across the Internet to a local Fax-MIME gateway.
Over‘ the lelcphonle network, the Fax-MIME gateway would usc BFT (Binary Filc

Transfer) as a tunneling mechanism to deliver the MIME message to a multimedia lax

1
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machine or use Group3 to transfer regular fux messages to traditional fax machines. To
send a fax to an Internct user, the multimediaz fax machine would use BFT to ship
MIME-cncoded messages to the Fax-MIME gateway. The gateway would strip off the
BFT header and mail the message to the destination e-mail address. Thus, using MIME
and BFT, we can fucilitate bi-directional multimedia messuaging through the Fax-MIME
gateway. Similarly, the BFT header can be used 10 send requests to the gateway for
FTP or new services from a fax-cnahled PC. Traditional fax machines, however, would
not hlc able to send messages to the Internet because they transmit only scanned images

ol documents, not ASCII ext.

The AIN technology can enhance the multimedia fax service by dynamically
addressing communication entities based on the callers needs, callers' equipment, time-
ol-day, services, and so on. The scrvice presented here takes the advantages of the

AIN technology, and provides the value added service 1o the fax and Internet users.

Potential users of this type service are a lot of industrics such as traveling, hotel and
resorts, and restaurants, etc.. The idea of this service is the following: |

. ugsi gn a unique telephone number to the service. The number serves as the identifier
of the service (not a fixed terminal), e.g., providing hotel reservations thrbugh the
Interncet.

* use the IP to perform user interaction, which provides assistance to the SCP in
dynamically routing the call and determining the I.ntcrn'el uddn:ssl of the remote
database servers. For instance, a céllcr planning to travel to New Yo;*k cily may, use
this service. The caller may n‘ccd lo: provide to the IP various with parameters
:dcscribing thp requirements of his/her desired ﬁolcl (the location, preferred hotels,
price range, etc.). The SCP will then route the call 1o a particular database server

(containing the hotel information) located in New York city. The IP can also get the
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information on the caller's equipment the caller uses, e.g., multimedia fax machine, or

traditional fax machine, or personal computer with fax card.

* use the SCP to determine the call treatment based on the specific user's information
(obtained through the IP), c.g., foulc the call to the proper location, associate the call
with a particular Internct address, activate dilferent protocols for information retricval
{more explanation on this will follow in the next paragraph), deliver the retrieved
information to the destination which is specilied by the user, and allocate the fax

gateway closest to the user.

For the hotel reservation case, the service could provide some useful information
(which depends on the databases in the Internet) such as video clips of the hotel roomy
along with the text providing information on the price, the map off surrnhnding streets and
wransportation, ete. It also provides lacilitics which allow the caller 1o make the

‘

reservation through a computer or a fux machine.

The detailed procedures of the service are presented in the following Now charts,

Figure 4.2a to Figure 4.2f. - ' — '
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Figure 4.1 Multimedia Fax-MIME Iﬁterworking
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Step Lt

The user calls the AIN

mullimedia X service

through I.X LX: Loead exchange

Step 2:

The SSI” makes
arequest (o the SCP
through the §87

I o intelligent peripheral

step 3:
The SCP acknowledges and orders
the 88P 1o connect a IP? through
the S87

Step 4
The SSP sends acknowledgement
hack to the SCP through the 887

Step 5

The SSE estabishes a voice
connection (voive chanael, VC)
hetween the user and the 12

N: The number of user interaetions
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i
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. v seti i r SOP
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(if any)

Figure 4.2a AIN Multimedia Fax Service Procedures (cont'd)
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Step 13:
The SSP acknowledpes through the $87

Step'14:
The SSI tears down conection between user and the IP

Y

Step 15:
The 881 informs the SCP about the completion of
tearing down process Uirough the $87

Y

Step 16
The SCI? acknowledges and orders the \SP
o connect whe I through the §87

:

Step 17: ‘
The SSP seads scknowledges ta the SCP
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L: the number of
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is finished and sends the
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Step 19: SCII.J ? through the S57
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or areas which the user interested in
Step 24:
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through the $57

Step 25:
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Step 20;
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o)

Step 22:
The IP pmccsm and goes to the next user interactoin (1!' any o
!

Figure 4.2b AIN Multimedia Fax Service Procedures (cont'd)



Step 26:
The SSP acknowledges through the 587

Step 27:
The §SI° tears down the connection between

he user and the IP
Step 28:

The S8 informs the SCP about the completion
of tearing down process through the 887

The aperations of block is
culled the Fax Reservation

! Process (IFRPY) which is
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1#

Step 30:
The SCP connects to an external databases (DB
which is associated with the patewiay service) and
requests a [ax pateway that is local 1o the usey

Step 31;
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e : rrr—

e
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R
SR
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l‘ : Step
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The DB1 allocates a fux gateway and sends the address
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s

Step 34: _
The SCP acknowled

: ges through the 887
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Step 35:
‘The ECP orders the SSP to connect the
IP 10 the user through the 587

Step 36:
The SSI* acknowledges the reception of
the SCI"s instruction (through the S87)

Step 37

‘The $81 establishes a connection between the user

and the I
Step 38:

The I senels the messages which contain the instructions
about connecting 1o the internet,

Step 3%
“The user responses to the [P
Step 40:
_ \Jhe SSP sends the user’s responses Lo the 11
Step 41: ;o
The I sends the user's input to the SCP

Step 42:
‘The SCP orders the SSP” to tear down the connection

A between the user and the IP

Step 43:
th SSP acknowledges and tears down the conncctioD

Step 44:
Jhe SSP informs the SCP about the tearing down of the connection

Step 45:
G‘hc SCP acknowledges the reception of the SSP's mcssag)

r” | e

Figure4.2d AIN Multimedia Fax Service Procedures (cont'd)
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Step d6:

The SCP finuds the internet addsess of a multinmedia
database server which contains user's interests and the
other information necessary for paleway process

Step d7:
The SCP passes above information 1o the S5

and asgigns a special nember (SN to the user
as a indentifier of the user's

NG

Slep 34:
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the gateway

=

Step 49
The gatewity processes and sends the request o die
destination imullimedia database server through the

nternel

\EF%

Step S0;
The multimedia database server processes the regquest
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Step 5L
Tive multimedia datalswse server sends Hhe setrieved file
back te the pateway with the SN

Step 52;
Jhe fax pateway receives the file and processes il

Step 53:
The fax gateway dials the SN

. ) Step 5¢&
: The SSI iddentifies that this call requires special hamdling
and direets it 10 the SCP

!

Slep 55; -
The SCP acknowledges and processes the reqguest

1

Figure 4.2e AIN Multimedia Fax Service Procedures (cont'd)
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Step 56:
The SCP orders the SSP to establish a connection
hetween the Tax pateway and the user

Step §7: ,
The SSP establishes a voice channel connection
hetween the fax gateway and the user

Step 58:

The fux gateway and the user equipment perform
the hand shaking process

Step 59:
The fax gateway and the user equipment perforin
the file transfler :

(7 5 2\
=/

(7 5 &)
\32_/

(% 5 2)
\E_/

€ER
\_E_/

step 60: '
The fax gateway terminates the connection.
The user processes the information

- [ Step 61:
The SCP informs the SSP that the service function finished

.

Figure 4.2f AIN Multimedia Fax Service Procedures
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4.2 Modeling of an AIN Multimedia Fax
Service

In this scction, the queuing model for cach network component of the AIN multimedia Tax

service is described in detail.  The objective of the modeling is o evaluate the .

performance of the service in terms ol the average call set-up time and the call blocking
probability. The modeling is bascd on the M/G/1 non-preemptive priority queuing

system.
4.2.1 Priority Queuing System

In this scclion,l we review the non-precmptive pricrity queuing theory. The 1rcuuﬁ(:m
provided here will be briel, Details can be l‘ound in {BG77]. Consider the M/G/1 qucuin‘g
‘system in which the arriving calls (or ﬁuckcls) are divided into n diflerent priority
classes. Cl.ass I has the highcs\t priority, class 2 has the sccond highcst priority,‘und S0
on. Some symbols are defined as the followin E.
k: the\p:nr',qrily class of a call
A,: the arrival rate of class &
H,: the mean service rate for class &
X, : the mean service time of clﬁss’ k, '5{: =1/u,
-4t the average delay forclass & |
W,: the average quening wﬁiling time for class &
P, the system utilization for class kpo=A1u,
R: the mean f;aéidual service limé
Assurae that the overall M/G/1 systemn utilization is less than one:

Pr+py+ee+p, <l
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When this assumplion is not satisficd, there is some priority class & for which all calls

that have priorities Iess or equal to k experience infinite average delay. The average

delay of calls with higher priority than & will be finite.
The waiting time in a M/G/1 non-preemptive priority queuing system is determined by

the following formula:
R
(n

W, =
(=py = =p Wl=py == p)

The average delay (defined by the time clapsing between the moment the call enters the

queuing system and the moment the call exits the system) for each call of class & is

given hy:

T, --l—+W‘_

1y

and R is obtained by
(3)

R= é-(ixi)?

i=]

,2 . . . . ) ‘ ..
where X° is the second moment of the service time averaged over all priority classes,

namely,

= X gt X2 |
Einllf . ‘ Z.}:la"’ “\
Substituting in equation (3) yields
R=-YAX (4)



The average waiting time in the queue and the average delay tor cach class can be

obtained from (1), (2) and (4). The final expressions are as the following:

Yo AX:
W, = =l
F T al=p == p U=y == p,)

. T, = +w,

Hy

4.2,2 Model of Service Switching Point (SSP)

The main functions of the SSP are:
* 10 accept {or rcjcct) call requests
» to suspend the call processing in order o w:ﬁl for instructions. l'rmn‘lhc SCP (or
ADIJ/SN) |
* 10 suspend the processing of a call when the call processing requires inu‘;ruclion
between the users and the IP
* 1o resume the call processing of stopped calls as a result of acting on instructions
from the SCP (or ADJ/SN)
* 1o connect the caller to the final destination phone numbers
All these functions can be modeled by a non-preemptive priori"ty quening system as
shown in Filgurc 4.3. The model consists ol (our different priority queues. The first qu;:uc
(referred as emergency_queue, or emg_queue) collects emergency calls (e.g., 91 I} which
can never be rejected. Emergency calls are given the. higﬁcsl prioriiy. The sccond queuc
(referred as wait_scp_queue) handles the on-going calls which are waiting for further call
proceésing‘bascd on the SCP insiruclions. This qucue has the second highest priority

since it'is associated with on-going calls which can not be blocked. In addition to that,
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since the  SCP cexpects the response of the SSP to its request before continuing
processing, it is important that the SSP exccutes the request as soon as possible so that
the SCP doces not remain idle. The third queue (referred as wait_ip_queue) contains the
on-going calls which arc involving the uscr interactions through the IP. This queuc has
the third highest priority. The fourth queue (referced as new_call_queue) contains the
requests ol new calls since it is preferable o block new calls rather than interrupt calls

that are already in service. So this queuce is assigned the lowest priority.

“mergency »
cally

Response from SCP

af MM-f; ux-cuIN . .
Responise O\ To SCP
from SCP lE P

TolP .
Respanse To gateway
{rom user . O \ Discarded

Response [rom LV ) ‘
ol MM-fax-calis

’ New calls. |
D :.The external source gencrator

The server serving cach queue with different mean service time

Figure 4.3 Model of Service Switching Point

The first and the last queucs receive t‘he"lr'afﬁc gcnérated by the Local Exchanges

~ (LXs) which are connected to the SSP, The traffic to the second and the third queues is
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determined by the nature of the accepted calls, ¢.g., some of calls are ordinary calls (non
AIN calls) which do not gencrate any traftic input to the sccond and the third queucs:
whercas some other types of calls (AIN calls) require several interactions between the
SSP and SCP, IP and the SSP, and consequently they generate traffic to the second and
the third queues. The traffic load depends on the service characteristics. For example, if
the service involves many user interactions with the IP, there will be more trafTic load to
the waii_ip_queue. The parameters of traffic input of all the queues and the service time
for cach class of traffic are delinzd as (ollows.

* Agspr the mean arrival rate of emergencey calls

* Agsp.sep: the mean arrival rate of calls waiting SCP instructions

* Agspap:  the mean acrival rate of calls waiting user interactions

* Asspniw: the mean arrival rate of new calls

e Hgsre:  the mean service rate for emergency calls
o H sspscp: the mean service rate for the calls waiting in the wail_scp_queue

o Hgopip: the mean service rate for the calls waiting in the wait_ip_qguecue
* H gep.nEw: the mean service rate for accepting new calls |

In the simulation model, we assume that all the traflic arrival rate follows a Poisson
distribution, and all the service times arc exponentially distributed. Py is the
probability that a call will request the multimedia fax service, So among all the L‘alls, Lmly'
a percentage of Py X100 calls are the calls marked as "MM-fax-calls” (Multimedia-
lax-calls). When the servcrlol' the SSP completes the service of a call, it will direet the
callto the SCP, IP, or gateway if the call is “MM-l‘ai—ball", and discards all calls of
other types. Whelhé?ra.q AIN fax call is sent to SCP, IP, or gateway depends ‘oh the
- stage of the call processin/g. The information of the call processing stage is stored in a

Jpre-deﬁnéd packet format (described in the next paragraph).

e
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It is coﬁvcnicnt to usc packets to represent calls which may be in any call processing
stage (in any qucues). From now on we will use packets and calls interchangeably.
Packets are gencrated by cxternal traffic source generators. There are four types of
raffic generators, defined as Issp., Issp.scp, Isspap and Issp.npw. Each gencrator is
associated with an arrival rate for a particular queue. In our simulation model, packets
generated by Issp.i, Issp.scp and Isgp.ap have only one field, and packets gencrated by

Igsp.npw have three fields, as shown below:

puacket format I: Ilypc_ol'_call

packet format 2: [uype_of_call | num_of_ip_interactions | time_stamp

~ For the packets gcncrdlcd by Issp.i, Issp.sep and lgsp.gp, the value of "type_ol_call" field
is st to 0. For packets generated by Issp.niw, the value of "type”of_call” ficld is set to 1
with probability Ppm (indicating the call with the request of our AIN multimedia fax
service), and O with prob;ibilily (1-Pam s _i'ndicaling calls of any other types of service.
The field "num_of_ip_interactions” is set (o an integer indicating the number of user
inlc;ractions" involved in the service. Tﬁe IP node 'decrements the value of

"num_of_ip_interactions" by 1 each time the packet visits the IP. When this field

reaches zero, all user interactions are finished, The IP will then send user's response(s)

to the SCP. At this poiﬁt. the SCP has all the user information required for the service,
and sends the call processing information m' the SSP. The SSP resumes the processing
of the call and sends the packet to the gateway. For all the other types of calls' (non
MM fax-calls), the field of "num_of_ip_interactions" is ignored since when the SSP
figures out that the call is not MM-fax-call, it does not check the field. of

"num_of_ip_imcractions", but discards the packet after finishing serving it. The field
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“time_stamp” is uscd to calculate the call set-up time. Each packet gencrated by the
Isgp.npw and marked as "MM-fax-call” is stamped the time at which the packet enters
the node. Each network node checks the “time_stamp” field of the packet, compares it
with the current time, and calculates the delay of the packet (delay = current time - value
of “lime_stamp” ficld). If the delay exceeds a certain threshold, the packet is blocked
(then discarded). For example, if the delay threshold is equal to 20 seconds, then the
packet with a delay value greater than 20 seconds is considered as being blocked. In the
simulation, the call blocking probability due to the lack of the bufler space in the SSP,

SCP and IP has not been considered sinee all the queues have inlinite bulters,

When a call process is initiated, it gOCSﬁI"Sl to the LE, and rom there it is forwarded
to the SSP. There is some time clapsing between the moment the call is initiated and the
moment where the SSP receives the call request. This is the combined delay due to the
prapagation time through the lincs,. as well as the waiting and processing times at the
LE. In order to avoid complication of our model, we ignore this time and assume that

“users arc directly connected to Lhe SSP.

~ As described previously, the traffic entering the variouslqucucs of the SSP is
generatea by a variety of services (iﬁcluding the multimedia fax scrvicc).‘ As we are
interested in evaluating the rcspbnsc time of the .'AI'N service, we only examine the
behavior of the MM-fax service as it progresscs through the network, Weido this by

.

allowing only packt,ls marked as "MM flax-call" to go through all the nuwork clements
that the service involves durmg its execution. The total traffic generated by services of
other types is considered as the aggregated traffic which 1s snmulated by as a Poisson
traffic, ThlS type of traffic (generated by other scrv:ccs) has only local mc.mmg,, that is, it

doesn't propagalc through the network, conscqucntly, it does not generate traffic to

other nclwork nodes. Its traffic is absorbcd in the local node (the node in which the traffic
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source generators reside). The effect of the other services on the network is considered

by using cxternal wraffic generators at cach network node .

In order o kcbp the mean arrival rate of aggregated traftic unchanged, we do the following.
Whenever @ packet from the SCP or the IP arrives at the SSP and is inserted in the proper
queue, the next packet generated by the external traffic source (associated with that gueue)
is discarded. For example, ll the "wait_sep_qgueue” (the second queue) receives a packet of
"MM-fux-call” (from the SCP), the ncxi packet generated by the exiernal source gencrator

ISSI'-SCI’ is ignl)ﬁ.‘.d.
4.2.3 Model of Service Control Point (SCP)

The main functions 0_4[“ the SCP (or AID/SN) are:

* to aceept SSP requests and to process them

* Lo activate the IP to perform the function which is responsible to interact with

uscrs

*lo rcccivc‘uscr information colleeted by the IP

* 1o send the call processing information to the SSP
The SCP model is built in a similar way to the SSP model, presented in the previous
section. The SCP model is shown in Figure 4.4. The model consists of three queucs.
The highest priority is given (o ‘thc first queue which is responsible for handling the
emergency calls. The second queuc which collects SSP requests has the second highest
priority since the request from the SSP is virtally the first step of invoking the service
logic stored in the SCP. f The last priority queue is allocated to handle the packets from

the IP, that is, the uscr responses.
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We define the first queue as SCPemyp_queue, the sceond as SCPuser_resp_queuc
and the third as SCPssp_req_queue. The parameters of traftic foad to cach quene and the
mean service rate for dilferent queucs are defined as follows:

* Agep.r the mean arrival rate of emergeney calls which need SCP processing

* A scp.ssp: the mean arrival rate of SSP requests

e Ascpap:  the mean arrival rate of meoming user responses trom IP

* Hgepae the mean service rate for processing emergency calls

* Ussp: the mean service rate for secepting SSP gueries

* Mscpap:  the mean service rate for processing the input of 1P

PO EYIY (Y
Emcrgency "
calls
User responses of

MM-fax-calls - To §8P
’ 1O
N\ Lot
- \ Discarded
SSP requests of -
MM-fax-calls T O/ :

SSP requests

D: The external source generator -

O : The scrver serving cach queue with different mean service time

Figure 4.4 The Model of Service Control Point
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The three arrival rates are modeled by three external traffic source generators (Iscp.i,
Issp. Iscp.gp) with different mean values of Poison distributions.  Each service time is
exponentially distributed.  Packets generated by all external traffic sources take the

Cpacket format I{dcescribed in 4.2.3 subscction) which contains only one ficld,
“type_ol_call". Al these packets are marked as "calls of other types” (the value of
"type_of_call” is sct to () since the MM-fax-call is generated only at the SSP node (see
Figure 4.3). After processing a packet of any queue, the SCP checks the packet type. 1
the packet represents an other types of calls, it is discarded, otherwise, the
"num_ofl_user_interactions”  of the puacket is checked. It the wvalue of
"num_ol_user_intractions” is cqual to () (meaning that no user input is required), the SCP
formulates the response for the SSP, and then sends this information w the SSP. In
order o keep the average mean arrival rate ol aggrepated traltic unchanged, the same

approach as the one used in the SSP model is used.
4.2.4 Model of Intclligent Peripheral (IP)

The 1P, as introduced in chapter 1, is a system which controls and manages [unctions
such as voice synthesis, 'announccmcms’, speech recognition, and digit collection. Its
main simulated functions are:

* Lo accept messages from the SCP (these messages convey the information required

to inform the IP about.the resources or procedures to be used on the call

i

;
* {0 connect lec caller through the SSP
* lo prompt uscrs and collectin g user }csponses
* (0 return the user input to the SCP
“The above 1P functions are alsolmodclcd by the priority queuing system shown in Figure
_ 4.5. The model consists of three queucs. We aséumc that emergency calls are directly

connected to human operators rather than to intelligent peripherals. Conseguently, there
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is no emergency call processing in the 1P node. The higher priority is allocated to the
queue which collects the instructions of the SCP. This forees the 1P (o first exceute the
commands of the SCP, thus reduces the time that the SCP will keep the call idle. Two
cxternal traftic generators (Ip.seop and Ijp.gsp) are used to moded the overall walfic load of
two different types in the 1P node.  Each external walfic gencrator randomly generates
traffic with Poison distribution.  The service time for cach queue has exponential

distribution. The parameters of this quening model are deflined as follows:

* A p.sse: the mean arrival vate of user responses (through the SSP)

* Ao the mean arrival rate of SCP messuges |

* Jpssps the mean service rate for interaction with users (through the SSP)

* Mpset the mean service rate for pmc;‘.ssi:}g\uscr responses and sending them
to the SCP

The external traftic generators generate packets with packet furmat 1, and set the ficld
to value of 0 since the external tratlic is only used to the model rc{"_l'crcl ol other services.
Aler scrving a packet, the IP checks the "type_of_call” ficld. 1If a packet represents a
call of other types, this packet is discarded, otherwise, the [P checks the
"num_ol_user_interactions” ficid. If the value of this ficld is not equal w 0, which
indicates that the call (i'cpl‘cscngcd by this packet) has more user interactions to be
processed, the IP will decrement this value by 1, and send the packet to the SSP
{(representing that one more prompt is sent to the user through the SSP). I the value of
field is equal to 0, meaning that all the required user interactions are completed, the 1P
will send this packet to lﬁe SCP (In our model, the IP sends all the user responscs 1o

the SCP).
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Figure 4.5 Model of the Intelligent Peripheral

4.2.5 Model of the SS7 Network

The S57 network is used to interconnect the SCP to SSP, the SCP to the IP, and the SSP
" to the IP. From a view at the application level, the S87 network receives-a message
from a network node (the SSP, SCP,or IP}, and delivers this message to another network
node with some delay. The amount of the delay depends on the traffic load of the SS7
ne‘twork. In our simulation, wé model the delay, t7.9, that is experienced. by a packet

traveling through the SS7 network as the sum of onc fixed part (T;) and a negative
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exponentiaily distributed variable part (1y). This model is accurate when the signaling
links arc lightly loaded [PB94], so that messages usually do not have to wait for being
gueued before transmission. To study the performance under a heavy load of signaling
traffic, a more detailed model is required. Figure 4.6 shows the model of the SS7 network

used in our simulation.

Message output
£ P-__

Message input T, —

Figure 4.6 Dciay Model of the S§7 Network

4.2.6 Model of the Gateway between the AIN and Internet

The gatcway model uscd in our simulation is illustrated in Figure 4.7. Upon connection to
the SSP, the gateway will perform proper Internet access, based on the messages of the
* §SP. The traffic load of the gateway is modeled by using traffic generators for cach type of
tralfic (signal, text , image and video traffic), on both sides (PSTN, INTERNET). Each
taffic arrival pattern follows the Poisson distribution. The text, image and video file
sizes arc conformed to the exponential distribution, but we impose minimum and
maximum boundarics on the file size, that is, we choose a minimum and a maximum file
size for cach L'ype of the files (text, image and video). If the file size generated by the
exponential distribution generator is smaller (or greater) than the minimum (or
maxinmum) value, the file :sizc takes the minimum (or maximum) value. In this way, we

avoid having a zero or infinite file size.



The gateway is connected to the AIN PSTN through an ISDN line. and is connected to
the INTERNET through a T1 line. The ISDN line is modeled as 24 servers, cach having
the service rate of 64K bits per second. The TI line is modeled as one server with the

service ratc of 1.544M bites per sccond.

The gateway receives files, or calls, from both the PSTN and the INTERNET, stores
them in the memory for protoco! transtation and file transmission to the INTERNET or
the PSTN. In {igure 4.7, the buffer sizes of buffer 1, buffer 2 and butfer 3 are not fixed, but
the sum of these buffer sizes is fixed to the capacity of the gateway. The palewiy

processing rate is also fixed.

In Figure 4.7, the call blocking occurs in two sitvations: 1) all wansmission servers are
busy when the AIN MM call arrivals; or ii) there is not cnough memory in the gateway Lo

hold the AIN MM call.

4.2.7 Models of the Internet and the Database Server

In our simulation environment, we model Internct and the database server as two delay
nodes. The delay expericnced by a message while lruvcliing through the Internet or
processed by a database server residing in the Internet is modeled by a random dcluy
which statistically follows a constant delay (Tt for the Internet, Tp for the database
server) and an exponential distribution with a mean valuc_(lm-r for the Internet, {pg for
the database server). The model of Internet is illustrated in Figure 4.8. The model of the

database server in the Internet is shown in Figure 4.9.
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4.3 Simulation of the Multimedia Fax Service

Based on the queuing models presented in the previous section, this section presents the

simulation of the multimedia fax. The simulation is built using the OPNET software

which is a relatively new and powerful simulation tool for telccommunications [OP93]. A

brief description of the OPNET is presented in Appendix 3.
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4.3.1 Simulation Model

Figurc 4.10) gives the simulation model at the Network level (the highest level of models
in the OPNET). The Network level’s model consists of eight nodes, namely, the SSP,
SCP, IP, Gatcway, SS7, Internet and database server in the Internet.  Figure 4.11

presents the detailed context of cach node.

IP

SS7 | §S7

AT Calls | . |
b SSP | SS7 |a—— | SCP

Gateway

Internet pe————m Database

Figure 4.10 Simulation model at the Network level of OPNET
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Figure 4.11 The Entire Simulation Model
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4.3.2 Validation of Simulation Models

The entire system simulation modcl consists of several nodes. In turn, cach mode
consists cither a non-preemptive priority queuing system or a delay center as described
scction 4.2.2 t0 4.2.7. To assess the correctness of the simulation model, we validate the
operation of cach network clements.  This validation is carricd out by isolating each
clement and running individual simulations. Obviously, this operation is only performed
for cach nctwork clement modeled by a non-preemptive queuing system.  The results
obtained from these simulations are then compared with the numerical results of the non-
preemptive queuing system described in section 4.2.1. Table 4.1 shows: i) the values,
obtained from the simulation (under a conlidence level of 95%), ol mean delay for the
queuing system which is used to mddcl the SSP, SCP, IP, and Gateway (thc number of
sub queues might be changed, but they are all of the non-preemptive priority qucuing
systems); ii) the values obtained asing the formula (2) in the scction 4.2.1,  The time of
simulation was sct to 5000 scconds. The pa;'amctcrs uscd in the simulation and the

calculation are as follows:

A 1= 0.2 packelts/sec
A= 10 packets/sec
A3 =5 ‘packclslscc
A 4= 100 packets/see

M = 200 packets/sec

As scen from the table, the results show close agreement. Therefore, we can conclude
safely that the model is valid. We run the delay model which is used in our simulation
with one second mean delay for exponential distribution. The value of mean delay

obtained from the simulation is equal to one secon'd, Since both the priority queuing

88



model and the delay model are valid, we conclude that the entire system’s simulation

model is valid.

Simulation Value Calculated Discrepanc
(scc) Value y (%)
(sec)
Queuc ! 0.007809 0.007883 (1.939
Qucuc 2 0.007841 0.007884 0.0054
Queue 3 0.008214 1.00828 0.008
Qucuc 4 ' 0.01244 0.01235 : (0.0073

Table 4.1 Simulation Values vs. Calculated Valucs

4.3.4 Simulation Results

In our simulations, we make some assumptions:
"+ 50% of the total calls arc AIN calls which make requests ol the SCP services;
* 50% of the total number of AIN calls involve the IP services;
« on the average, each AIN call, with user interactions, requires two interactions with

the IP.

One set of parameter values used in the simulation is listed below. All the following
parameter values, except for the values of xssp (SSP mean service time), Pyum (the
percentage of our multimedia fax service call) and the packet ficld "num_of_ip_querics"

(indicating the number of user interactions), will be referred later as the basic value set.
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For the SSP node:
Agsp-npw = 100 calls/second
Agsp_sep = 50 calls/second
Agsp-gp = 50 calls/second
Agep_p = 0.1 calls/second
Service time Xgp = 1 pggp = 3ms, 3.5ms, 4ms[PB94]
where pggp = g = tsep = Hip = Hngy
Py=1%
For the SCP node:
Agep-p = 0.1 calls/second
Agyp = 50 calls/sccond
Ascp—p = 25 calls/sccond
Service ime Xgep = 1/ ftgep = [0ms[PB94], where pgep = pgep_p = Uscpossp =,uscp__fp1
For the IP node:
Ap_ssp = 50 calls/second
Aip_scp = 25 calls/second
Service time X = 1/ yp = 10ms, where pp = pyp_gop =t IP-SCP
- For the fax gateway nodel: |
Service rale UGueway = 25 M bits/sce
Bufter size = 2 G byies
For the Internet node:
TinT = 50ms, tint = 30ms
For the database scrver in the Internet:

Tpg = 50ms, tpg = 50ms

L. 'The traffic Toad in the gateway is specified in each simulaion case.
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For the SS7 node:
Tc= 10ms, ty = Ims [PR94]
For the packet {ormats:
The value for the field "num_of_ip_interaction" is cﬁoscn among 2 (o 6.
For the delay threshold:
Assume that the time that each packet stays in a network node (see Figure 4.9) iy

not greater than 20 seconds; otherwise, the call is considered blocked.

For an SSP service time equals to 3ms and the number of user interactions cquals to
2, Figure 4.12 gives the instantaneous behavior of the connection time against the

simulation time, which illustrates the stability of the simulation system.

cerneciion tinme

Wh |'J:\. ..M

0 8.1 0.2 0.3 0.&4 B.5 0.6 0.7 C.¢ 0.9 1
time [1ec) tx1DOD)

mean connectlon tine

1.5 - -

1.8 ! L ; :

1.3

1.2

3.1

1

0.7

0.3

0.7 '\‘_ - : N

0.6 ! | | ] 1 i

e e . 0.3 0.4 0.5 0.6 0.9 0.8 0.% 1
time [sec) (xiC3J)

Figure 4.12 Instantane;)us Behavior of the Connection Time
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In following, the mean call set-up time and the blocking probability for the call of the
multimedia lax machine service are evaluated at different aspects. It the value for a

parameter is not speeificd, it takes the value indicated in the basic value set.

Part 1

in this part, we look at the performance ol the proposed AIN MM fax scrvice by
varying the number of user interactions with the 1P, Five different cases are considered.
The parameters for case | are as follows,

+ the SSP mean service time = 3.5ms

» the inter arrival time of signaling = 0. 1sec.

* the inter arvival time of text files = 1 sce.

« the inter arrival time of image files = 30 sec.

« the inter arrival time of video files = 120 sec.!

» signal file size = 400 K bytes

* text file size: min. = 100 bytes, max. = 10 K bytes, mean = 500 bytes

« image file size: min. = 50 K bytes, Max. = 150 K bytes, mean = 120 K bytes

I

» video [lile size: min. = 10 M bytes, Max. = 120 M bytes, mean = 50 M bytes
* mateway service rate = 25 M bits / sec.
 gateway memory = 2 G bytes

¢ the number ol user interactions with the [P=2, 3, 4,5, or 6.

In case 2, we only change the SSP mean scrvice time to 3ms. The parameters for case -

o~

3 arc the same as the ones in case 2 except that the video mean file size is increased to

80M bytes. The parameters for casc 4 are the same as the ones in case 2 except that the

'In part 1, we concern that video raffic are only in one dircction, from INTERNET to PSTN. Other traffic
(signal, text and image) are in both directions, that is, from INTERNET to PSTN, and from PSTN to
INNEERNET,



gateway service rate is changed to 30M bits / see. The parameters lor case § are the

same as the ones in case 2 except that the video mean lile size is reduced w0 25 M bytes.,
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Figure 4.13 Call blocking probability vs. number of user interactions
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Figure 4.13a shows the call blocking probability at different cases. When the SSP mean
service time decreascs, the call blocking probability decreases. This is because we define
that the call is considered blocked when the call stays in a queuing system for a time!
fonger than 20 seconds. Decreasing the SSP mean service time reduces the time that the
call stays in the queuing system, so reduces the call blocking probability. For the same

reason, when the gateway service rate increases, the call blocking probability decreascs.

The traffic on the gateway also has impact on the call blocking probability. Take the
video file as an example. Larger mean video files will put more load on the transmission
line and the gateway memory. Hence as the video mean file size increases (decreascs),

the call blocking probability increases (decreascs).

The mean call setup time is afTected, in a similar way, by the number of user interactions
with the IP, the SSP mean service time, the gateway service time and the video mean file
size. Figure 4.13b illustrates the performance of the mean call setup time for all five cascs

under consideration and as a function of user interactions with the IP.

Part 2 |

In this part, simulations are run tc show the impact of video traflic on the performance of
the AIN service. For this part, we take case 1, 2 and 4 used in the previous part of our
studics.  For all these three cases, we further consider the use of video and compare to the
case when no video is included in the AIN service. The mean video file size used in this

part is set to 50 M bytes.

Figurc 4.14a 10 4.14c depict the results of this second part. From these figures, the

results show that the use of vidco has a big impact on the performance of the service. For

U The time the call stays in a queue plus the service tite of this call.
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all cases, the call blocking probability increasies by at feast 1%, However, we observe that
as the number of user interactions increases, the blocking probability starts to increase atl a
faster rate. This is mainly due to the fact that as the already established calls become
more demanding, new calls are blocked. On the other hand, the mean cali setup time is
incrcased half a sccond when video is used, for all the three cases under consideration.
However, this difference between the results for both cases is maintained constant as a
function of the number of user interactions. This confirms once again that as the number of
user interactions increase when video is being used, new users are stopped from entering
the sysiem. The call setup delay accounts for the users who were successful in getting

connected o the AIN service.
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Part 3

In this part, we fix the number of user interactions with the IP to 4, and evaluate the
performance against scveral video traffic situations. Both the INTERNET and the PSTN
have video traffic to the gateway. The minimum and maximum video file sizes are set to 1
and 50 M bytes, respectively while various mean video file sizes are set 10 2, 3, 5, [0 M

bytes. Other parameters are the same s ones in case 2 of part 1.

We cin sce, from Figure 4.15 and 4. 16, that if the video file size is increased, the mean
inter arrival rate of the video files must be decreased in order to achicve acceptable
performance.  For example, il the acceptable call blocking probability is 5%, then for the
mcan video file size 2, 3, § and 10 M bytes, the inter arvival time of the video teafTic must be
not less than 2, 4, 8 and 10 minutes, respectively. Similarly, il the aceeptable mean call
sctup time is | sccond, for mcan video file size 2, 3, 5 and 10 M byies, the inter arrival time

of the video traffic must be not less than 3, 4, 5, and 8 scconds, respectively.
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Part 4
Figure 4.17 illustrates two major components which contribute to call blocking. With
the selected parameters, the call blocking occurs mainly due to the blocking in the

transmission channel and the gateway. As the video mean file size increases, more calls
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are blocked in the gateway . The reason is that bigger video mean file size means that
both PSTN and INTERNET put more traffic load to the gateway. This increases the

chance that the AIN call is blocked in the gateway,
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Part 5

In this part, we assume that there is no video traftic and investigate the image traltic's
impact on the call blocking probability and on the mean call setup time. - Figure 4.18ua and
4.18b shows that since the image file size is much smaller than the video file size and
there is no video file, the inter arrival time of image files can go as small as 0 5 seconds
(for the call blocking probability is not greater than 5%) and the mean call setup time is

less than one sccond (under the parameters we have chasen).

4.3.5 Summary

The performance of the AIN multimedia fax service is evaluated under different
conditions. The simulation results illustrate how various parameters could alfect the
performance. The number of user intcractions is one of the call blocking probability
lactors. When designing the database (for this multimedia fax service), we should, in
order to achiéve low call blacking probability, minimize the number of querics between
the SSP and the IP (sce Figurc 4.13, Figurc 4.14). Video traffic has a great impact on
+ the performance. The heavy load of the video traffic (more requent video file arrivals or
laréer video file size) would degradé the performance. The bottleneck to the call blocking
probability might be on the gateway when the video traffic increases (sce Figure 4.14,
Figure 4.15, Figure 4.16, ﬁnd Figure 4.17). The image traffic has similar impact on lﬁc
performance (see Figure 4.18). However, since the image file size is smaller, its impabl
is smaller. Increasing the mean service rate of the gﬁlewuy and the SSP and the memory

of the gateway will improve the performance of our proposed AIN multimedia fax service.
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Chapter 5

Conclusions

5.1 Summary of the Thesis

The telecommunications industry is qndcrgoing a fundamental revolution with the
introduction of intclligent networks. In this thesis, we investigate this fairly new concept
and technology in different aspeets:

* the standards that define the intelligent neiwork: ‘

* the technology that implements the intelligent network; and

* the services that can be provided by the intelligent network.

Chapter 1 gives the introductory remarks on the intelligent network, which includes
the motivation, technology, componentﬁ, and the applicability of the intelligent network.
The main driving force of the intelligent network is to dramatically reduce the time and
cost in the creation of new telephone services, which is achieved by separating the

_control, of calls from the call itself. The services are implemented By service logic
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programs residing at Service Control Points (SCPs), Service Node (SN) or Adjunct
(ADI), and the call switching is performed, according to the instruction of the SCPs (or
SN/ADJ), by the Service Switching Points (SSPs). The Intelligent Peripheral (IP) adds
the flexibility to services through the dynamic user interactions. The Common Channel
Signaling System No. 7 (SS7) network provides a transport function for the
communication between the SCPs and the SSPs or 1Ps. The AIN service creation
environment (SCE) provides a platform for the fast service creation, and the Service
Management System (SMS) is responsible {or the service provision, maintenance and
administration. The operation of the intelligent network is built on distributing the
application processing among network clements and using the centralized conwrol. The
concept of the intelligent network represents a principle goal of the telecommunication
and data communication evolution, and the AIN approach will become the way o build

any kinds of networks.

The evolution, standards and the main open issues of the intelligent network are
presented in Chapter 2. The evolutionary path ol" ihc intelligent network can be depicted
through a serics of standards (recommendations), from Bellcore’s IN/1 to AIN/Q.2, and
from CCITT’s CS-1 to CS-2. Both Bellcore and ITU-T (CCITT) are working towards
the new standards. The goal of this path is

* to reduce the complexity of the switches;
* 10 usc cheaper general-purpose compulers; |
* to brovide standardized protocols and interfaces between intelligent network
coinponents, which are independent of network cquipment and scrvices; and
* to smooth the evolution.
The primary objective is to reduce the time and cost in the inlrdduclion of ncw scrvices.
The CCITT (ITU-T) IN conceptual model is an architectural concept, which rirovidés the

guideline for implementing the intclligent network. The call processing model is the key
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of intelligent networks.  Different networks, such as the telephone network, the ATM
(Asynchronous Transfer Mode) network, the mobile network, cte., have different call
processing models. Since AIN technology is lairly new, a number of significant technical
details, for example, the service interactions, congestion control, service independent

building blocks, etc., need to be carefully addressed and formulated.

Service creation is the emphasis of this thesis. Three services, namely. the "call by
name” service, the "automatic telephone directory” service and the “information query"
service, are presented in Chapter '% All these sgrviccs ar¢ designed and implemented
{or partly implemented) in the Alrsf'sc:',vicc .Crcqlion Environment (SCE) which uses the
Belleore SPACE sysiem, Thc -,'sdr‘viccs.‘ "lukc‘lhc AIN advantages of flexible user
interaction and automatic lclcpho-nc‘ numbm; u';ulwlulion.. The "call by name" scrvice
translates the callee’s “name”, which is casy for remembering, to a telephone number.
The "uuiomutic telephone directory” service makes use of the IP to achieve fast and
reliable telephone number sccking.\ The “information query" service allows people to
query information in a fast and cost effective way. It handles the user’s ‘various types of
information requests by routing the calls to the ncarest database server which can

answer the requests through mail, fax, voice, or ¢-mail.

In Chapter 4, we use existing AIN technology to provide the multimedia fax service.
With a Multimedia Fax-MIME Gateway between the telephone network and the
Internet, the intelligent network can provide automatic addressing, dynamic routing and
flexible selecting of document type for the multimedia fax service. The approach of this
AIN multimedia fax service brings up a new AIN service opportunity which allows
telephone subscribers to access abundant Internet resources. The service is simulated
with OPNET (a powerful simulation tool). The components of the system, such as the

SSP, SCP, IP and Gateway, arc modeled by the priority queuing system. The SS7
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network, Internet and the database server in the Internet are modeled by delay nodes
since, at the application level, the effect of these components is adding some delay o the
call processing. The service performance is cvaluated in terms of the mean call setup
time and the call blocking probability, and at different scenarios. The simulation results
tlustrate the performance functions of traffic load, the number of user interactions and the

mean service time of the SSP and the gateway.,

5.2 Suggestions for Future Research

From the literature of the intelligent network, we notice that only a little work has been
done on the performance cvaluation of AIN operations.  Part of this thesis presents
preliminary studics on the performance issues of the intelligent network,  As an
extension of this thesis work, future research could address the lollowing aspects:

* models of traflic sources, and the perlormance under different waltic source models;

* the model of the S87 node which considers the heavy load of signaling walfic;

* the congestion control in the SCP node and the S87 node;

~ * the model which involves more than one SSPs, SCPs, and IPs.

107



Bibliography

[BG77]
[BSA93]
[BSK94]
[CDLS94] ‘.

[CGL93]

[CKIL93]

' [CMA93]

D. Bertsckas and T. Gallager, "Data Networks", Prentice-Hall Inc.,
Englewood Cliffs, H.J., 1977.
Bill St. Arnaud, "Multimedia Fax", Multimedia Communications 93, 1993,

pp. 368.

- Bernard S. Ku, "A Reuse-Driven Service Creation Environment for the

Advanced Intelligent Network", IEEE Infocom'94, 1994, pp. 263.

Celia Desmond and Irene Shumada, " Advanced Intelligent Network
Tutorial", Canadian Journal of Electrical and Computer Engineering, Vol.
19, NO. 1, 1994, pp. 17. .

E. Jane Cameron, et al, "A VFeatml'e-Imeraction Benchmark for IN and

Beyond", IEEE Communications Magazine, March 1993, pp. 64,

‘Renu‘ Chipalkatti, et al, "A Prototype of a Service Management System for

the Intelligent Network", IEEE Globecom, Vol. 3, 1993, pp. 1931.

Emilio Cancer, Ron McCann, and Marc Aboudharam, "IN Roll out in ‘

Europe", IEEE Communications Magazine, March 1993, pp.38.

108



[DaH92)

[DMA94]

[DMK]

(DSDG92]

[EFH92]

[FLM94]

[FS89]

[GET93]

{GRKK93}

THCW94]

David Harley, "Advanced Service Creation for Customized Intelligent
Network Services”, Proceedings of the International Council for Computer
Communications, Tampa, Florid, May 4-6, 1992, pp. 175.

Doug MacDonald and Sylvain Archambault, "Using Customer Expectation
in Planning the Intelligent Network”, 1TC 14, 1994, pp. 43.1.

David M. Kraychik, "Integrated Service Control Point (Introductory
Overview)", Volume 1, Advanced Network Systems and Technology
Research, Stentor Resouree Center, |

Dilip Singh and Donald R. Barrison, "Requirements for service Creation
Platforms in an Open sysiems Environment”, Proccedings of the
International Council for Computer Communications, Tampa, Torida, May
4-6, 1992, pp. 162. |
E. Fletcher Haselton, “Scrvice-Creation Environments for Intelligent
Networks”, IEEE Communications Magazine, February 1992, pp. 78.
Frank Y.S. Lin and Marco M. Mostrel, "Issucs on the Allocn.tion of
Performance Objcctives for Common Channel signaling (CCS) Networks”,
IEEE Infocom'94, pp. 1879.

Ameritech, "Ameritech Service Switching Point Functional Spcciﬁcalion“.
AM TR-OAT-000042 SSP Functional Specification Issue 1, July, 1989.

G. P. Eleftheriadis and M. E. Theologou, "User Proﬁlc‘ldcnliricalion in
Future Mobil.c Telccommunications Sy.stcms", IEEE thwlork,
September/October 1994, pp.33.

Fames J. Garrahan, et al, “Intelligent Network Overview", IIEEE.
Communications Magazine, March 1993, pp. 30. |

Hing F. Chong and Carl Woolf, "Methodology and Tools for Intelligent
Network Service Speciﬁcalion", IEEE Infocom, 1994, pp. 1259.

109



[HFCJ}94]

[ITOY4]|
[JaTh94|
[JCCY4]
{IDJV92]
llJGHS)?.]

[JHSH92]

[KEDF94]

[LaS94]
[MaK94]

[MC92]

Hao-Jen Fu and Carolyn Jack, "An Intelligent Network Service
Deployment Environment”, IEEE Network Operations and Management
Symposium, 1994, pp. 131.

Yasuaki Inoue, ct al, "Automatic Dectection of Service Intcractions in
Telccommunications Service Specifications”, IEEE ICC'94, pp. 1835.

Jan Thérner, "Intelligent Networks", 1994 Artech House, ISBN 0-89006-
706-6. |

Jerry C. Chen, "Open AIN Operations Strategies", IEEE Network
Opcrations and Management Symposium, Vol. 1, 1994, pp.140.

Jos¢ M. Duran and John Visscr, “International Standards for Intelligent
Networks", IEEE Communicaltinns Magazine, February 1992, pp. 34.
Jeffrey G. Hocfer, "Signaling System 7 Newwork Tralfic Management”,
IEEE Nctwork Opcration and Management Symposium, 1992, pp. 23.2.1.
Jonathan Homa and Sieve Harris, "Intelligent Network Requirements for
Personal Communications Services”, IEEE Communications Magazine,
February 1992, pp.70.

Damran Amir-Ebrahimi and Dewey A. Frech, "Call Processing Dal:i'in
Intelligent Network Elements and Traditional Switching Systems", IEEE
Infocom, 1994, pp 1248.

Lauri Isotolo, "'Applying Intelligent Networks to GSM", IEEE Infocom,
1994, pp. 1253.

Marek Kwiatkowski, "Steady State Performance Analysis of Intelligent
Networks Under Overload", IEEE Global Infocom, 1994. pp. 1269,
Michael Cain, "Managing Run-Time Interactions Between Call-
Processing Features”, IEEE Communications Magazine, February 1992,

pp. 44.

110



[MFW94]

[MITZ92]

IMLGBY%4]

[MOY94]

[MYBG95]

[NTU9I]

[OMDC94]

[OP93]

Masanobu Fujioka and Yasushi Wakahara, "Consideration on Common
Channel Signaling Evolution for Global Intelligent Networking”, 1EEE
Journal on Sclected Areas in Communications, Vol. 12, NO. 3, April 1994,
pp.510.

Myranda A. Johnson and Timothy J. Zcho, "New Service Testing
Functions for Advanced Intelligent Networks”, IEEE Newwork Operations
and Management Symposium, 1992, pp. 23.1.1.

Matthew Lenning and Greg. Beilby, "Directory Assistance Automation in
Bell Canada: Trial Results”, Proceedings of the Sccond IEEE Warkshop
on Inteructive Voice Technology for Telecommunications (IVTTA'4),
Kyoto, Scpt. 1994, pp. 9. |

Mitsuhiro Okamoto and Yoshihiro Hiitsu, "Dcsigllillg an SCE lor the
Advanced IN Applying the Service Soltware Verilication Method”, IEEE
Infocom'94, 1994, pp. 1243.

D. Makfilkis, H. Yang, L. Orozco-Barbosa, N. D. Georganas, "Advuhccd
Intelligent Networks: Some Thoughts on Future Scrvices and Potential '
Problems to be Solved”, Research Report, part I, Multimedia
Communrications Research Laboratory, iJnivcrsity of Ouawa, 1995.
Atsushi Nakamura, Toshiro Tanaka, and Hisakazu Uesaka, "SCP

Architecture with Pcrformancc Flexibility", IEEE Globlecom'91, 1991, pp.

"46.7.1. '

Omayma E. Mohurram and Donald Coombs, "Service Maintenance and
Tésting Strategy for Advanced Intelligent Network", I‘EEE Netwwork
Operations and Management Symposium, 1994, pp. 609.

MIL 3, Inc., "OPNET MODELER", Release 2.4, 1993,

11



|[PBY4|

[PHGY4|

[RBY2]

[RBCGY3|

IRBIBY2|

[RBR92]

[SCGY1]

[SCTY2]

[SDC94]

[SDM91]

Xuan H. Pham, Richard Beus, "Congestion Control for Intelligent
Networks", Computer Networks and ISDN Systems 26, 1994, pp.510.
Sanjiv P. Patel, Grant Henderson, and Nicolas D. Georganas, "The
Multimedia Fax-MIME Gateway”, IEEE MultiMedia Magazine, Winter
1994, pp. 64.

R. Boumezbeur, ¢t al., "Specifying Telephone Systems in LOTOS and the
Feature Interaction Problem™, International workshop on feature
interactions in teleccommunications software system, St., Petersburg,
Florida, Dec., 1992,

Peter A, Russo, et al, "IN Rollout in the United States", 1EEE
Communications Magazine, March 1993, pp. 56,

Roger K. Berman and John H. Brewster, "Perspectives on the AIN
Architecture”, IEEE Communications Magazine, February 1992, pp. 27.

R. B. Robrock, "Putting the Telephone User in the Driver's Seat”,
Proccedings ol the International Council for Computer Communications,

May 1992, pp. 144.

| Bellcore, "ISCP SPACE Service Creatidn Guide", Issue 1, Dec. 1991,

Version 1.0

Bellcore, "ISCP SPACE System Service Creation Training Manual”, Issue
1, February 92, Version 1.0.

W. K. Schnure, P. J. Donnelly and K. D. C;:bulka, "New Applications of
Advanced Intelligent Network Technology®, IEEE Network Operations
and Management Symposium, Vol. 2, 1994, pp. 218.

Bellcore, “ISCP SPACE System Description Manual", Issue I, Dec. 1991,

Version 1.0

112



[SHIP93]

[SK192]

[SND91]
[SPGY4]
[SSUY3|

[UGMY4]

[VMRP93]

[YNNU92)

[YWO92]

Scot Hoffpauir and Jerry Parker, "Impact of Terminal Mobility on the
Intelligent Network”, (BNR Inc., 2201 Lakeside Blvd., Richardson, TX
75083-3871), pp.11.

Surinder K. Jain, "Intelligent Peripheral: Signaling and Protocols”, The X1V
International switching Symposium, Qctober 1992, pp. 117,

Bellcore, "ISCP Node Description Manual”, Issuc |, Dee. 1991, Version
1O

Belleore, "ISCP SPACE System Service Provisioning Guide”, Issue 3,
January 1994, Version 2.2, |

Shigchiko Suzuki, "An Overview ol the Progress in the Intelligent
Network®, NTT Review, Vol. 5, NQ. 5, Sept. 1993, pp. 32

Brian W, Unger, Douglas J. Gocetz, and Stephen W, Maryka, "Simulation of
S§7 Common Channel Sig;nuling“, [EEE Communication Magazine, March
1994, pp.52.

Venkata C. Majeti and Ram A. Prasad, "Advanced Intelligent Network
Directions”, IEEE Globecom, Vol. 3, 1993, pp. 1938.

Yukari Nagano and Nalki Uchida, "Verification of Customer-Defined
Services in the Intclligcni Network", Proceedings ol the International
Council for Computer Communications, May 1992, pp. 151.

Y. Wakahara, et al, "A Mecthod for Detecting Interactions Among

Services and Secrvice Features", International workshop on feature
‘ P

“interactions in tclecommunications software system, St., Petersburg,

Florida, Dec., 1992,

113



Appendix

Appendix 1: CS-1 Services and Service Features

Reverse Charging Call Distribution
Call Gapping Call Limiter
Gall Queueing O_Call Sereening
T_Call Screening . Closed User Group
Customer Profile Management Follow-Me Diversion
Origin Dependent Routing Customized Recorded Announcement
Time Dependent Routing - User Prompter
Abbreviated Dialing Authentication
Authorization Code Off-Net Access
Off-Net Calling Attendant
Mass Cailing Split Charging
Premium Charging Private Numbering Plan
One Number Customized Ringing
Qall Logging Call Forwarding in BY/DA
Call Forwarding Personal Numbering
*Call Waiting *Multi-way Calling
*Meet-Me Conference *Call Transfer
*Call Hold with Announcement “Consultation Calling

*Automatic Call Back

Note=The scxvice femtures indicted with 2 -mwmmwhmmmmmﬁhwmmmAm
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Appendix 2: AIN Release 1 Call Model

———————

| 0.1 f Termination Attempt

Termination Denjed

Busy

]

S87 failure ocaurs

Call Rejected

Rlinging Timeout

Mid-call ' \
rf— 1 Active
Disconhected
Mid-call

.‘_L Release Pending ]_._-..

l I Release Timeout

called

party
reconnected

LEGEND

PointIn Call

Eﬂ Detection Point

Phase 1 Resume PICs
Phase 1 DPs

0.1 Release 0.1

Terminating Basic Call Model

115



A

Disconnected
3 Noll Jr— — — — (Exception
0.1 { Origination Anempt
Feanure
Requested Origination Denied
<—l Authorizing Orig. Auempt

Criginated

Collect Timeout

g i

Collecting Information

v Network Busy

Selecting Route : r:. -

Route Selected
Fearure route busy
Reguested ~ Authorization Failure

Authorizing Call Senrp
Call SenupAuthorized
Requcstcd / Busy Reported
Call Proceeding -

,-4 Call Delivered
Mid<call P Cieared

| Waiting for Answer

A T
[froen ¥ ¥ ]

—] Active | {elied
‘ Cleared ﬁmm
Mid-call
g Release Pending ]_-. LEGEND
‘Mid-call ‘?“;Lﬁ:: Point In Call

“LDP] Detection Point

a Phase 1 Resume PICs
Phase 1 DPs

0.1 Release 0.1

Originating Basic Call Model
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Appendix 3: A Brief Description of OPNET

OPNET is designed to provide a comprehensive development environment supporting
the modeling and performance-cvalumion of communication networks and distributed
systems. The system behavior and performance are analyzed by performing discrete

cvent simulations. The key features of the OPNET package are:

* Object oriented
OPNET madels are specified in terms of objects, cach with configurable sets of
attributes.  The package supports lexible definitions of new objects with programmable

characteristics and behavior in order 1o address as wide a scope of systems as possible,

* Specialized in communication networks and information systems.
Model building blocks focus primarily on communications and information processing o

accelerate development elforts for networks and distributed systems.

* Hierarchical models

The OPNE.T models arc hicrarchical o naturally paralleil the structure ol actual
communication networks. There are four levels in the hierarchical models: the Network
level, the Node level, the Process level and the Parameter level.  This feature, plus the

object oriented feature, makes the OPNET models casily to be designed and understood.

* Graphical specification
Wherever possible, models are entered via graphical editors which provide an intuitive

mapping from the modeled systém to the OPNET model specification.
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* Flexibility to develop detailed custom models
The OPNET provides a flexible, high-level programming language with cxtensive
support for communications and distributed systems. This environment allows the rapid

modeling of communication protocols and algorithms.

* Automatic generation of simulations
Model specifications are automatically compiled into exccutable, efficient, discrete-cvent

simnlations implemented in the C programming language.

* Integrated analysis tools
Performance evaluation, and trade-olT analysis require large volumes of simulation
results to be interpreted. The OPNET includes a tool for graphical presentation and

processing of simulation output.

* Advanced debugging
All OPNET simulations automatically incorporate support for program testing via a

sophisticated interactive debugger.
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