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Abstract

Quality of Service (QoS) in the Internet is one of the most active research areas in the
recent vears. With the introduction of sophisticated multimedia applications.
researchers have concentrated in finding solutions to make the Internet a suitable
environment for such applications. The obvious solution is to enable applications
reserve network resources according to their QoS needs. Researchers have also
suggested enhancing the existing routing protocols for handling QoS. In this thesis. we
present an end-to-end QoS architecture based on resource reservations. The architecture
proposes the introduction of domain agencies in network domains. The domain agency
is responsible for managing the resources in its domain and reserve resources according
to the received requests from the users. It handles immediate and advance resource
reservations and adapts the reserved resources according to user interactions. [t contains
a QoS routing agent to construct a QoS intra-domain path. The QoS routing agent uses
a modification of Dijkstra's algorithm to find a shortest-narrowest path that
accommodates the requested QoS. We present the analytical study and implementation
of the main components proposed in this thesis. Then present implementation of the
architecture in an agent environment. which provide a good opportunity to test and

analvze the svstem.

v



TABLE OF CONTENTS

ACKNOWLEDGEMENT 11§
ABSTRACT ..o Y
LIST OF FIGURES .t ceesae et e e e sas s ee e s e e e e see e e seeaemseeae VIII
LIS T OF TABLES .ttt s e et seas e s e e n s emee s ee s e e nanenee X
1. INTRODUCGTION ...t e oo s e se e me s e s e e m s e emteeeaeeseanns 1
1.1 MOTIVATION oottt e oo e e eeee oo s e e e s ee e s e s e eenaenenae 1
1.2 THE THESIS oot eeee e et cee e e s s e e s e e m e s e se e s ta s e s e e sme s smeemamanennen 3
.21 ThesisS APPrOACH. ... et s e 3
1.2.2 CONIMDULIONS ... et e e oo ae e e e e eee 4

1.2.3  Thesis Outline.............. reeeeeee ettt et e s et e et st s en et e s 5

2. BACKGROUND & RELATED WORK ... 6
2.1 INTRODUCTION ..ttt ecoee e ee s e me e s ane s s e aesessee s senssss s ensssm e ee s eseeemeen 6
2.2 NETWORK QUALITY OF SERVICE ceuveeeeriiieiiiereeeerseeeresnreeeeesesssee e imsssmnmsssssnssssssnen 7
221 Qualitv of Service Defimition......ooovee e 7
222 QOS SPECIIICAIONS -.oneeeieiceieeieesneanieeneeroseeaeeseeesaeeeeeamsensesnesseessneeseneraeennsens 8
223 TVP@ O SEIVICE et e et eeesae e s e sa e e sme e e e sanene 10
2204 RESOUICES. .ot eeee e e e aneeee e e e s eesesenmsaseaesesssnnnneeseeeennns 11

23 ADMISSION CONTROL et cee e et eee s eve s ses s e s st seee e e asaens 13
2.4 (JOS ROUTING ceteeeeeeeeettteeeeee i ssssassssesesesssss s s s ssssssossaesaes e sssmssasssssnnsnne 13
241 QoS Routing Challenges..... ..o 14
242 Agent TechROIOZY .o e e 14

2.3 RELATED WORK ...t eae e e e e meee 16
2.5.1  Quality of Service and Resource Reservations ...o.ooovveevieeeverieeieeeeneieenes 16
232 Qualityof Service ROUNNE ..ot eeeeee 19
2.5.3 Dascussion of Related WoOrk .ooooviiiiieeiiiii e 20

3. RESOURCE RESERVATIONS ARCHITECTURE ..o 21
3.1 INTRODUCTION .ot ee oo e 21
3.2 OVERALL ARCHITECTURE 2
3.2.1 Negotiation Phase. . ... eaee 27
3.2.2 Resource Reservation Phase 31
3.2.3 Adaptation Phase......coooooiii 31

3.3 DOMAIN AGENCY .eeieeiecceececcecen. 32
3.3.1 OSPF Domains 32
3.3.2 Domain Agency Architecture ... 34
3.53.3 Domain Resource Reservation Agent 35
3.5.4 Quality of Service Routing Agent 36




3.3.5 Domain Admission Control Agent - 37
3.3.6 Reservauons State Agent 37
3.4 DoMAIN AGENCY COMMUNICATIONS PROTOCOL 38
3.4.1 Interactions between Domair Agencies 39
3.4.2 Status of Current (Immediate and Advance) Reservanons...........cccauue.. 41
35 SUMMARY 42
ADMISSION CONTROL “
4.1 INTRODUCTION eeeemreeneeeeeerneanaeas 4
4.2 ADMISSION CONTROL ALGORITHMS OVERVIEW 45
4.2.1 Simple Sum Parameter-based Algonthm 45
4.2.2 Measured Sum Measurement-based Algorithm 45
4.2.3 Acceptance Region Measurement-based Algonthm .36
4.2.4 Equivalent Capacity Measurement-based Algorithm 46
4.3 DISCUSSION OF ADMISSION CONTROL ALGORITHMS ....nieeeereeeeeaceecesaccrncnenne 47
44 EFFECTS OF BOOKING AHEAD SHARED RESOURCES 48
4.5 ADMISSION CONTROL FOR RESOURCE RESERVATION -\RCHH‘ECTL RE oo 49
4.5.1 Immediate ReSEIVALIONS.......oovriceieeeeceeeeeeeecee e e eeeseeeesennee s eaeecenennes 50
352 Advance ReSEIrVAUONS..........eoiiieeeecceceeeeecereeerreeseeeenmnnnsese e naeeeeeeneeenaes 51
453 USCr INIETACUON «.oeeeeeeeeeeeceeeeeeeeeeemneeenraseeesn e eesrene s s snnssanaaaensanseneseseneenes 51
1.6 ADMISSION CONTROL SIMULATION ..ocemieeamcermee e eeeneeeseoeenaceeaeseeeneecee e nesseene 58
4.6.1 Simulauon Parameter ChOICES.....oooeeeieeeeeceeeceeeeee e e ceeceenee 58
4.6.2 Simulanon Results eeeeeeeteeeeneneeseeeennnsssennaas 59
4.7 SUMMARY eeeeeeeeeeeseesemmseeeseemmeeessssseeeseeseessssesstesessseseesesennmmeesssas 64
QUALITY OF SERVICE PATH SELECTION .ccoeoieeeeeeee. ereeeeerneeenaeans 63
5.1 INTRODUCTION oot e e ce e e e e e smmeme e e e s e e e e esem e s rmmeenen 65
5.2 PATH SELECTION SCHEMES ...ooiiieieiieeeeceseeeerreeeeeereesasereoscessssssceseee s meeresnnas 00
5.2.1 On-demand Source ROUUNG......cccamrmiirmiiriiiiiice e 68
5.2.2 On-demand Distributed ROUNNE ....cooeeiiiiiiiiiiieeecce e 6Y
5.2.3 Pre-Computation ROUTNE ....ccoceeeieeereineiereeeceeeeee e oo enenne oY
5.3 THE RATIONALE BEHIND THE QOS ROUTING AGENT 70
54 QUALITY OF SERVICE ROUTING AGENT «.oioieteieeceeceeecceeeseeceseerce e ceeesaoeenaes 72
5.4.1 The Shortest-Narrowest Path Calculation Algorthm...................... 74
542 Example NetWork. ..ot .77
55 QOS ROUTING ALGORITHMS PERFORMANCE EVALUATION Lo 78
5.5.1 Network Topology..... ereeeeeeemeeeeenteeennteeenese e noreneeen 78
3.53.2  Simulation RESUILS ..o e emaeeans 79
3.6 QOS ROUTING AGENT SIMULATIONS c.nntieeeemeeeeeeereneeeeaeesssesemessesceassamraeneas 3
5.6.1 Simulation parameter SeleCtion .... .o 3
5.6.2 Simulation Results ... eeeeeeenneeeas eeeaes 84
5.7 QUMM RY ot eeeceeeeeeaeeee e asesesnmaeeeeeseeeessssseaeaesmmmmeeesanmseesssenmeennnne 87
IMPLEMENTATION Lo . ...89
6.1 INTRODUCTION ..o - 89
6.2 LIMITATIONS 90
6.3 OVERVIEW OF FIPA axD FIPA-OS 90

vi



6.4 IMPLEMENTING THE DOMAIN AGENCY ON TopP OF FIPA-OS

6.5 EXPERIMENT

6.5.1 Parameter Choices

6.5.2 Expenmental Results

6.6 COLLABORATIVE ENVIRONMENT FOR VIRTUAL TEAMS APPLICATION

6.6.1 Integration Plan
6.6.2 Design Considerations

6.6.3 Experiment

6.7 SUMMARY

7. CONCLUSIONS & FUTURE WORK

7.1 CONCLLUSIONS

72 FUTURE WORK.

BIBLIOGRAPHY .......

PUBLICATIONS BASED ON THIS RESEARCH




LIST OF FIGURES

Figure 2.1: QoS-layered model for commurnications SyStem.......ccoeveeereennenmrannnnnn 8
Figure 2.2: ENd-10-eNd reSOUICTES. ... coiniriniiiieeiiiiie i ceeaeeeeanreeeeenee s canae 12
Figure 3.1: Resource reservations architeCture. ...........ooiiiirnevinneerneeeacnccneenns 22
Figure 3.2: Sample network domains. ..........cooiiiiiiiiiiiii et 27
Figure 3.3: Receiver-Sender NegotationsS. .......cvveennrnierniciirrrereeeacereeaanenenens 29
Figure 3.4: End systems-Network negotiations. . ......cuveeeieeeeeieceiernnencraneecnnen 30
Figure 3.5: Messages flow. ... e e 31
Figure 3.6: OSPF areas. ....cociiiniiii i ettt eeee e e eeee e e naes 33
Figure 3.7: Domain agency architecture. ..........oooii it eceeen 35
Figure 3.8: Snapshot of reservation state of asingle link.................coiiiiii. 38
Figure 3.9: Dimensions of the reservation database.................coooiiiiiiiiiaiiianaee. 38

Figure 3.10: Interactions between domain agencies and the parent DA...................40

Figure 3.11: Parent DA and child DA setup......ccooiiinniiiiiiiieiiicieeeees 41
Figure 3.12: OSPF AS domain. .. ..c.ooieiniiiiiii e cecee e eeaeees 42
Figure 4.1: Effects of booking ahead on rejection probability...............ccco.ooooie 48
Figure 4.2: Bandwidth-time resource reServations. .......occeueeeunreeeeeeeaeecmmeeaeaaenns 49
Figure 4.3: Increase bandwidth immediately.......... ..ot 53
Figure 4.4: Increase bandwidth after sometime............ccooiiiiiiiiiiiii e 54
Figure 4.5: Increase UIation. .....coou oot re e eaaaeaee 54
Figure 4.6: Increase duration and decrease bandwidth....................cooiiiiiiii.. 55
Figure 4.7: Increase duration and increase bandwidth immediately....................... 56
Figure 4.8: Increase duration and increase bandwidth after some time................. .56
Figure 4.9: Decrease duration and increase bandwidth immediately..................... 57

Figure 4.10: Decrease duration and increase bandwidth after some time................57

Figure 4.11: Admitted advance duration. ..............c.ooiiieiiiiiieiiieeereeen e 61



Figure 4.12: UtHzZation. ... ..o it 62

Figure 4.13: Advance duration with USer INtEractions. ........cceeueeerneierieinnrncncnnnn. 64
Figure 4.14: Utilization with USEr INTErACHONS. . ... everninneeeeencreeeneraneeeereenncennand 64
Figure 5.1: Domain agency architecture. ............c.ooiiiiiin i ieieeeeeenee 70
Figure 5.2: Resource fragmentation problem............ccooeiiiiiiiiiiiiiiiiiiiieannn, 74
Figure 5.3: Network example...... ..o e eaen 77
Figure 5.4: SUCCESS Tale. ... .ottt e ee e eee e ee e e e eeee 81
Figure 5.5: Average hop COUNL. .....coouuit it iccce e e eee e eeeeeeeneeaenans 82
Figure 5.6: Simulated network topology. ......oooviniimnii e eeeeaeee 83
Figure 5.7: Admitted advance duration for single link.........cc.coeiiiiieiiiinnnnn.... 87
Figure 5.8: Admitted advance duration using QoS routing agent...........................87
Figure 6.1: Agent Management Reference Model................ ... 91
Figure 6.2: Domain agencyontop of FIPA-OS...... ..o, 93
Figure 6.3: EXperiment SEIUP. ... ....ouiniii it eeee e e e e oo 9%
Figure 6.4: Immediate rejection probability. ... 97
Figure 6.5: Immediate preemption probability...............ooiiiiiiiiiiiiiiiii . 98
Figure 6.6: Duration of admitted immediate sesSIONS..........ccocevveiieiineieimnnnennn... 99
Figure 6.7: Links utilization. ........coouitiiiiiiiiii e eeee e o 104
Figure 6.8: Integration with V-Team/CE......... ... e 108
Figure 6.9: Flow of reservation messages. ..........ccocviciiiiiiiiiiieiiiiiieenennnnn. 109



LIST OF TABLES

Table 2.1:
Table 4.1:
Table 4.2:
Table 4.3:
Table 5.1:
Table 5.2:
Table 5.3:
Table 5.4:
Table 6.1:

Examples of audio, video and data QoS parameters..............cc.cooeoaesl 9
USEr INETACTIONS. . oo cetiittie i ceeinteeecceeeaeeeeaneeaneeeaneecnnncncasnneannnns 52
Simulation results without USer INtEractionsS. ....cooveeeeeeeeererneerecncennnnn. 61
Simulation results with user interactions. ..........cceecereereeeeeeerenneennenn 63
Shortest-narrowest path calculation...........c..ccooiiiiiiiiiiiiiiiiiiiiinn. 77
Rejection and preemption probabilities............cccooiiiiiiiiiiiiiiiiin, 85
Average link utilization. ..ottt e 86
Simulation results for single path.................o e 87
Average values of link utilization............oiiiiiiiiiiiii i 105



Chapter 1

Introduction

1.1 Motivation

The advent of high-speed networks with powerful multimedia workstations and new
storage technology provides valuable opportunities to design new applications. such
as video on demand. video conferencing, distance education. Internet telephony, etc.
These applications process more than one media object. such as Audio. Video, Image,
Text. etc. which make the applications very sensitive to quality of service changes.
Furthermore. distributed system configurations permit several powerful workstations
to share resources located at several sites by communicating through the Internet
[KAR96]

The present architecture of the Internet provides a very simple service, the best-
effort service. Best-effort service does not provide any QoS guarantee and all traffic
are treated equaily. Using this service, packets compete for the network resources,
and traverse the network according to the service of the underlying routing protocol

algorithm. In fact, this service is not suitable for continuous real-time traffic that has



stringent quality of service requirements. Therefore, néw service architectures have
come into existence to provide solutions to the QoS problem. The most obvious
solutions are to control the number of sessions submitted to the network and enable

applications reserve network rescurces according to their QoS needs.

To improve the existing Internet architecture, for accommodating multimedia
applications. the Internet Engineering Task Force (IETF) [IETF] has been developing
a number of protocols that manage the transfer of muitimedia information between
clients and servers. These include protocols for resource reservations, real-time

transport, real-time control and real-time streaming of data [BUL97].

The first architectures for resource reservations suggest that applications could
ask for resource reservations that start immediately and continue for indefinite
periods of time [BRA97. CLA92]. These architectures also face the problem of the
scarce of network resources, where most resource reservation requests are rejected.
To overcome this problem. new schemes have been proposed to enable applications
reserve resources in advance [BER98a, FER9S. REI94. SCH97. WIS98, WOL95]. In
fact, these schemes do not explicitly solve the problem of the scarce of network
resources. but it enable users choose the periods of time in which resources are
available. Once the resources are reserved. they will be available to users at the start
of their applications. Meanwhile. advance reservations give chance to service
providers in managing network resources and put cost schemes on using network

resources.

Resource reservation protocols such as RSVP [BRA97] provide a method for
requesting and reserving network resources. they do not provide a mechanism for
determining a network path that has adequate resources to accommodate the
requested QoS. Therefore, if resource reservation protocols are used with the existing
routing protocols, which use shortest-path (least-cost) algorithms for path
computation. they will load the selected path and leave other paths unloaded. This
behavior raises several problems. First, bottleneck problem where all traffic is
directed to one path (shortest-path). Second, fewer flows will be admitted due to the

lack of alternative paths. Third, less network links utilization, where some links are
2



free or slightly utilized. Last but not least, if the links costs change, to avoid
congestion, or some links fail, the traffic will change direction and use another path in
which it does not have reservation, and loose the QoS. Therefore, new schemes for

quality of service routing have been developed to alleviate those problems.

1.2 The Thesis

This thesis presents a novel scalable solution to end-to-end QoS guarantee in the
integrated services packet switched networks. It relies on domain agencies located in
network domains to manage network resources and construct a QoS path for
applications that require stringent QoS. The architecture also monitors user
interactions and updates the network and end systems resources to reflect the invoked

user interactions.

1.2.1 Thesis Approach

The main goals of the thesis are to provide a scalable. efficient, and flexible QoS
architecture. This is because the Internet is growing very fast and performance is the
main concern ot the Internet users. The thesis relies on a number of recently
developed network protocols and network services introduced by the IETF. such as
integrated services networks [BRA94], controlled-load service [WRQ97a]. resource
reservation protocol (RSVP) [BRA97] and Open Shortest Path First protocol (OSPF)
[MOY94. MOY98]. The OSPF protocol is the most widely used routing protocol in
the Internet. The other protocols have been proven to be useful for the deployment in
the Internet. which provide a suitable environment for muitimedia applications to be
utilized in the Internet. We take advantage of these protocols and services, and
propose our work to be complement for providing better scalability and provide new

services for [nternet users.



1.2.2 Contributions

In this thesis, we present an end-to-end QoS architecture for an integrated services
network. The architecture handles each session from its start (negotiation and setup)
to its end. It also handles user interactions during the passive and the active periods of

the session. The thesis presents the following original contributions:

e End-to-End Resource Reservations Architecture [SAL99b]: We present
architecture for end-to-end resource reservations with user interactions. This
architecture is based on domain agencies, where in each network domain there is a
domain agency. The domain agency is responsible for making immediate and
advance resource reservations. and then adapts the reserved resources according to
user interactions. We also present a framework for domain agencies. which
facilitate the communications of domain agencies with the receivers, the senders

and the routers.

e User Interaction Admission Control [SAL99c]: To this time. several admission
control algorithms have been introduced for admitting immediate and advance
resource reservations. Our work extends those algorithms by introducing user
interactions. which represent one of the most supported features of multimedia
applications. We implemented a simulation model to monitor the effects of user

interactions on network resources, and on admitted flows.

e Quality of Service Routing Agent [SAL99a]: We state a different approach for
QoS routing, where we suggest using 2 QoS Routing Agent (QoSRA) to perform
the QoS route caiculations for immediate and advance reservations on behalf of the
network routers. Therefore. the underlving routing protocol forwards the best-effort
traffic. and the QoSRA is invoked only when there is need for resource reservation
and QoS guarantees. We also present a2 QoS route calculation algorithm. which
computes the shortest-narrowest path that satisfies the desired QoS. The QoS
routing agent uses a modification of Dijkstra’s algorithm. We implemented a
simulation model to monitor the rejection probability of the immediate and advance
requests, and to monitor the utilization of each link in the simulated network.

4



1.2.3 Thesis Outline

In chapter 2, we provide a background of the subject topic and survey the related
work. The complete architecture is discussed in chapter 3. In this chapter we define
the architecture components, and present the three-stage reservation process,
negotiation, reservation and adaptation. We also present the network domain agency,
and define its components and state a protocol for domain agencies to adapt to
network changes and how domain agencies communicate with each other and with
end syvstems. Chapter 4 presents the user interactions admission control algorithm.
where we present the equations of user interactions and then present the simulation
results of the admission control algorithm with and without user interactions. QoS
routing agent. and simulation results are presented in chapter 5. In chapter 6. we
provide the implementation of the architecture in an agent environment. provide the
results of this implementation and show an application example. The work is

concluded in chapter 7.



Chapter 2

Background & Related Work

2.1 Introduction

The work on the Intermnet QoS continues as long as there are new multimedia
applications™ QoS constraints and new users’ QoS requirements. The QoS provision
depends on three main topics. The first is to clearly identify the Internet QoS. the QoS
parameters. the type of service and the end-to-end QoS architecture that suits the
Internet infrastructure. The second is to study the system and the network resources.
and to provide an efficient system that manages the sharing resources and maintain
their usage. The third topic is to select the necessary protocols and algorithms that
support the scalability of the system. so that the Internet can accommodate as much as
it can of traditional and real-time traffic with QoS guarantee. This chapter provides
background information on the end-to-end QoS and compares the related work to the

contributions of this thesis.



2.2 Network Quality of Service

In this section, we provide some basic concepts of quality of service. The quality of
service concept is the same for all types of networks, but the way it is implemented is
different for different types of networks (ATM, Telephone network, [P networks,

etc.). Throughout this thesis. we will focus on [P networks.

2.2.1 Quality of Service Definition

The notion of quality of service (QoS) in communication networks has changed since
the emergence of multimedia applications that contain one or more time-dependent
streams. The previous definitions of QoS were concentrated on services provided by
lower protocol layers and are not applicable to the application layer. Following are

some definitions of QoS:

~QoS is the collective effect of service performance which determine the
degree of satisfaction of a user of the service™, CCITT [.350 [CCI89].

*QoS is a set of quality requirements on the collective behavior of one or

more objects” [[SO95].

*QoS is described in terms of a set of user-perceived characteristics of
performance of a service. It is expressed in user-understandabie language
and manifests itself as a number of parameters. all of which have either

subjective of objective values™ [RAC91].

*QoS represents the set of those quantitative and qualitative
characteristics of a distributed multimedia system necessary to achieve
the required functionality of an application. Functionality includes both
the presentation of multimedia data to the user and general user
satisfaction. The QoS of a given system is expressed as a set of

(parameter-value) pairs, sometimes called a tuple; we consider each



parameter as a typed variable whose values can range over a given set”
[VOG95].

[ISO95] and [CCI89] definitions are too general to be meaningful, and are meant
for lower layers only. [RAC91] and [VOG95] improve the previous definitions to be

more specific and include all layers starting with user perception.

2.2.2 QoS Specifications

To provide an end-to-end QoS for multimedia applications, the QoS provision needs
to be supported by all layers of the communication system [NAH95a]. The
communication system as shown in figure 2.1. consists of three main layers
[NAH95a]; application, system and devices. Hence, this implies three types of QoS:
application QoS. system QoS and network QoS. Tables 2.1, show examples of

common QoS parameters.

User

Perceprual QoS ?
v

Application

Apphcation QoS ?
\ 4

System

(Operanung and Communication System)

System QoS
Device QoS Network QoS
MM Devices Network

Figure 2.1: QoS-layered model for communications system
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Medium QoS Parameter Values Quality
Audio Sample Size 8-bit Telephone voice
(Application Sample Rate 8§ KHz Intermediate delay 125 ps
QoS) Sample Size 16-bit CD audio
Sample Rate 44.1 KHz Intermediate delay 22.7 us
Audio End-to-End 0 to 150 ms Acceptable for most user
(Network QoS) delay application
150 to 400 ms May impact some applications
Above 400 ms Unacceptable
Bandwidth 16 Kb/s Telephone speech
32 Kb/s Audio conferencing speech
64 Kb/s Near-CD quality audio
128 Kb/s CD-quality audio
Video . Frame Rate 30 f/s NTSC format
(Application f 25 s PAL format
QoS) i 60 fs | HDTV format
Frame Width | < 720 pixels | Video signal MPEG
Frame Height | <576 | Vertical size
| Video ~ Bandwidth ' < 1.86 Mbivs ' MPEG encoded video
. (Network QoS) ' 64 Kb/sto 2 Mb/s  H.261 encoded video
| | 1544 Kbis to 2| H.I20
1 : | Mb/s ,
| 140 Mb/s - TV. PCM coding
i | Over 1 Gbrs HDTV uncompressed
‘ | | Around 500 Mb/s | HDTV lossless comp.
: 20 Mb/s ' HDTV lossy comp.
- End-to-End ' =250 ms :
delay T !
Data | Bandwidth : 0.2 to 140 Mbrs . File transfer
| . ; | i
Newwork QoS TElqo-End | =1s :
. delay ‘ :

Table 2.1: Examples of audio. video and data QoS parameters




2.2.3 Type of Service

Traditionally, transmission of voice, video and data has been carried over different
types of networks: telephone networks for voice, cable networks for video, and
computer networks for data. Each network provides its own dedicated resource
management that is optimized for its particular usage. With the increased capacity of
data networks and the emergence of multimedia applications, it is desirable and
feasible to have a single network over which voice, image and data streams share the
same resources with appropriate end-to-end user QoS. To balance the complexity for
QoS management within the network against the diversity of applications. the
network should provide multiple classes of service with different QoS guarantees.
Such a network is called an integrated services network [BRA94], because it provides
services (e.g.. real-time voice. video and best effort) that previously required separate

dedicated networks.

The Integrated Services Working Group of the IETF has discussed four separate
qualities of services for real-time traffic in the Internet: Guaranteed. Predictive,
Controlled Delay and Controlled Load Service. From these. the Guaranteed and
Controlled Load services are to become proposed standards. for further deployment

and experimentation in the Internet [FLO96].

Guaranteed Service [SHE97a] provides an assured level of bandwidth that, when
used by a policed flows. produces a delay-bounded service with no dropped packets.
The Predictive and Controlled Delay Services [FLO96], which are not currently
planned for deployment. were both intended as real-time services that provide low
packet loss. Predictive service was intended for applications that require an upper
bound on end-to-end delay. Controlled-Delay Service is intended for applications that
can dynamically change the level of packet delay they request from the network.

when their current level of delay is not adequate.

In contrast, Controlled-Load Service [WRO97a] is intentionally minimal,
offering only a single class of service, and requires an admission control procedure

whose goal i1s simply to ensure that adequate bandwidth and packet processing
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resources are available to handle the requested level of traffic. Controlled-load service
provides the client data flow with a quality of service closely approximating the QoS
that same flow would receive from an unloaded network element, but uses admission
control to assure that this service is received even when the network element is
overloaded. The controlled-load service is intended to support a broad class of
applications. which have been developed for use in today’s Internet, but are highly

sensitive to overloaded conditions.

Flows in an int-serv (integrated-services) architecture are characterized by two
specifications [PAR92b, SHE97b, WROQ97b]: a traffic specifications, which is a
specification of the traffic pattern which a flow expects to exhibit; and a service
request specification. which is a specification of the QoS a flow desires from a
service elements. The int-serv architecture, which is restricted to the network but

applicable in the end-system. too. is comprised of four components [BRA94]:

e Packet scheduler: forwards packets streams using a set of queues and timers. It
should be able to implement different QoS requirements of real-time applications
[DEM90].

e Packer Classifier: maps each incoming packet into a set of QoS classes. State
aggregation is very important at this step as it reduces the packet classifications
overhead [BER98b].

e Admission control: enforces the admission control algorithm to determine whether

a new flow can be admitted or denied.

e Reservation setup protocol (e.g. RSVP): necessary to create and maintain flow-

specific state in the routers along the path of the flow.

2.2.4 Resources

Resources are objects that are required by processes to perform certain tasks. A
resource can be a hardware device or file system stored locally at the same place of

the process or remotely at different locations in the network. Generally, a resource
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can be anything that can only be used by a single process at any instant of time
[TANS2]. Usually, when the requested resource is not available, the requesting
process may wait until the resources are free again. This situation is not valid for real-

time traffic, because of time delay, the request is rejected instead of being waiting.

For multimedia communication systems, resources comprise all objects required
for processing and transmitting multimedia objects. These resources exist along the
end-to-end path from source to destination(s). Resources are further classified to
active or passive and exclusive or shared. The CPU is an active and shared resource.
the memory and bandwidth are passive and shared resources. while the loudspeaker is
a passive and exclusive resource. Shared resources have limited capabilities and for
processes to efficiently utilize those resources, a resource management system is
needed. Figure 2.2 presents the shared resources from end-to-end [WOL98].

Sender Router Receiver
v v v
CPU Memory CPU Memory CPU Memory
170 Dev. Bus BW 'O Dev. Bus BW 'O Dev. Bus BW
A A

Bandwidth Bandwidth

Figure 2.2: End-to-end resources




2.3 Admission Control

The resource management system depends largely on the admission control algorithm
to share resources. The appropriate admission control algorithm maintains the
resource usage at certain level that protects the QoS assigned to the current sessions
(immediate and advance sessions). There are two approaches of admission control,
the first approach is a parameter-based admission control and the second approach is
measurement-based admission control. The parameter-based algorithms rely on the
requested QoS requirements and the calculated QoS values of the current sessions to
admit the new flow. while the measurement-based algorithms rely on the measured

state of admitted flows and the QoS requirements of the new flow [JAM97].

Admission control can be applied on sessions that request immediate resources as
well as sessions that request future resources. The scheduling of resources according
to their capabilities and time, allow the admission control to provide better scalability.
We will see later that requests that ask for resources after certain time have very high
acceptance probability. In this thesis. we also apply admission control to user

interacuons.

2.4 QoS Routing

The current routing protocols are completely transparent to the QoS needs of real-
time traffic. This implies that flows are routed over paths that are unable to support
their QoS demands. while other paths that can handle the QoS needs of the real-time
flows are available. This of course results in high rejection probability and low
resource utilization. QoS routing is recently suggested to serve two different needs.
selecting feasible paths that satisfy QoS constraints and increase the utilization of

network resources.
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2.4.1 QoS Routing Challenges

QoS routing protocols require the enhancement of existing traditional routing
protocols or developing new protocols. In fact, QoS routing with multiple constrains
renders the process of selecting a suitable path very complex, which raises a questions
on deploying the QoS routing in the Internet. Following are some issues for applying

QoS routing with multiple constraints [MA98a, MA98b]

e Computation complexity: selecting a path with multiple QoS constrains is an NP-
complete [GAR79. WANO96]. This could be much complicated and impractical for
large networks. For single QoS constraint, the computation may be compared to
that of traditional routing algorithms. but the QoS routing algorithm is much more

dynamic, as the amount of available resources change for every request.

e Utilization efficiency: generally. QoS routing protocols increase the utilization of
using network resources. In case of multiple QoS constraints. it is not clear for
which QoS parameter to optimize the network. Therefore. different QoS routing
algorithms required to handle different traffic needs. in order to achieve higher

utilization

¢ Inaccurate routing information: routing protocols rely on global state
information (in case of link state routing protocols) or partial state information (in
case of distributed routing protocols) to perform their calculations and find routes.
For dynamic networks. the network state information in the routers may be not
consistent. which produces false routes. Therefore. centain techniques have to be
used to check the consistency of links states: this may imply increasing the
frequency of exchanging the state information database. which also leads to another

problem (wasting resources).

2.4.2 Agent Technology

Quality of service provisioning in computer networks requires at least three

processes. QoS negotiation. resources setup and management processes. The three
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processes require the exchange of messages between end systems (which require the
presence of the user), and between end systems and the network elements. The
negotiation process continues in exchanging messages until a final decision is made.
In fact, this process may take long time to finish, depending on the resource’s

availability.

The alternative way of exchanging messages, for QoS negotiation. resources
setup and management is to use Intelligent Agents (IA). A work on behalf of users or
other entities to accomplish certain tasks. For example, in the negotiation process
agents are provided with the necessary information that enable them act intelligently
and perform their job without the intervention of users. There are two classes of
agents: static and mobile agents. Static agents accomplish their task, in the host node,
without the need to move to another node, while mobile agents have the ability to
move from one node to another. in order to cooperate with other agents and/or
software to finish their work. In fact. if those types of agents are used effectively in
the network domains. the QoS negotiation and resources setup processes could be
made much easier. scalable. flexible and fast. Following is a short description of the

agent technology.

Pattie Maes. one of the pioneers of agent research. defined agents as
“Autonomous agents are computational systems that inhabit some compiex dynamic
environment. sense and act autonomously in this environment, and by doing so
realize a set of goals or tasks for which they are designed"[MAE95]. The distributed
nature of the Internet has contributed in the addition of mobility to be one of the agent
behaviors. In fact. agents should be able to communicate and cooperate with local and
remote agents and should be able to migrate to remote hosts to operate closer to

physical data stores [FAL98].

Nwana defined mobile agents as “Computational software processes capable of
roaming wide area networks (WANSs) such as the www. interacting with foreign
hosts. gathering information on behalf of its owners and coming *back home" having
performed the duties set by its user™. These duties may range from a flight reservation

to managing a telecommunications network [NWA96]. The idea of a self controlled
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program execution near the data source has been proposed as the next wave to replace
the client-server paradigm as a better, more efficient and flexible mode of
communication [PHA98]. Agents exhibit some properties, which make them a best
candidate for being used in QoS management in computer networks. Those properties

have been defined by [NWA96] that include the following and not limited to:
e Autonomy: The ability to operate without the human intervention.

e Cooperation: The ability to interact with other agents and with humans via some

communication {anguage.

e Learn: The ability to learn as they interact with external environments.

2.5 Related Work

The literature on QoS contains many proposals for fulfilling the requirements of real-
time applications. Most proposals agree that the best way to guarantee QoS is to
provide some sort of resource reservations in the network elements. Resource
reservations could be done immediately or in advance, to reflect human life in
arranging and monitoring their activity schedules. To increase the admission rate of
real-time applications several proposals for improving the routing protocols, to be a
QoS sensitive. have been suggested. The following two sections describe the related

work and the third section discusses this work with respect to our work.

2.5.1 Quality of Service and Resource Reservations

The Tenet suite [BANS4]. developed by Tenet group at the University of California at
Berkeley. is one of the first implemented architectures to support resource
reservations. This protocol suite is capable of transferring real-time streams in packet
switched networks with guaranteed quality. The architecture depends on a family of
developed protocols. The first protocol is the Real-Time Channel Administration
Protocol (RCAP) [BAN9SI1], which provides a connection establishment, resource

reservations and signaling to the other protocol family. The second protocol is the

16



Real-Time Internet Protocol (RTIP) that provides an unreliable, simplex, guaranteed-
performance and in-order packet delivery service. The other family protocols,
Continuous Media Transport Protocol (CMTP) and Real-Time Message Transport
Protocol (RMTP), which run on top of the RTIP and works as transport protocol. An
extension of the Tenet scheme [FER95] is added to allow for advance reservation.
The idea behind this is to partition the network resources into two partitions one for
immediate reservations and the other for advance reservations. They also discuss the
issues of connection establishment and management of the advance reservation

tables.

In [CAM93. CAM94] Campbell et al provide a QoS architecture, which
considers QoS services and mechanisms in different layers of end-to-end transfer
service. The upper layer is a platform for distributed applications combined with
services for QoS configurations. and muitimedia communications. Below this layer is
the orchestration layer which provide inter and intra-flow synchronization. Then the
transport layer. which contains a range of QoS configurable protocols. In their service
contract structure they specify a clause, which allows the user to ask for fast
reservation or forward reservation. However. they state that this service is a marker

for further study and they do not go into detail for this service.

Reinhardt proposes in [REI94] an extension to ST-2 [DEL95] protocol to include
advance reservation. He states an admission control algorithm for advance
reservations and uses a calendar to store already confirmed reservations. He does not

cover scalability and state explosions in the intermediate nodes.

The Heiprojects [VOL96] at IBM'S European Networking Center in Heidelberg
developed a QoS model that provides end-to-end QoS guarantee. The model
considers all resources through which the multimedia stream travels. The model relies
on HeiTs (transport system) for transmitting multimedia streams across the network
and HeiRAT (Resource Administration Technique) for providing a well-defined QoS
for this transport system. The HeiRAT provides admission control, QoS calculation,

resource reservation and resource scheduling.

17



OMEGA [NAH95a] provides an end-to-end QoS architecture for distributed
applications. The main task of the OMEGA architecture is resource reservation and
management of end-to-end resources. Communication is proceeded by a call setup
phase where application requirements, expressed in terms of QoS parameters, are
negotiated QoS guarantees are made at several logical levels. such as between
applications and the network subsystems. applications and the operating systems.
network subsystem and operating system. This establishes customized connections
and results in the allocation of resources appropriate to meet application requirements

and operating svstem/network capabilities.

Wolf et al in [WOL93] explains a model for resource reservation in advance.
They present some issues. which must be resolved in order to enable the system to
make advance reservations. The model is a general overview and does not go into

detail of admission control.

In [SCH97] Schelen and Pink propose an architecture that enable clients make
advance reservations through agents. They show that network resources can be shared

between immediate and advance reservations without being pre-partitioned.

Berson et al [BER98a] give reservation architecture similar to that given by
Schelen and Pink. except that Berson et al assume the existence of an inter-domain

multicast routing protocol. which gives information to construct the distribution trees.

Wischik and Greenberg propose in {[WIS98] an admission control algorithm for
advance reservations. The algorithm is based on the theory of effective bandwidths.
At the start of the reserved flow. if there is overflow in the bandwidth the most recent

advance flow is preempted.

Hafid et al [HAF96] propose a QoS negotiation approach with future reservation.
The client and the server engage in the negotiation process and instead of sending a
reject response to users. when there are no enough resources, they send back a
proposals of degraded QoS at the same time or available future time. They aiso
propose a solution for cost and scalability by encouraging users to use shared

resources.
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2.5.2 Quality of Service Routing

To further enhance the QoS requirement of the multimedia applications, new schemes
for QoS routing have been developed and made feasible for deploying in the Internet.
These schemes rely on finding the best path from the source to the destination that

fulfils the QoS needs of the applications.

Z. Wang et al [WANO96] discuss the complexity of finding paths subject to
multiple constraints, the selection of metrics for QoS routing and present three path

computation algorithms for source routing and hop-by-hop routing.

A. Shaikh et al [SHA98] introduce efficient mechanisms for pre-computing one
or more routes to each destination. based on the most recent link-state information.
Then at the arrival of requests. the suitable path that satisfies the QoS needs is

selected.

G. Apostolopoulos et al [APO99b] describe extensions to the OSPF [MOY98]
protocol to support QoS routes. They focus on the algorithm used to compute QoS

routes and on the necessary modifications to the OSPF to support QoS.

Zhang et al [ZHA97] descnibe series of extensions to OSPF and MOSPF
[MOY94] that can be used to provide QoS routing in conjunction with a resource set-
up protocols. Advertisements indicating the resources available and the resources
used are advertised to the OSPF routing domain and paths are computed based on
topology information. link resource information and the resource requirement of a

particular data flow.

Crawley et al [CRA98] propose a framework for QoS-based routing in the
Internet. The framework is based on extending the current Internet routing model of’

intra-domain and inter-domain routing to support QoS.
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2.5.3 Discussion of Related Work

All the above mentioned work for QoS and resource reservations consider each node
in the path from the receiver to the sender responsible for reserving the requested
resources and maintaining a state for accepted sessions. This would overload the
network elements and degrade their performance, and this would be even worse in
case of advance resource reservations. Schelen et al [SCH97] and Berson et al
[BER98a] suggest using agents or servers in network domains to solve the problem of
scalability and state explosion, but they did not go into details of the architecture of
the agent and how it will be deployed in the network domains. Agent technology
promises to provide better negotiation and network resources management, but none
of the existing QoS architectures provide a complete model, which relies on agents
(static and mobile). to handle the different processes of QoS negotiation. resource
setup. reservation and resource adaptation. None of the architecture discusses the
effects of the user interactions on the reserved resources (changes in reserved
resources and/or changes in sessions time durations), and how to deal with such
interactions. These interactions should not be neglected which mayv introduce

disruptions during the session presentation.

Providing QoS sensitive routing is very useful in enhancing the scalability of
multimedia applications by providing alternative paths. but it is very complex and
may overload the routers. If we introduce advance reservations the task will be much
more difficult and routers will not cope with the new schemes of QoS routing. The
mentioned work in QoS routing suggests enhancing the existing routing protocols for
finding the QoS routes instead of the shortest routes. Therefore. each router is
responsible for calculating the QoS path for each request. or calculating all possible
routes and then finds the path that satisfies the received request. If we add the
immediate and advance resource reservations to the router’s duties, the router will be
very loaded and its service is degraded. In our approach. we propose a QoSRA, which
caiculates the QoS path for each router. The QoSRA handles the routers that belong

to a certain network domain as specified by the OSPF routing protocol.
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Chapter 3

Resource Reservations Architecture

3.1 Introduction

The provision of QoS in the Internet depends on every element in the network and on
the end systems. To make an admission decision for a certain session. we need a
global knowledge of the available resources through which the flow is expected to
travel. If admitted. we still need to monitor the services that are allocated to the
session to confirm that the session is receiving its negotiated QoS values. To do all
this. we suggest an end-to-end QoS architecture. The architecture is based on domain
agencies. which are used to manage resources in network domains. In section 3.2, we
present the complete architecture and discuss its components. Section 3.3. presents
the domain agency in detail and discusses its components. Then we state a

communications protocol for domain agencies.



3.2 Overall Architecture

The architecture, figure 3.1, depicts the necessary components for reserving and
adapting resources in end systems and network elements. The architecture is designed
to perform three different but related phases. The first phase is the negotiation
process. In this phase. the end systems (receivers and senders) negotiate the required
QoS parameters and reservation periods with each other, then the end systems
negotiate the QoS values with the domain agencies in the network domains. The
second phase is the reservation process, where the physical resources in the end
systems and network elements are reserved for the specified time. The last phase is
the adaptation process. In this phase, reserved resources in the end systems and
network elements are adapted to reflect user interactions and link failures. Following
is a description of the components in the architecture. FIPA-OS will be discussed in

chapter 6.
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Figure 3.1: Resource reservations architecture.
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User Interface (UI)

The user invokes his request through a Ul module. The Ul sends a message to an
agent coordinator asking for a presentation agent. Users have many options to state
their requests, to make the negotiation process as flexible as possible. The general

format of the request is as follows:

User_Request (Application Address, Tvpe of Reservation. Starting Time(s).

Time Restriction, [QoS Parameters])

Application Address: Is the location and name of the requested application.

Type of Reservation: Can be either advance or immediate. If advance, the user should
specify Starting Time(s) and Time Restriction. If immediate, those values are set to

Z€ro.

Starting Time(s): The user can specify one start time or multiple starting times for

negotiation flexibility.

Time Restriction: Is concerned with the start time of the session. User can choose
Exact or Relax commands. In Exact. the reservation should be made at the exact times
as stated in the starting times. For example, if the user chooses Exact and set starting
times to 8 and 9. the resources should be reserved at exactly 8 or 9 only. The Relax
option allows the user to state a time interval. The reservation agent can reserve
resources at any time available in this interval. So. if the user chooses Relax and gives

8 and 9 as starting times. resources can be reserved between 8 and 9.

QoS Paramerters: These are application level QoS parameters. such as video color,
frame rate, sound quality, etc. If users do not explicitly specify QoS parameters, the

presentation agents will set the default values (capabilities of the system).
Presentation Agent (PA)

The PA 1s a mobile agent that works on behalf of the user to perform the negotiation

process and monitor any user updates. For every user request, a PA is created (by PA
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coordinator agent) and is maintained during the passive and active periods of the
session. The passive period is the period before the playback of the session, and the
active period is the duration of the session. When the PA receives the user request, it
first consults the admission control unit in the receiver side for available system
resources. Then the PA travels to the sender(s) with the common QoS parameters

(between user QoS and available system resources).
Admission Control (AC)

The AC is applied at both the end systems (receivers and senders) and intermediate
network elements (routers). The admission control should be applied for all resources
that are shared between reservation requests. The resources may include but not
limited to. link bandwidth. memory (buffer space) and CPU processing power.
Therefore. three types of admission tests are needed [NAH935a]; 1) Schedulability test
of shared resources such as CPU schedulability and packet schedulability; 2) Spatial
test for butfer allocation for delay and reliability guarantees: 3) Link bandwidth test
for throughput guarantees. Meanwhile, the AC performs admission test at the
negotiation stage and during the passive and active periods of the session for any

resource updates. The AC is explained in detail in chapter (4).
Resource Reservation Agents (RRA)

For every successfully admitted scenario. the AC initiates an RRA (through the RRA
coordinator agent) and submits to it the negotiated scenario. During the passive and
active periods of the session. the RRA monitors the PA for any changes in the

scenario. and reports them to the RRA in the sender side.
Session Manager (SM)

The SM coordinates the admission of reservation requests at the sender side. It
negotiates with the PAs the user requirements until a final decision is reached. It has
access to the multimedia database server from which it obtains the requested scenario.
Then, it submits the selected scenario together with the start time of the session to the

AC in the sender to perform admission test.
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Resource Reservation Protocol (RSVP)

The resource reservation architecture relies on the RSVP for implementing the
requested QoS. The RSVP should contain as minimum the signaling daemon, packet
classifier, packet scheduler and packet forwarding daemon. It should be installed in

the end systems as well as the routers.
Domain Agency (DA)

In each network domain there is a Domain Agency (DA) that manages domain
resources and establishes QoS paths for sessions that have requested resource
reservations. The DA is located in one of the routers (except the area boarder routers)
in each domain, and has interface to the routing protocol and the signaling process
(RSVP).

The resource reservation architecture requires certain types of messages to
convey the information during the negotiation and the playback processes. Below is a
description of the messages. The messages are extensions to the messages used by the
RSVP protocol [BRA97].

Path Message: This message is generated by the RSVP in the sender and is carried
by the PA to the domain agency in the sender domain. The Parh Message contains the
traffic and time specifications. in addition to other information. After the agency
finishes its job. it forwards the PA to the next domain agency in the way to the

receiver until it gets to the receiver.

Reserve Message: The receiver sends this message after it receives the Path Message.
The message follows the reverse path of the Path Message and carries the
information collected by the PA. The Reserve Message is treated as a reserve

confirmation message.

Start Message: Just before the playback of every session, the domain agency sends a
start message to the RSVP in the routers involved in this session, to set some

parameters in packet classifiers and packet schedulers.



Refresh Message: This message is sent from the receiver to maintain the
reservations. The message is sent at certain time intervals to the domain agencies, and
the agencies are responsible for sending refresh messages to the RSVP in the routers.

Time-out of refresh messages will cause the domain agency to teardown the session.

User Interaction Message: User interactions are explained in chapter 4. The
interactions may include VCR-like buttons and other interactions that may change the
QoS values. The message may be sent during the passive or active state of the
session. If there is any user interaction. the action is first negotiated between the
receiver and the sender. If it is accepted, the user interaction is then forwarded by the
receiver to the domain agencies, to update the reserved resources. The interaction
request may come at a time where all resources are exploited. at this time the best-

effort service can be used.

Session Teardown Message: This message can be initiated by the sender or by the
receiver. It ends a specific session and releases the resources used by this session.

including utility agents.

Figure 3.2, shows an autonomous network that has been divided into domains.
According to the resource reservation architecture. there should be a domain agency
in each domain. The domain agencies are classified into two types. intra-domain
agencies and inter-domain agencies. Intra-domain agencies are used to manage
resources and find QoS paths in the domain while inter-domain agencies are used to
manage resources and find QoS paths in the backbone area. The architecture provides
two services. the best-effort service and the QoS controlled-load service. The best-
effort service is forwarded by the underlying routing protocol. The following sub-

sections describe the three phases of the resource reservation process.
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3.2.1 Negotiation Phase

The negotiation process is divided into two stages. The first is between the receiver
and the sender. and the second is between the end systems and the network. The
reason for this division is that after the receiver and the sender agree on a certain QoS
and start time, the sender sends a Path Message (carried by PA) to the domain agency
in its domain, which starts establishing the routes from the sender to the receiver(s).

Then. the receiver confirms the QoS and start time with the domain agencies.




Receiver-Sender Negotiation:

The negotiation process starts as soon as the user invokes his/her request. The User
Regquest launches a Presentation Agent (PA), which receives the user information, and
then works on behalf of the user to finish the negotiation process. Before the PA goes
to the sender(s) site. it consults the admission control unit in the receiver side to make
sure that the system can handle the user requirements. After accomplishing this step
the PA travels to the sender(s) carrying the information that is common between the
user requirements and the available system resources. When the PA ammives at the
sender side. it negotiates with the sender the requested scenario and the QoS

parameters. The result of the negotiation will be as follows:

PAu = User Requirements M Available System Resources [3.1]
Scenario (Tspec) = [Scenario, (Tspec) | Scenario, (Tspec) < PAjuyf (3.2}
i=1l....n

Where Scenario(Tspec) has the highest QoS parameters.

Scenario(Tspec. Timespec) = [(Scenario(Tspec)+ User start time) | (Scenario(Tspec)
+ User start time) < Available Server Resources

at specified time duration | [3.3]

Equation [3.1] is a result of applying admission control at the receiver side. the
result should satisfy the user requirements in terms of QoS and presentation time, and
otherwise the user is instructed to select other parameters. Then in equation [3.2] the
SM 1n the sender retrieves. from the database. the scenario that has the best traffic
specifications (Tspec) and suites the PA’s requirements. Then in equation [3.3] the
SM submits the selected scenario together with the start time (supplied by the PA) to
the admission control in the sender to admit the new scenario. If the scenano is
accepted. the sender starts negotiating with the network. If the scenario is not

accepted. the sender re-negotiates with the PA altermative QoS parameters and
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starting time. If all alternatives are not accepted the PA returns back carrying a reject
message. Figure 3.3 presents the steps of the negotiation.
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End system-Network Negotiation

After finishing the receiver-sender negotiation, the PA carries the Path Message to
the domain agency in the sender domain. The Path Message contains the session's
traffic specifications TSpec, time specification (TimeSpec) and session addresses.
The Tspec is used by the routing agent and admission control in the Domain Agency
(DA) to prevent over-reservation, and admission failure. The DA establishes a QoS
route (according to the TSpec and TimeSpec) in the domain towards the receiver(s),
and reserves resources temporarily. Then it forwards the P4 to the next DA in the
way to the receiver. If any domain agency cannot support the QoS parameters carried
by the Path Message. the PA negotiates alternative QoS parameters according to the
information it carries. This process continues until the P4 reaches the receiver. At this
time, the receiver RSVP generates a Reserve Message. which carmmes the QoS
parameters supplied by the PA and sends it to the DA in its area. The DA handles the
Reserve Message as a reserve confirmation. and makes the necessary updates in the
reservation state. Then the Reserve Message is forwarded to the next DA towards the
sender and sends confirmation back to the previous DA or receiver. The process is
repeated until the Reserve Message reaches the sender. Figure 3.4 shows the flow of

messages.
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Figure 3.4: End systems-Network negotiations
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3.2.2 Resource Reservation Phase

This phase is concerned with making the actual resource reservations in routers and
end systems. and maintaining them. Each domain agency and end system checks its
reservation state for due sessions. If there are sessions ready to start, the DA sends
messages to the RSVP on routers in its domain that are involved in the session. The
messages set some parameters in packet classifiers and packet schedulers to obtain
the desired QoS. The domain DA is also responsible of maintaining the reserved
resources by sending refresh messages at specified time intervals, see figure 3.5. In
the end systems, the RRA maintains the reservation states. and sets parameters in its
node to provide the due sessions with its requested QoS. It also sends a refresh
messages to the DA. As shown in the figure, there is no direct contact between the

end systems and the routers.

Domasn Border Domain Border
= = S D S
Server f I .\‘ E / I \‘ E f i '\' Multimedia PC
edSem | SRS S S A5 &5 | A5 A5 & EdSmen
Domain Routers . Domain Routers ! Domain Routers

Figure 3.5: Messages tflow

3.2.3 Adaptation Phase

Adaptation is concemed with adjusting reserved resources according to user
interactions. The user can interactively participate in the presentation of the
multimedia application, where he/she can use VCR like control buttons, or link to
other scenarios from the current scenario; the user may also make changes to reserved

resources not yet started. These interactions will certainly introduce a change in the
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reserved resources, either in QoS parameters or in duration. Any user interaction is
received by the PA that makes the necessary calculations to find the change. Then the
PA consults the admission control. If the change is accepted, the PA sends the user
interaction request to the receiver RRA, which sends the request to the sender RRA to
admit the user interaction request. This step is necessary to check first, if the sender
can handle the user interaction request. The sender RRA responds to the receiver
RRA by either accept or reject. If accepted the receiver RRA informs the domain
agencies with the change for adapting the reserved resources. If one or more network

domains reject the interaction request, a best effort service could be used.

3.3 Domain Agency

The best way to manage network resources and provide better QoS in the rapidly
growing [nternet is to divide the large network domains into smaller manageable
network domains. [n previous section we have developed end-to-end resource
reservations architecture, which provides QoS guarantee for multimedia applications.
The architecture is based on domain agencies for managing domain resources and
updating them. In this section. we state a framework for domain agencies. and how

they work in OSPF contigured networks.

3.3.1 OSPF Domains

The Open Shortest Path First (OSPF) routing protocol [MOY98] is an interior
gateway protocol where 1t distributes routing information between routers belonging
to a certain area. Each router maintains an identical database describing the area's
topology. This database is referred to as the link-state database. OSPF allows
collection of contiguous networks and hosts in an Autonomous System (AS) to be
grouped together. Such a group, together with the routers having interfaces to any of
the included networks is called an area. Each OSPF area is identified by a 32-bit Area

ID and runs a separate copy of the basic link-state routing algorithm.
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Routing in the AS takes place on two levels, depending on whether the source
and destination of a packet reside in the same area (intra-area routing) or different

areas (inter-area routing). The OSPF has two useful properties:

o The link-state database gives a complete description of the network; the routers and

the network segments and how they are interconnected.

¢ Since all routers have the same database, any router can calculate the routing table

of any other router in its area;

The above two properties have been taken into consideration in designing the
domain agency. From the link-state database. the domain agency knows all links and
routers in the domain and then manages them locally. The design of QoS routing
agent is based on the second property by finding the path from any source to any

destination in the domain. Figure 3.6, presents an AS that has been divided into areas.
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Figure 3.6: OSPF areas.
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3.3.2 Domain Agency Architecture

The resource reservations architecture takes advantage of the OSPF domains (areas)
and introduces a Domain Agency (DA) in each domain, where it manages all
reservations in the domain. The DA receives resource reservation requests from end
systems and agencies in other domains. This architecture has been adopted for several
reasons. The first reason is to provide better advance and immediate resource
reservations scalability. In previous resource reservation architectures, every network
element is responsible for reserving resources and maintaining them. Due to the high
volume of resource reservations, this would overload the routers and affect their
performance. The problem is even worse when advance reservations are permitted for
users. which encourage many users to reserve resources in advance. Therefore, by
this architecture the agency will take care of every resource reservations and maintain
their states. The other reason for using this architecture is the QoS route calculations.
Sessions that need specific QoS send their requests to the domain agency. which
calculates the best-path in the domain and reserves the necessary resources in this
path. The best-effort traffic is forwarded by the underlving routing protocol. This
relieves routers from finding the QoS routes on demand. as other proposals suggest.
Other reason for using domain agencies is that the domain agency takes care of any
problems in the domain and hides them from the end svstems. For example. route
failure. the domain agency takes care of it without informing the end systems. The
agency takes care of refresh messages as well. which allow us to control the flow of
the refresh messages from end systems to the domain agencies and from the domain
agencies to the routers within the domain. Figure 3.7 shows the components of the
domain agency. The agency should reside in any router except the area border

routers. which are attached to multiple domains.

The introduction of domain agencies in an AS is not an easy task. Areas in OSPF
protocol are dvnamic, where system administrators increase or decrease the number
of areas in an AS as needed. Therefore. the domain agencies should adapt to this
configuration change and react quickly. The following sub-sections describe in some

detail the components of the domain agency.
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Figure 3.7: Domain agency architecture

3.3.3 Domain Resource Reservation Agent

The Domain Resource Reservation Agent (DRRA) serves as a coordinator in the
domain agency. It receives reservation requests. and then controls the operation of the
other agents in the domain. Upon receiving the reservation request. the DRRA
submits the TimeSpec of the request to the domain admission control agent that
calculates the available link resources and returns them back to the DRRA. Then the
DRRA submits the Tspec together with the available link resources to the QoS
routing agent to find the best path. The DRRA is also responsible for updating the
reservation database. This update can be either adding accepted sessions to the
database or removing finished sessions. The DRRA forwards user interaction
messages to the domain admission control. for admission and then adapts the reserved
resources according to these interactions. The DRRA has interface to the RSVP,
through which it sends the reservation messages, to set parameters in packet

classifiers and schedulers, and refresh messages. In addition to this, the DRRA
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monitors the configuration change of the domain and sends new domain agencies to

new domains.

3.3.4 Quality of Service Routing Agent

The Quality of Service Routing Agent (QoSRA) is introduced to find the best-path
that satisfies the QoS needs of the multimedia applications. The QoSRA runs a
modified Dijkstra algorithm based on domain topology obtained from the OSPF. and
the available link resources obtained from the DRRA. The QoSRA is based on the
OSPF property. which enables any router to calculate the routing table of any other
router. Therefore. all resource reservation requests are sent to the domain agency.
which instructs the QoSRA to construct the QoS path. In fact. this is a new departure
from other proposals that suggest enhancing the existing routing protocols to support
QoS. In those proposals the calculation is done by every router, which overloads the
routers and makes the advance reservations impractical. because of scalability

problem.

Two QoS routing calculation approaches are considered in the literature so far
[APQ99a]. The first is the on-demand calculation. In this approach the QoS path is
calculated at the arrival of every request (requests that demand constraint QoS), this
calculation ts done by every router receives the request. This approach is not scalable
for the fast growing Internet and multimedia applications. This situation is even
worse if the QoS requests include advance reservations. The second approach is to
pre-compute paths to all destinations for each node. Then at the arrival of every
request. the path that satisfies the requested QoS is selected to forward the session’s
packets. This approach has many disadvantages. The QoS paths should be frequently
pre-computed to reflect the current available resources. For every arrived request, the
QoS paths need to be searched for the suitable route. which adds extra processing.
Due to the high demand on QoS. the pre-computed paths are out dated and don't

reflect the currently existing resources.

36



3.3.5 Domain Admission Control Agent

The Domain Admission Control Agent (DACA) has two functions. The first one is to
find the available link resources of all links in the domain at specified time intervals
and submit this information to the DRRA (to be used by the QoSRA). The second
function is to receive user interaction requests from the DRRA and apply admission

control algorithm.

The idea of monitoring the available link capacities is as follows. At the
beginning the QoS routing agent receives the domain topology from the OSPF and
submits it to the DRRA. The DRRA inquiries about each link capacity and submits
the complete information to the reservations state agent. At each resource reservation
request. the admission control finds the available link resources, for the specified time
intervals. then gives this information to the DRRA. The QoSRA constructs the best-
path for this request and submits the resulted path to the DRRA. Then the DRRA
reserves the resources temporarily until it receives a confirmation message from the

receiver.

3.3.6 Reservations State Agent

The Reservations State Agent (RSA) stores all accepted reservations states. For better
performance. the RSA is divided into two parts. The first part keeps track of links
reservations states, while the second part keeps track of aggregated links reservations
states. Figure 3.8. shows a snapshot of resource reservations made in a single link.
The numbers indicate session's id. while a indicates a new session asking for
admission. As we can see in the figure the duration as well as the bandwidth of each
session is clearly defined. Therefore, if we aggregate the reservations states of every
link. we get 2 summary database as described in figure 3.9. This summary database
enables the domain admission control agent to get quick values of the available link

resources.

The RSA penodically checks the reservation database for due sessions, if there

are any sessions ready to start, it sends the session’s traffic specification to the
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DRRA. which forwards them to the RSVP in the routérs. The RSVP then set some
parameters in the packet classifier and packet scheduler to achieve the requested QoS.
The time of the playback of the scenario is controlled by the RSA, where it sends a
start and finish messages to the DRRA.

""Tlme

Figure 3.8: Snapshot of reservation state of a single link
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Figure 3.9: Dimensions of the reservation database

3.4 Domain Agency Communications Protocol

In previous sections, we stated how domain agencies receive and send QoS
management messages. [n this section we state a communications protocol that enable
domain agencies exchange messages about domain changes and policies. In fact, as

the OSPF domains change, by the network administrators, the domain agencies
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should react quickly to these changes in order not to loose any information and to
adapt to the new configuration. The following sub-sections describe the

communications protocol.

3.4.1 Interactions between Domain Agencies

Assume that there is one Autonomous System (AS) and one DA that manages the
whole AS resources. As soon as the AS is split into areas. the QoSRA will be aware
of this separation from the OSPF. The QoSRA informs the DRRA with the new AS
configuration. From this configuration, the DRRA knows the addresses and the
number of the new areas. Then it duplicates and sends one DA to each new area
including the backbone (the backbone is an area with address 0.0.0.0). Each DA

resides in a router other than the area border router.

After each DA settles in its domain. it communicates back with the parent DA to
get its information. The DRRA in the child DA gets the topology data from the
QoSRA. and sends this information to the DRRA in the parent DA. The DRRA in the
parent DA gets the information related to each child DA from the RSA, according to
topology database of each child DA. and then sends it back to its child DA. At the
same time the parent DA constructs addresses table for the new DAs. and sends this
table to every DA. This step is important to enable the DAs to communicate with
each other. Figure 3.10, shows the parent DA in the backbone and other DAs

communicate with it to fetch their information.
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Figure 3.10: Interactions between domain agencies and the parent DA

There are five packets types that are used to convey the information between

domain agencies.

Database description packet: This packet is sent by the child DA to the parent DA. It

carries the topology database of the child’s domain.

Reservations State: For each child DA, the parent DA collects the reservations states
from the RSA and sends them back to the child DA. The message also contains the

addresses table of the other DAs.

Policy and Service Agreement: Domain agencies need to cooperate with each other
to setup policies that each DA should follow. DA could also send a request to another

DA to reserve a certain path with certain bandwidth.

Hello Packer: Every DA should send Hello packets to its neighboring DAs. to
maintain relationships and check reachability. The DAs should also send Hello

packets to end systems. to identify themselves and maintain reachability.

Acknowledgment Packet: This packet is sent between the parent DA and the child

DA. It has different interpretation as shown in figure 3.11.
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Figure 3.11: Parent DA and child DA setup

3.4.2 Status of Current (Immediate and Advance)

Reservations

The domain partitioning and the exchange of configuration messages should not
make any disruptions to the currently running sessions, and the current reservations
should be valid for the new configuration as well. otherwise the architecture would be
useless. Figure 3.12 [MOY98], presents an AS before and after partition. In figure
3.12.a all network elements belong to the same area (AS). In this configuration, only
one DA manages the AS resources. If this AS is split into several areas as shown in
figure 3.12.b. the DA will react quickly and dispatches DA for each new area. and
provide them with the reservations states according to their new topology. All borders
that have been introduced to create areas are virtual. the location and interfaces of the
network elements have not been changed. Therefore. the current resource reservations
will also be applicable for the new configuration. and the active sessions will not be

affected.
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Figure 3.12: OSPF AS domain

3.5 Summary

Resource reservation is a very effective way of guaranteeing QoS. Multimedia
applications can state their QoS demands and negotiate with the network to set aside
some resources for handling their data flows. To facilitate the negotiation. we present
an architecture, which makes an end-to-end reservation. The architecture also handles
user interactions. and updates the reserved resources with any change. To handle the
scalability problem and to isolate the receivers and senders form network problems, a
domain agency is assigned to each network domain. and makes it responsible for
making resource reservations in its area and establishes a QoS route for transferring

the data.

Network domains provide a better chance for network protocol developers to
scale their protocols and get control of the resources in the domain. The OSPF routing

protocol has the advantage of dividing an autonomous system into manageable areas,
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where each node in the domain knows only the nodes in its domain. We have
considered this advantage in designing our resource reservation architecture and
assigned a domain agency to every domain. In this chapter, we have provided a
framework. which enable domain agencies to react to area splitting and communicate

with each other and the end systems.
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Chapter 4

Admission Control

4.1 Introduction

Admission control is an essential component in the advance and immediate resource
reservation process and QoS guarantee. Applying admission control assures that the
network resources are maintained at certain level that enable real-time traffic to
perform well in the network. Many admission control schemes have been suggested
so far. Admission control schemes belong to two broad categories. paramecter-based
and measurement-based algorithms. Admission is applied to requests that ask for
immediate and future resources. During the playback of the session or the ime before
the start of the advance sessions the user may invoke some interactions. which may
change the state of the reserved resources. Therefore. admission control is also
applied to user interactions to ensure that the admitted sessions will not be affected by
these interactions. This chapter discusses the admission control aigorithms and
introduces the algorithm that fulfills the resource reservation architecture needs. Then

we present the extensions to the selected algorithm that enable it to handle user
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interactions. The algorithm is then implemented and tested in two scenarios, one

without user interactions and the other with user interactions.

4.2 Admission Control Algorithms Overview

In this section, we discuss four admission control schemes [JAM97], one is
parameter-based and three are measurement-based. Parameter-based schemes
compute the amount of network resources required to support a set of flows given a
priori flow characteristics. The measurement-based schemes. relies on the

measurement of actual traffic load in making admission control decisions.

4.2.1 Simple Sum Parameter-based Algorithm

This is the simplest admission control algorithm and is widely implemented in routers
and switches. The policy of the algorithm is that the bandwidth of the new flow when
added to the total of the reserved bandwidth should not exceed the link bandwidth.
Therefore, if v is the sum of the reserved bandwidth, 5% the requested bandwidth of
new flow a and g is the link bandwidth (it may be the total link capacity or the

capacity assigned for real-time traffic). The algorithm will be as follows:

v+b® s u

4.2.2 Measured Sum Measurement-based Algorithm

This algorithm is based on the current state of the admitted flows. where it adds the
bandwidth of the request to the measured sum of the existing reserved bandwidth.

Therefore, the algorithm admits a new flow if the following equation holds:
v+b% < fu

v is the measured bandwidth of the existing traffic. Because of bursty traffic and

delay variations. the measurement-based approach may fail at certain times, so the
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factor S has been introduced to ensure that the total reserved bandwidth does not

exceed certain level.

4.2.3 Acceptance Region Measurement-based Algorithm

The algorithm is proposed by [GIB95], where it computes the acceptance region that
maximizes the reward of utilization against the penalty of packet loss. The acceptance

region for a specific set of flow types is calculated based on the following parameters:
e Link bandwidth
e Switch buffer space
e Flow’s token bucket filter parameters
e Flow’s burstness
e Desired probability of actual load exceeding bound
The measurement-based version of this algorithm ensures that the measured

instantaneous load plus the peak rate of a new tlow is below the acceptance region.

4.2.4 Equivalent Capacity Measurement-based Algorithm

According to [GUE91] the equivalent capacity of a class of traffic is defined as the
bandwidth C(g) such that the stationary arrival rate for the class exceeds C(g) with
probability at most €. The algorithm proceeds as follows: a new flow is admitted to a
class if and only if equivalent capacity for the class (new and existing tlows) is less
than the allocated bandwidth for that class. The reader is referred to [FLO96] for full

details of the algonthm.
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4.3 Discussion of Admission Control Algorithms

In this section, we discuss the properties of the admission control algorithm and then
choose the algorithm that best suits the advance and immediate resource reservation

architecture. Following are the properties:
e Provide session level, not packet level, admission control

e The algorithm should be able to handle immediate and advance resource

reservations

e The algorithm should be able to apply admission for active and passive user

interactions
o Should be able to look-ahead in time to admit immediate flows
e Ensure that service commitments are not violated

e Provide moderate to high network utilization. while still meeting service

commitments

e Provide low implementation and operational cost

The first property can be handled by both parameter-based and measurement-
based algorithms. In fact admission control at the session level simplifies the
implementation and computational costs. The second. third and fourth properties can
only be implemented by parameter-based schemes. Fifth property can be handled by

parameter-based measurement-based.

Sugih Jamin [JAM96] studied the algorithms, mentioned in section 4.2. and
provided simulation results for the last two points. The simple sum gives the lowest
utilization, but he stated that the simple sum algorithm is the only one that can be

implemented easily, given the current hardware technology.



Therefore, we conclude that the simple sum parameter-based algorithm is the
best candidate to be used in the resource reservation architecture. It is still possible to
use a combination of parameter-based and measurement-based, for simplicity we will

use the parameter-based algorithm only.

4.4 Effects of Booking Ahead Shared Resources

In this section. we present the effects of booking ahead resources on rejection
(blocking) probability. The study was done by Wischik at el [WIS98], where they

conducted some simulation experiments to monitor those effects.

[n these experiments the authors tested two models of advance requests. The first
is Poisson process of mean .9 and the second is a clumped process in which a Poisson
number of calls (of mean .43) arrive every .5 time units. The link capacity is 5.5 and
all requests have bandwidth 1. the advance request holding times are Uniform(.8.
1.2). The immediate requests arrive as a Poisson process with mean 2.9 and holding
times are exponentially distributed with mean 2.7. The result of this experiment 1s

shown in figure 4.1, adopted from [WIS98].
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Figure 4.1: Effects of booking ahead on rejection probability
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The figure shows that the rejection probability decreases as the book-ahead time
increases. The clumped arrivals are used to enforce many booking requests at the
same time. There is little difference between the two models. In both source models
the rejection probability can be eliminated if the book-ahead time is too far (5 time
units as shown in the figure). The authors defined the time at which the rejection

probability falls dramatically as a critical book-ahead time.

4.5 Admission Control For Resource

Reservation Architecture

This section presents the admission control algorithm used in the resource reservation
architecture. The algorithm not only admits flows, but it also maintains the reserved
resources of the active sessions to their negotiated values. Figure 4.2 depicts a
snapshot of a bandwidth-time reservation state of admitted immediate and advance
flows. The numbers in the figure represent the active and passive sessions. while a
represents a new session asking for admission. The look-ahead time is optional and is
usually tuned to give an acceptable rejection and preemption probabilities of the
immediate sessions. As mentioned previously in this chapter the admission control
algorithm 1s based on a simple sum parameter-based scheme. So we follow this in the
admission of immediate and advance requests and provide (based on this scheme) a

set of equations for admitting user interactions.

Time

Figure 4.2: Bandwidth-time resource reservations
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4.5.1 Immediate Reservations

Immediate reservation is defined as the process of reserving resources for using at the
time of the request. This type of reservation is preferred by users who do not have
fixed schedules or users who accept service degradation or service interruption during
session’s playback. and also willing to repeat the reservation requests until they get
the service. For each immediate reservation request, the admission control algorithm
adds, for each link. the aggregated immediate flows, the active advance flows and the
passive advance flows during the look-ahead time. The maximum value is subtracted
from the link capacity. The result is the available link capacity. Therefore, the

algorithm is as follows:

Li=u-Max+A4rn) now <t <look-ahead

L, = Available capacity of link 1

p = Link capacity (bandwidth)

[ =Aggregate bandwidth of immediate flows

A (t) = Aggregate bandwidth of advance flows.

Look-ahead = Time used for immediate admission.

The L; values for all links in the network domain are then used by the QoS
routing algorithm to find the path that can handle the reservation request. The request
1s rejected if the bottleneck bandwidth (the lowest bandwidth in the calculated path) is
smaller than the requested bandwidth. From this algorithm the immediate request is
guaranteed service in the look-ahead time period. and then the request proceeds if
there are still available resources. otherwise it is preempted to give priority to advance

sesstons. [n this case immediate session may proceed with best-effort service.



4.5.2 Advance Reservations

Advance reservation is defined as the process of reserving resources for using after a
specific time in the future. This type reflects the nature of human life, where people
may prefer to schedule events according to their time availability. So they can instruct
their agents to schedule some events to be seen later. This is useful if there are many
people involved in a session (video conferencing). For each new request. the
algorithm calculates, for each link, the maximum value of the aggregated advance
reservation, from the start to the end of the new flow and subtracts this value from the

link capacity. Therefore, the algorithm for admitting advance requests is as follows:

L =u-Max(d (1)) L, <Lt

The QoS routing algorithm tinds the best path according to the value of Z,. The
request is rejected if the bottleneck value does not satisfy the reservation request.
According to this algorithm the advance reservation requests are guaranteed service
during the playback of the session. This in fact comes at the cost of immediate
sessions, where at the start of every advance session the admission control algorithm
recalculates the reserved bandwidth. If it is greater than the total link capacity, one or
more immediate sessions are preempted. To avoid abuse of reserving resources, and
differentiate between immediate and advance reservation requests, some policies have
to be enforced. For example, the start of the advance reservation (Book-ahead time)
should be selected to give chance to immediate requests. also the book-ahead value

should not be too far. to limit the reservation state.

4.5.3 User Interaction

User interactions are operations on admitted flows. To process user interactions in
light of system resources. we need to translate user interactions into parameters
known to system resources and associated control process. Therefore, we need to find

all possibilities (with respect to resource reservations) that might happen due to these
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interactions. Table 4.1, summarizes all these possibilities, and states those that need

admission control. The interactions in the table are based on four primitive actions:
e Inc_Dur = Increase duration

e Dec_Dur = Decrease duration

e [nc_Bw = Increase bandwidth

e Dec_Bw = Decrease bandwidth

Inc Dur | Dec_Dur | Inc_ Bw | Dec_Bw Action AC
0 0 0 0 Terminate No AC
0 | 0 i 0 1 Dec_Bw No AC
o . o | 1 | o Inc_Bw AC
0 | 1 i 0 0 Dec_Dur No AC
1 0 0 ' 0 Inc_Dur I AC |
L o0 | o 1 Inc_Dur and Dec_Bw AC
1 '! 0 | 1 0 Inc_Dur and Inc_Bw AC |
0 : 1 i 0 1 Dec_Dur and Dec_Bw No AC
0 1 T | 0 | DeDurandincBw | AC

Table 4.1: User interactions

User interaction requests that do not need admission control should not be
rejected. These requests will free some resources. which are useful in admitting
immediate requests. or in admitting advance requests. if the user interaction is for
sessions that have not started vet. The other thing to be considered in user interactions
is the time the interaction request is invoked. The interaction request may be invoked

at the following times.
e During the passive period of the advance session:

e During the active period of the immediate and advance sessions.



If the interaction request is for passive sessions, the admission algorithm is
applied as if it is a new advance reservation request. If the interaction request is for
active sessions. the time of the interaction is further divided into two types; 1)
interaction requests for immediate action and 2) interaction requests for later time
during the playback of the session. The following are the admission control equations
for user interactions that need admission control, illustrated with the bandwidth-time

resource reservation snapshot.
Inc_Bw

If the increase starts from the time of the request:

u2 Max [(N® =+ 4 (now)), (N* +41))] now <t <t,

N® = The increase in bandwidth for flow x

Time

Figure 4.3: Increase bandwidth immediately

If the increase is for later time in the active session

u2>Max (N* +4() 1<t <t,

t, = Start of the action



now L Look-ahead L

Time

Figure 4.4: Increase bandwidth after some time

In both cases. the increase in the bandwidth do not affect the admitted advance
reservations. but it definitely affects (increases the preemption probability) the
admitted immediate reservations. Therefore. to alleviate this problem. certain policies
should be enforced on user interactions in order not to abuse the resources and

severely increase the preemption probability of the immediate reservations.

Inc_Dur

u2Max(b™ -4 oSt Sty

b™ = Session’s reserved bandwidth
v = The increased time.
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Figure 4.5: Increase duration
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This interaction takes advantage of the gaps between the advance reservations,
which increases the probability of accepting this type of requests. But it increases the

rejection probability of immediate requests.

Inc_Dur and Dec_Bw

We assume that the Inc_Dur and Dec_Bw happen at the same time.

u2Max ((b™ - N)+ 4 (1)) LSt Sty

Time

Figure 4.6: Increase duration and decrease bandwidth

This is like a new request with new bandwidth value. In fact this is a short-term

advance resource reservation. It still affects the rejection and preemption probabilities

of immediate requests.

Inc_Dur and Inc_Bw:
[f the increase start from the time of the request
u2Max [(N*+ [+ 4 (now)). (N"+~ 4 (1))] now <t <t,

And
u2>Max (b ~ N©) + 4(1) LSt <ley
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Figure 4.7: Increase duration and increase bandwidth immediately

If the increase is for later ume in the active session:

u2Max (N - 4()) L<t<t
And
u2Max (b™ - N7) ~4)) oSt Slpey
Bandwidth

Time

Figure 4.8: Increase duration and increase bandwidth after some time

This is the most aggressive user request. Therefore. it should undergo certain

policies to limit its effects on immediate sessions.



Dec_Dur and Inc_Bw

If the increase start from the time of the request:
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Figure 4.9: Decrease duration and increase bandwidth immediately

[f the increase is for later time in the active session:
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Figure 4.10: Decrease duration and increase bandwidth after some time



This is the same as the increase bandwidth request, but it has better chance to be

accepted by applying admission control in shorter period.

4.6 Admission Control Simulation

QOur simulation aim to show the effects of user interactions on admitted immediate
and advance flows, and on the total utilization of the link. We have done simulation
on scenarios with immediate and advance reservations only, and then introduced user

interactions to these scenarios.

The simulated topology is a bottleneck link, which consists of three sources; one
for sending advance reservations, one for sending immediate reservations and the
other for sending user interactions. The advance and immediate sources are connected
to the admission control module through a queue. The user interactions source
receives some admitted advance flows from the admission control module, and then
applies user interactions to the received flows, then sends them back to the admission

control.

4.6.1 Simulation Parameter Choices

There are general parameters for the operation of the overall model. and specific

parameters tor each source.

e The duration of the requests is exponentially distributed with a mean of 500
simulation seconds:

e The resources requested are uniformly distributed with a mean of 3 resource units;

e The inter-arrival rate is exponentially distributed with a mean of 11.76:

¢ Book-ahead ume is exponentially distributed with a mean of 20000;

e Minimum booking time is equal to 1000;

e Maximum booking time is equal to 200000.



We suggest some policies on user interactions, in order not to abuse the system

resources. These policies are:

e The duration of the flow on which user can apply interactions. In our simulations
we choose this duration to be above the average of admitted advance requests.
e The ume after which the user can start sending the interactions. We choose this time

to be above the middle of the average duration.

The total static link capacity is 150, and the simulation time is 2 x 10° simulation
seconds. The last parameter is the Look-ahead time, which is varying during the
simulation; the values used are 0, 250, 500 and 1000. From the above parameters. we
can calculate the average offered load produced by the immediate and advance
sources. According to the Little’s formula. which states that "for systems that reach
steady state. the average number of customers in a svstem is equal to the product of

the average arrival rate and the average time spent in the system”.

Average artival rate x Average duration x Average resources 4.1
Average Offered load = [4.1]

Total link capacity

Therefore. by choosing the average arrival rate of 11.76. the average offered load

for immediate and advance sources is 170%.

4.6.2 Simulation Results

Several experiments were conducted to monitor the following performance measures:

e Rejection probability: Used for monitoring the rejection probability of immediate,

advance and user interaction requests;



e Utilization: To check the overall utilization of the link capacity:

o Advance Duration: To check the duration of the admitted advance flows before and

after user interactions;

e Preemption probability: To monitor the preemption probability of the admitted

immediate flows.

Simulation without User Interactions

Table 4.2, shows the results without user interactions. The maximum link capacity is
available to the advance requests. With 85% offered load we get very low rejection
probability. As ume elapses we get a steady value, which allow us to control the

rejection probability by varying the offered load.

For immediate requests. the rejection probability increases as we increase the
look-ahead time. At zero look-ahead time the rejection probability is at its minimum
value. The reason for this is that the admission control algorithm accounts only for
currently active flows. By increasing the look-ahead time more advance flows are
included in the admission control algorithm. The offered load for immediate
reservation is also 85%. Therefore, the total offered load is 170%. which explains the

high rejection probability of immediate requests.

The advance reservation requests have higher priority to acquire resources than
immediate requests. So. at the start of every admitted advance flow, the total used
resources is calculated, if it exceeds the total link capacity, one or more admirtted
immediate flows are preempted. The preemption probability can be changed by
changing the look-ahead time. At zero look-ahead, more immediate flows are
admitted. which results in high preemption probability. [n fact. the look-ahead time is
a key factor for choosing the rejection and preemption probability for immediate
requests. The value of look-ahead time should be chosen to get optimum values of

preemption and rejection probability.
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Look-ahead Time

0 | 250 | 500 | 1000
Advance Rej. Prob. 071 .07 | .07 .07
Immediate Rej. Prob. 42 75 | .78 .83
Preemption Prob. 54| .13 .06 .02

Table 4.2: Simulation results without user interactions

Figure 4.11, shows the duration of admitted advance flows. The duration is
centered at the average duration of the requests. Requests with larger duration have

higher rejection probability; this encourages users to apply for moderate duration

sessions.

Finally. the total utilization of the active flows is quite high as shown in figure
4.12. For zero look-ahead time, the utilization may drop up to 0.7, but it increases as
new requests are coming. As we increase the look-ahead time more immediate
requests are rejected. which results in decreasing the utilization. sometimes it drops to
0.6. The reason for the sudden drop in utilization is that admitted advance

reservations introduces fragmentation in time. new flows may not fit into these

fragments.

Advance Neratien

i 1800)

T s &
tuma ¢ smed (5les06)

Figure 4.11: Admitted advance duration
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Figure 4.12: Utilization

Simulation With user interactions

Table 4.3. shows the simulation results. The advance rejection probability is not
affected. because the reservation start time is much more than the average duration.
For immediate requests. we can notice a slight decrease in rejection probability; this
Is because some user interactions free some resources. while others increase the

reserved resources.

The preemption probability decreases slightly at zero to 300 look-ahead times,
then it increases as we increase the look-ahead time. The reason for this is that. in our
experiments we only accept user interactions for duration above 600, and users start
sending interactions above the middle of this duration 300. Therefore, the more
interactions the users send the more preemption we get. The duration of admitted
advance flows increase due to user requests for increasing the duration of active
flows, figure 4.13. The utilization as shown in figure 4.14, increases from zero to 300

look-ahead times, and then it decreases as we increase the look-ahead time. This
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change in utlization forces us to put some regulations on user interactions in order

not to abuse the resources and waste them.

We performed several experiments for user interactions, and we came up with the
results shown in table 4.3. The lowest rejection probability we got is for Inc_Dur and
Dec_Bw requests, while the highest rejection probability is for Inc_Bw requests. User
interaction requests come when the resources have already been reserved by
immediate and advance requests. So, user requests for increasing the bandwidth of
admutted flows are more prone of being rejected. Requests for increasing the duration
have less rejection probability than increasing the bandwidth, because fragmentation
in time produced by admitted advance flows gives more chance for increasing

duration requests. Generally the rejection probability for user interactions is low.

Look-ahead Time

0 250 | 500 | 1000

l Advance Rej. Prob. .07 07 .07 .07
Immediate Re). Prob. A1 72 .76 .80
Preemption Prob. .52 21 065 | 045
Inc_Bw Rej. Prob JA70 v 170 | (170 | (170
Inc_Dur Rej Prob. A5 IIS | LIS} LI5S
[nc_Dur and Dec_Bw Rej. Prob. .06 .06 .06 .06
Inc_Dur and Inc_Bw Rej. Prob. 65 | 165 | .165 | (165
Dec_Dur and Inc_Bw Rej. Prob. 085 | .085 | .085 | .085

Table 4.3: Stimulation results with user interactions
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Figure 4.14: Unlization with user interactions
4.7 Summary

Resource reservation and QoS guarantee are usually associated with admission
control. Admission control algorithms are available in different schemes under two
classes. parameter-based and measurement-based. In this chapter we stated that
parameter-based schemes is best suited for immediate and advance reservation
architecture with user interactions. The simulation tests should promising results for
user interactions. which promote the deplovment of interactive multimedia

applications.



Chapter S

Quality of Service Path Selection

5.1 Introduction

Associating QoS routing with resource reservations is very important in achieving a
better scalability for multimedia applications in the Internet. In chapter 3 we have
introduced architecture for domain agency. which manages domain resources and
maintains them. The domain agency contains a QoS routing agent that is used to
construct a QoS path that accommodates the requested resources. In this chapter. we
present an algorithm for QoS routing agent. We introduce a path calculation
algonthm that best suits the immediate and advance resource reservation architecture.
This algorithm is simulated and compared with other existing QoS routing
algonthms. We also present a simulation model. which has been implemented to

monitor the operation of the QoS routing agent.
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5.2 Path Selection Schemes

Selecting a QoS path, in network domains, depends solely on the flow’s QoS
requirements and the state of the resources in the network domain. The flow is
assigned a certain path if and only if the available resources can handle the flow’s
QoS. This section discusses several path selection algorithms in light of the following

metrics.

e Link bandwidth: The algorithm finds a feasible path that accommodates the
requested bandwidth.

e  Hop-count: The feasible path shouid have the least-cost (least hop-count). This will

minimize the amount of consumed resources.

In addition to these metrics, the path selection algorithm may deploy some
policies that regulate the use of resources, and this applies to advance and immediate

requests.

Meanwhile. the real-time applications may require more QoS guarantees other
than the bandwidth and the hop-count (cost). those guarantees may include delay,
delay jitter and loss probability. But Wang et al [WAN96] proofed that any two or
more of delay. delay jitter, cost and loss probability in any combination as metrics are
NP-Complete [GAR79]. The only feasible combination are bandwidth and one of
those metrics. The delay metrics consists of two types of delays: queuing delay and
propagation delay. The queuing delay is associated with the link bandwidth, while the
propagation delay is determined by the hop-count. Therefore. the bandwidth and the
hop-count constitute the most important metrics in determining the QoS path.

According to these metrics we present three path selection criterions.
Shortest-widest path

The shortest-widest path, is the path between the source and the destination that has
the maximum bottleneck bandwidth and minimum number of hops [WAN96].

Therefore, if the algorithm searches multiple paths to the destination, the selected
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path is the one that has the maximum bottleneck bandwidth that satisfies the
requested bandwidth. To define this in mathematical notations, assume that a path p =
(i, j. k. ..... 1l m), where i, j, k, ..., |, and m are nodes of the path. The bottleneck
bandwidth d(p) is the min/[b(i, j). b(j, k). .... . b(l, m})], and this bandwidth should be
the max/dip,). d(p:). d(ps). .... . d(D.)].

Shortest-Eliminated path

This criterion [WANO96] operates by first eliminating all links that has a bandwidth

less than the requested bandwidth and then find the shortest path to the destination.
Shortest-Narrowest path

We have proposed this criterion to serve certain needs of the resource reservation
architecture. The detail of this criterion is explained later in this chapter. The scheme
is opposite to shortest-widest path, where instead of finding the widest bottleneck
bandwidth of all possible paths from the source to the destination we find the
narrowest bottleneck bandwidth that satisfies the requested bandwidth. Consequently.
if the algorithm searches multiple paths to the destination. the selected path is the one
that has the minimum bottleneck bandwidth that sauisfies the requested bandwidth.
So. The bottleneck bandwidth dfp) is the min/b(i. j). b(j. k). .... . b(l. mj]. and this
bandwidth should be the minfd(p,), d(p-). d(p;). ..... d(p.)].

QoS routing algorithms are classified in terms of the network state they are using
and the time of the calculation. The state may be a global state (all nodes in the
network domain) that lead to a source routing, or partial state (the source node, the
neighbors and the destination) and lead to a distributed routing. The path may be
calculated prior to the routing request (pre-computation) or at the time of the request
(on-demand). Therefore. any QoS routing algorithm fall into one of the following

schemes.
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e On-demand source routing
e On-demand distributed routing
e Pre-computed source routing

e Pre-computed distributed routing

5.2.1 On-demand Source Routing

In this scheme each node maintains a global state of the network domain (network
topology and state information of every link). Based on this state, the source node
finds a feasible path to the destination. The calculation algorithm is triggered by the
arrival of requests. Theretore, for each request the algorithm should calculate a new
route to the destination. This scheme has advantages and disadvantages in terms of

the computation overload and the collected global state.
Advantages
e Guarantees loop-free paths.

e Avoid problems associated with distnbution calculations: consistency. deadlock.

etc.
e Simple to implement. evaluate, debug and upgrade.
e Provide better routes by using the most recent iink state.
e Low memory usage as compared to pre-computation.

Disadvantages

e Updating the global state frequently enough to reflect the dvnamics of network

parameters.

e The imprecision of the global state due to the propagation delay of state messages.
This may cause the QoS routing algorithm to fail in finding a path [CHE98b].
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e Computation overhead at the source.

e Scalability problem.

5.2.2 On-demand Distributed Routing

In this scheme. the path calculation is distributed among the intermediate nodes
between the source and the destination(s). The calculation is triggered for every

arrived request.

Advantages

e Bertter scalability.

e Bertter success rate, because multiple paths can be searched.
e Provide better paths. by using the most recent state.

e Low memory usage.

Disadvantages

¢ Is not loop-free. because of state inconsistency.

e Difficult to implement. evaluate and debug.

e There is not enough information to avoid loops.

5.2.3 Pre-Computation Routing

Pre-computation of paths with source routing or distributed routing share some
advantage and disadvantages of on-demand source routing and on-demand distributed

routing. The differences are:
e Pre-computations provide less accurate paths than on-demand.

e [ ower computation overhead.
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e Pre-computation routing introduces extra processing overhead (In addition to the

path calculation) by searching for the feasible path at the arrival of the request.

5.3 The Rationale Behind the QoS Routing
Agent

The QoS routing protocols have come into existence to support the provision of QoS
for the emerging multimedia applications. The work until now is still under extensive
research and is not clear if the deployment of those protocols will perform and scale
well in the existing architecture of the Internet. As mentioned previously, QoS routing
use enhanced route calculation algorithms to find a path with multiple constraints.
Those algonithms. as suggested by the current proposals. should be implemented in
each router. Furthermore. QoS routing is associated with resource reservations or
some sort of admission control. This association. will certainly put extra load on the
routers that are supposed to process and forward traffic with minimum processing
delay. In this thesis. we argue the use of QoS routing agent to calculate a QoS path on
behalf of the routing protocol. The tollowing points explain our argument. Figure 5.1.

is repeated here for illustration.

Domain Admission —
Control Agent
QoS Routing ' Domaimn Resource

—
Reservation Agent

Domain Agency

Figure 5.1: Domain agency architecture.
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Argument 1

QoS provisioning in the current and near future architecture of the Internet is
available to limited number of users, and cannot scale to accommodate all users of the
Internet. Therefore, by using QoS routing agents, the underlying routing protocol
performs its packet forwarding for the best-effort service, and only QoS requests

trigger the QoS routing agent to calculate the QoS path.
Argument 2

The proposed QoS routing protocols are extensions to the traditional routing
protocols. and are supported with certain path selection algorithms to find the QoS
path. These algorithms may not satisfy the requirements of different multimedia
applications. Therefore. by isolating the QoS calculation from the routing protocol.
the algorithms can be implemented as tlexible as possible to fulfiil the different

applications needs.
Argument 3

Implementing the QoS routing agent inside the domain agency, which controls the
domain resources. allow calculations of accurate paths that reflect the current state of

the domain.
Argument 4

Network domains (OSPF domains) may split and merge according to the size of the
domain (number of nodes). By using QoS routing agent. it is possible to clone new
agents that interact with the OSPF routing protocol to determine the topology of the
new domain. and then interact with the parent agent in the original domain to retrieve

the current reservations that belong to the new domain.
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Argument 5

The resource reservation architecture that we have proposed handles immediate and
advance reservations that rely on the QoS routing agent to find future routes with the

help of the domain agency.
Argument 6

Flow aggregation is one of the important issues in providing better scalability for
packet classifiers and packet schedulers. The QoS routing agent employs a calculation
algorithm that allows the aggregation of flows that use the same path within certain

time period.
Argument 7

Policies are important in regulating the resource usage. the QoS routing agent is
flexible in enforcing local policies in a certain domain. and global policies spanning

multiple domains or policies enforced on the whole autonomous system.

With these arguments. we proceed in the following sections to explain the QoS

routing agent and the calculation algorithm that is used by this agent.

5.4 Quality of Service Routing Agent

The Quality of Service Routing Agent (QoSRA) plays a very important role in the
domain agency architecture. It decides if the new session is admitted or rejected.
according to the links state obtained from the admission control algorithm. For
simplicity. the QoSRA is not involved in updating routes for user interactions. These
are handled by the admission control agent. which grants admission according to the
existing selected path of the session. The request is rejected if resources in this path
cannot accommodate the requested interaction. The best path is the shortest-narrowest

path.



Definition

The best path is the shortest, in terms of the hop-count (propagation delay). and the
narrowest, in terms of the bottleneck bandwidth, that satisfies the requested
bandwidth.

As stated earlier, the QoS routing is closely linked to immediate and advance
resource reservations. The QoS routing algorithm therefore needs to apply a
mechanism that maximizes the utilization of the resources and facilitates the
prediction of the next routes to be selected. This helps in flow aggregation and saves
processing ume by caching the most recent routes. The main reasons for using the

shortest-narrowest algorithm rather than the shortest-widest algorithm are as follows.

¢ Route fluctuation: The shortest-narrowest path algonthm allows the next selected
route. with the same ingress and egress points in a certain domain. to be the same as
the previous route as long as the route has sufficient resources to support the new
session. Therefore. by caching the most recent routes. calculating a QoS path
involves only searching the cached routes for the one with the same ingress and

egress points and checking its bottleneck bandwidth.

e Resource fragmentation: This is a condition in which there are many scattered
amounts of resources that are too small to be used productively. This condition is
especially common in advance reservations. An advance reservation algorithm
reserves resources at different. overlapping time slots. This increases the resource
fragmentation and. as a result. increases the probability that immediate and advance

reservation requests will be rejected.
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As an illustration, consider the following example. In figure 5.2, assume each
link has a capacity of 10 units, and three new flows arrive at the ingress point asking
for five units each. Using the shortest-widest path, The QoSRA will operate as
follows; choose link 1-2 for the first request, link -3 for the second and link 1-4 for
the last. If another request arrives at the same ingress point asking for six units of
resources. it will be definitely rejected. Resources have been fragmented and there are
now not enough resources in the outgoing links, even though the total capacity of the
links (30 units) is enough for all requests (21 units). Each time a new request arrives.
it will use a different path even if the ingress and egress of the previous path are the
same and the path has enough resources. This requires unnecessary calculations and

will affect the performance of the algorithm.

Figure 5.2: Resource fragmentation problem

S5.4.1 The Shortest-Narrowest Path Calculation Algorithm

The algorithm 1s a modification to Dijkstra’s algorithm [DIJ59. STA97]. where we
target the minimum bandwidth with the minimum number of hops that accommodate
the desired bandwidth instead of the least-cost path. The algorithm computes the
complete path from source to destination if they are in the same domain. from the
source to the egress router. from the ingress router to the egress router and from the

ingress to the receiver.

The routing table includes only the transit nodes. stub nodes are checked against

the destination address if it is not the destination it is discarded, otherwise the
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The routing table includes only the transit nodes, stub nodes are checked against
the destination address if it is not the destination it is discarded, otherwise the
destination has been reached and the algorithm is terminated. For simplicity, the

QoSRA applies only to unicast sessions.

Consider a directed graph G=(V, A4). where V is the set of vertices (nodes) and A
is the set of edges. Each Edge(i, j) is assigned a real number b; the available
bandwidth. The algorithm proceeds in stages. By the k** stage, the best paths to the &
nodes closest to the source node have been determined; these nodes are in a set M. At
stage (k+1). the node not in M that has the best path and has the minimum number of
hops (in case of multiple nodes with the same minimum bandwidth) from the source
node is added to M. As each node is added to M, its path from the source is defined.

The algonthm can be formally described as follows. Using the following notations:

b% = Requested bandwidth of flow @

V= set of nodes in the network

s = Source node

M = Set of nodes so far incorporated in the algorithm

b; = Link bandwidth from node { to node j. b; = 0 if the two nodes are not directly
connected. b; 20 if the two nodes are directly connected.

B, = Minimum bandwidth ot the best path from node s to node n

Therefore. given any path p =(3, j, k, .., [, m). the bottleneck of the path is defined as

width(p) = min[b;;. by, .... bim]

and the cost of the path is defined as:

cost(p) =Cij “ Cix + eee. T Cim



The shortest-narrowest path algorithm calculates a path by applying the modified

Dijkstra’s algonithm, which finds a path with minimum widrh(p) and least cost

cost(p).

Step I:

Step 2:

Step 3:

Iniualize M = {s/, the set of nodes so far incorporated consists of only the

source node.
B, =b,, forall n #s; the initial path bandwidth to neighboring nodes

Find the neighboring node not in M that has the minimum bandwidth from
node s and equal to or greater than the requested bandwidth. incorporate

that node into M: this can be expressed as:

Find w & M such that:

B.. =min [B,] 2> b° neM

If w has more than one value. find w that has the minimum number of hops

from the source. Add wio M

M =M U fw)}. if all nodes are incorporated into .M. terminate.

Update the best bandwidth paths:

e If B,<b* :then
B.=min[B., b..,/ foralln eM

If the new value of B, is smaller than or equal to the previous value of B,,

restore the previous value of B,.

o IfB,2b"
B, =min[B,, min[B.. b..]/ forallm eM

If min[B., b..j <b®, then the new value of B, < b®. restore the previous
value of B, If b* <min[B., bu./ <B., the path from s to n is now the path

from s to w concatenated with the link from w to n.
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5.4.2

One iteration of steps 2 and 3 adds one new node to M and defines

the best-bandwidth path from s to that node. That path passes only

through nodes that are in M.

Example Network

The following is a network example to illustrate the operation of the shortest-

narrowest path algorithm. The result of the algorithm is shown in table 5.1.

Assume b® = 30. source node = | and destination node = 6.

Figure 5.3: Network example

K M B2 PATH B3 PATH | B4 PATH | BS PATH | B6 PATH
1 th 20 1-2 50 -3 40 -4 0 - 0 -

2 VLA 20 -2 30 1-+3 | 40 -4 | 40 | 145} O -

3 1143} 30 | 1-4-3-2 | 30 143 } 40 -4+ | 40 | [4-5| 30 | I4-3-6
4 L4320 30 | 14-3-2| 30 143 | 40 I+ | 40 | I35 30 | 14-3-6
5 t1.4.3.2.6} 30 | 14-3-2 | 30 143 | 40 I+ | 30 | I4-5| 30 | 14-3-6
6| 1143265} | 30 | 14-3-2 | 30 I-4-3 | 40 -4+ | 40 | 14-5| 30 l-f-3-§

Table 5.1: Shortest-narrowest path calculation
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5.5 QoS Routing Algorithms Performance

Evaluation

This section evaluates the performance of the shortest-narrowest path algorithm and
compares it with the shortest-widest and the shortest-reduced path algorithms (a
shortest-reduced path is selected after eliminating the links that do not have enough
bandwidth to support a new session). Dijkstra’s shortest path algorithm is used as a

benchmark. and is also used to test connectivity

5.5.1 Network Topology

The network topologies used are randomly generated graphs. Each node is identified
by selecting its coordinates (x and v) from the interval [0, 100). The residual
bandwidth of each link is randomly selected from the interval [0, 100]. To control the

connectivity degree of the generated topology we apply the following algorithm.
e Each node is assigned a certain radius:

e The node is connected to other node if and only if the Euclidian distance between

the two nodes is less than the minimum of the radii of the two nodes.

To determine the radius of the nodes. we follow the following procedure:
e Each node is assigned a random number x, in the interval (0. 1):

e The radius for node i/ is R x x, where R is selected so that the average node

connectivity (number of neighboring nodes) degree is d.

The simulation program was completely written in Java. We have conducted
several experiments with this type of random graphs and concluded that this type of
graphs is very suitable to simulate network domains with certain average connectivity

degrees.
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5.5.2 Simulation Results

We conducted experiments with network sizes 20, 40, 60, 80 and 100. For each
network size, 100 random graphs are generated. Then for each graph, we produced a
connected graph with the degrees 5, 6, 7, 8. The shortest path algorithm is used to test
connectivity. The routing scenario is as follows; each node selects a random
bandwidth (requested bandwidth) in the interval (10. 30), then each node calculates a
QoS path to all other nodes, by using the on-demand source routing algorithm. There
are no reservations in this simulation. the task is to test the following performance

measures:

Success rate (delivery rate): is the ratio of the successfully received messages to the

total of the sent messages.
Hop-count (cost): is the ratio of the successful hop counts to the total delivery.
Success Rate

Figure 5.4 shows the success rates of the tested QoS routing algorithms and the
shortest path algorithm. The shortest path has the lowest success rate. This is because
the shortest path may not satisfy the requested bandwidth. The success rate for the
shortest path decreases as the network size increases. This is because, for large
networks. the average cost ot the routes increases. also increasing the probability that
the bottleneck link is smaller than the requested bandwidth. The shortest path is
therefore not suitable for handling QoS routing requests. The success rate for the
other algorithms is identical and is much better than the shortest path. The success

rate is also sensitive to the connectivity degree. increasing and becoming more stable for

large degrees.

Hop-Count

Figure 5.5 presents the results of the average hop-counts. As expected, the shortest

path gives the lowest values. The second best algorithm is the shortest-reduced
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algorithm. The shortest-widest path provides slightly better results than the shortest-

narrowest path the average difference is one hop-count.

Discussion

The results of the experiments raise two important issues. which have to be taken into
consideration when deciding the size of the network domain that employs the QoS
routing and QoS provision in general. The first issue is the domain size: the results
show that larger domains produce larger hop-counts. This is not acceptable in some
cases (such as networks with scarce resources) because more resources are consumed.
Average-sized domains are easy to manage and reduce the QoS path selection
overhead. The second issue is the degree size: it has two effects, one is on the success
rate and the other is on the hop-count. The success rate increases as we increase the
connectivity degree. justifving the usefulness of the QoS routing. The success rate
also tends to be stable for higher degree rates. giving a good idea of the behavior of
the resources in the domain. For large network sizes. the hop-count decreases as the

degree of connectivity increases.
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5.6 QoS Routing Agent Simulations

Our simulation aim to show that QoS routing is an effective way of achieving high
acceptance rate of immediate and advance resource reservation requests. The
simulated topology is a bottleneck link, where immediate and advance requests are
directed to a QoS routing agent. The QoS routing agent applies admission control
and selects the narrowest-path that satisfies the request. The network topology is pre-
installed in the QoS routing agent, and is assumed constant during the simulation
periods. [n real implementation the QoS routing agent gets the network topology and

network updates from the routing process. The network used is as follows:

Wi

ity

Where: X(Y) are link Id and Link capacity. respectively

Figure 5.6: Simulated network topology

5.6.1 Simulation parameter Selection

There are general parameters for the operation of the overall model. and there are

specific parameters for each source.

e The duration of the requests is exponentially distributed with a mean of 500

simulation seconds:

e The resources requested are uniformly distributed with a mean of 3 resource units;
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o The inter-arrival rate is exponentially distributed with a mean of 5.0;
e Book-ahead time is exponentially distributed with a mean of 20000;
e Minimum Booking time is equal to 1000;

e Maximum booking time is equal to 200000.

The maximum static link capacity that can be provided by the used network is
300 resource units. The simulation time is 3 x 10° simulation seconds. The last
parameter is the Look-ahead time, which is varying during the simulation; the values
used are 0. 250. 500 and 1000. From the above parameters, the average offered load

for immediate and advance sources. according to equation 4.1, is 200%.

5.6.2 Simulation Results

Several experiments were conducted to monitor the following performance measures:

e Rejection probability: To monitor the probability of the immediate and the advance

requests:
e Uulization: To check the overall utilization of each link capacity:
e Advance Durauon: To check the duration of the admitted advance flows:

e Preemption probability: To monitor the probability of the admitted immediate

flows.

Rejection and Preemption Probabilities

Table 5.2, shows the rejection and preemption probabilities. The maximum link
capacity is available to the advance requests. With 100% offered load, we get a
rejection probability of almost zero. As time elapses. we get a steady value. which

allow us to control the rejection probability by varving the offered load.



For immediate requests, the rejection probability increases as we increase the
look-ahead time. At zero look-ahead time, the rejection probability is at its minimum
value. The reason for this is that the admission algorithm accounts only for currently
active flows. By increasing the look-ahead time, more advance flows are included in

the admission control algorithm.

The advance reservation requests have higher priority to acquire resources than
immediate requests. Therefore. at the start of every admitted advance flow, the total
used resources are calculated. If this total exceeds the total link capacity, one or more
admitted immediate flows are preempted. The preemption probability can be changed
by changing the look-ahead time. At zero look-ahead. more immediate flows are
admitted. which results in high preemption probability. In fact, the look-ahead time is
an essential factor for choosing the rejection and preemption probability for
immediate requests. The value of look-ahead time should be chosen to get optimum

values of preemption and rejection probability.

Look-ahead Time
0 250 | 500 | 1000
Advance Rej. Prob. 0 .0 0 .0
Immediate Rej. Prob. .0 07 )1 . 125
Preemption Prob. 56 08 (.04 .02

Table 5.2: Rejection and preemption probabilities.
Link Utilization

-

Table 3.3, shows the average utilization of each link in the network. All packets enter
at node 0 and leave at node 5. Therefore. according to the network topology and the
QoS routing algorithm. links 0.3.7 have higher utilization. When there are not enough
resources in link 3. the algonthm will change the path to 0-4-3-7. which is the next
best bath. Once links 0 and 7 have finished their resources. the algorithm will choose
the path [-3-8-9, which explains the high utilization of link 5. As we can see from
table 5 and the network in figure I8, the links are utilized according to the operation

of the QoS routing algorithm.
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Meanwhile, the results show that as the look-ahead time increases the utilization
of each link increases. At zero look-ahead time all immediate requests are admitted,
but whenever a new advance flow starts using its reserved resources, one or more
immediate flows are preempted, if the used resources are more than the total link
capacity. This results in a high preemption probability and lower link utilization. As
we increase the look-ahead time, admitted immediate flows guarantee their operation
in the look-ahead period without any preemption. Using the QoSRA, the rejection

probability increases by small values as the look-ahead time increases.

Link Id Look-ahead Time

0 250 500 1000
Link 0 Ave. Uul. .959 .984 .988 .990
Link I Ave. Utl. .369 767 .782 787
Link 2 Ave. Util. .0 .0098 015 .0279
Link 3 Ave. Utl. .968 993 995 .996
Link 4 Ave. Ul 495 542 543 543
Link 5 Ave. Uul. .830 .934 .940 .947
Link 6 Ave. Unl. .129 .646 .683 .705
Link 7 Ave. Utl. 956 .982 987 .989
Link 8 Ave. Util. 424 .540 538 545
Link 9 Ave. Utl. 367 778 .8 817

Table 5.3: Average link utilization.

Comparison with Single Path

For comparison. we show in table 5.4 the results ot earlier simulations we have done
for single link admission control. The total offered load for this simulation is 170%.
By comparing the results in table 5.2 and table 5.4, we can see the improvements in
the immediate and advance rejection probabilities. The preemption probability is also
slightly improved. The admitted advance duration. figure 5.7 (for single path) and
figure 5.8 (for QoS routing), is significantly improved using QoS routing, this is a
very promising result where sessions with long time duration will have higher

acceptance probability than sessions in single link admission control.
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Look-ahead Time
0 {250 | 500 | 1000
Advance Rej. Prob. 07 (.07 {.07 |.07
Immediate Rej. Prob. A2 1.75 |.78 .83
Preemption Prob. 54 1.13 {.06 02

Table 3.4: Simulation results for single path.
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Figure 5.7: Admitted advance duration for single link
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Figure 5.8: Admitted advance duration using QoS routing agent

5.7 Summary

This chapter explained in some detail the QoS routing algorithms and presented the

simulation resuits. The simulations showed the effectiveness of QoS routing in

87



supporting of network QoS and improving the utilization of the networks. It also
presented a new method for QoS routing by using agents that make the necessary

calculations on behalf of the routers.
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Chapter 6

Implementation

6.1 Introduction

In previous chapters we have stated architecture for immediate and advance resource
reservations with the ability to adapt the reserved resources according to user
interactions. The architecture supports resource reservations at both. the network
clements and the end systems. The simulation of admission control with user
interactions and the QoS routing agent have showed a promising results. In this
chapter. we advance a further step in testing the performance and scalability of the
domain agency. We present an implementation of the domain agency and the
resource reservation agents. and then apply extensive experiments. Then we integrate
this work with an emerging multimedia multiparty enabling work application. This
application provides an environment for distributed users through the Intermet to
collaborate and hold meetings. In the implementation. we used an agent management
platform viz. FIPA. The implementation was completely done in Java programming

language.
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6.2 Limitations

The implementation has some limitations due to time and resource constraints.
Furthermore, there is no implementation of RSVP that supports time specifications.
In spite of these limitations we performed the implementation with the following

assumptions:

e Substitute the RSVP messages with a regular messages that convey the same

information as RSVP in addition to time specification.

e The OSPF protocol is used to provide the QoS routing agent with the network
topology and topology updates. Therefore, in this implementation, we provide the
network topology as a priori to the QoS routing agent, and assume that the network

i1s stable during the course of the experiment.

e The aim of the experiment is to test the performance and the scalability of the
domain agency. So. the traffic will consist of only the reservation requests and there

1s no need for packet classifiers and packet schedulers.

6.3 Overview of FIPA and FIPA-OS

FIPA [FIP0O] stands for Foundation for Intelligent Physical Agents. It 1s an agent
management specification.  The agent management provides the normative
framework within which FIPA agents exist and operate. It establishes the logical
reference model for the creation, registration. location, communication, migration and
retirement of agents. Figure 6.1, shows the different components of the agent

platform. followed with a brief description of its components [FIP0OO].



Software

Agent Platform

Agent
gen Directory

Agent Management Facilitator

System

\ 4 \ 4

Message Transport System

3

. 4
Message Transport System

Agent Platform

Figure 6.1: Agent Management Reference Model

Agent: is the fundamental actor on an Agent Platform (AP), which combines one or
more service capabilities into a unified and integrated execution model that may
include access to external software, human users and communications facilities. An
agent must have at least one owner. An Agent [dentifier (AID) labels an agent so
that it may be distinguished within the Agent Universe. An agent may be registered
at a number of transport addresses at which it can be contacted and it may have

certain resource brokering capabilities for accessing software.

Directory Facilitator (DF): is a mandatory component of the AP. The DF provides
vellow pages services to other agents. Agents may register their services with the
DF or query the DF to find out what services are offered by other agents. Multiple

DFs may exist within an AP and may be federated.
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Agent Management System (AMS): is a mandatory component of the AP. The
AMS exerts supervisory control over access to and use of the AP. Only one AMS
will exist in a single AP. The AMS maintains a directory of AIDs, which contain
transport addresses (amongst other things) for agents registered with the AP. The
AMS offers white pages services to other agents. Each agent must register with an
AMS in order to get a valid AID.

Message Transport Service (MTS): is the default communication method

between agents on different APs

Agent Platform (AP): provides the physical infrastructure in which agents can be
deployed. The AP consists of the machine(s), operating system, agent support

software, FIPA agent management components (DF, AMS and MTS) and agents.

Software: describes all non-agent, executable collections of instructions accessible
through an agent. Agents may access software, for example, to add new services.
acquire new communications protocols. acquire new security protocols/algorithms,

acquire new negotiation protocols, access tools. which support migration, etc.

FIPA-OS supports the majority of the FIPA specifications and is being

continuously improved as a managed open source project. FIPA-OS is formerly

implemented by Nortel Networks [NORTEL]. then Nortel has transferred the
management responsibility of FIPA-OS to Emorphia [EMOOQ0]. FIPA-OS is

implemented in 100% pure Java and it is available for public at [EMOQ0]. Two

alternative distributions are available, one supporting JDK1.1, which is recommended

for agents intended for deployment on small footprint devices; and the other

supporting JDK 1.2 (and 1.3) for all other uses.



6.4 Implementing the Domain Agency on Top of
FIPA-OS

Figure 6.2, depicts the complete architecture of a router that hosts the domain agency.
As stated previously, the domain agency and the FIPA-OS platform will be used in
the experiments. For sake of clarity, we discuss the operation by assuming the
presence of other protocols. Agents in the DA communicate with each other through
internal platform message transport. For the third party software, which sometimes
does not support agents, the communications is done with the help of agent wrappers.
For example. the OSPF agent wrapper gets information from the OSPF protocol and
submits them to QoS routing agent. The RSVP agent wrapper relays commands from

the DRRA to the RSVP protocol and vice versa.

N

’/ \
\- /

Agent Directory Agent
Management Facilitator Communicaton
System Channe!

o I l
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Figure 6.2: Domain agency on top of FIPA-OS
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6.5 Experiment

To test the performance of the domain agency on top of FIPA-OS, we performed
several experiments, which consist of the components shown in figure 6.3. The
experiments were run in real-time. and parameters were selected to approximate the
values used in real applications. For example, the duration of the session, the reserved
bandwidth, etc. The network topology understudy was predefined to the domain
agency and the topology is assumed stable during the experiments. The resource
reservations agents (RRAl and RRA2) reside in the same computer and send

reservation requests to the DA through TCP/IP network.

9

RRAL RR:

Domain Agency

b t

FIPA-OS o FIPA-OS

Computer A Computer B

Figure 6.3: Experiment setup




6.5.1 Parameter Choices

The RRAI sends advance reservation requests, while the RRA2 sends immediate
reservation requests. The RRA agents send reservation requests to the domain agency
that processes the requests according to certain policies. Following are the parameters

selected for the agents and the domain agency:

RRA1

e Start ume of the reservation is exponentially distributed with mean 2160Min (1.3
days):

e Inter-Amival of the reservation requests is exponentially distributed with mean

5Sec:

e Duration of the reservation is exponentially distributed with mean 90Min (1.5

Hours);

e Amount of the bandwidth is uniformly distributed from 1 to0 5.

RRA2

e Inter-Amval of the reservation requests is exponentially distributed with mean

5Sec;

e Duration of the reservation is exponentially distributed with mean 90Min (1.5

Hours);

e Amount of the bandwidth is uniformly distributed from 1 to 3.

Domain Agency

Performs reservations according to the following policies
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e Each user should make advance reservations within time greater than or equal to
60Min and less than or equal to 4320Mins (3 days);

e The advance and immediate reservation periods should be not less that 15Min and

not more than 180Mins;

¢ The look-ahead times for immediate reservations are 0, 15, 30 and 60Mins.

6.5.2 Experimental Results

With these parameters. we ran the expenments in real-time, and monitored the

following performance measures:
e Advance rejection probability;

¢ Immediate rejection probability;

Immediate preemption probability;

Duration of admitted immediate sessions:

The utilization of each link in the network domain.

The rejection probability is the key measure for the performance of the
algorithm. The goal is to minimize this probability for advance reservation requests
and obtain a reasonable rejection probability for immediate reservation requests.
Advance reservation requests have a higher priority than immediate requests.
Therefore, at the start of every advance session. some of the immediate sessions are
preempted if the total reserved bandwidth exceeds the link capacity. The duration
performance measure is used to track the duration of the admitted immediate flows,
which are expected to decrease as the rejection probability increases. The link
utilization performance measure monitors the usage of each link according to the QoS

routing algorithm.
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Rejection Probability

Figure 6.4 shows the immediate rejection probability. The advance rejection
probability is almost zero. The immediate rejection probability increases as we
increase the look-ahead time. The rejection probability at look-ahead times 30 and 60
are almost the same and is slightly lower for look-ahead time 15. We prefer to use
look-ahead time 13, as calculation overhead is low. In fact, the admission control
algorithm is very sensitive to the duration of the reserved sessions. One session may
be rejected because of the lack of resources available after a few seconds. This will

introduce gaps between reserved sessions.

Immediate Rejection Probability

——{ockAheac=0
LookAheag=15

—&— LookAheac=30

—eo— LookANeac=60

Rej. Prob.

Q 50 100 150 200
Elapsed Time (Seconds X 1000)

Figure 6.4: Immediate rejection probability.

Preemption Probability

The preemption probability for immediate requests is shown in figure 6.5. As can be
seen, the preemption probability is inversely proportional to the rejection probability,

decreasing as the look-ahead time increases. There is actually a trade-off between the

97



rejection probability and the preemption probability. Some users may prefer not to be
interrupted during the playback of the session, and may therefore accept a high
rejection probability (repeating connection requests, using agents). Other users may
prefer to have a low rejection probability (starting as soon as possible), and may
therefore accept service degradations and interruptions during playback. Rejection

and preemption can therefore be adjusted to user preference.

Immediate Preemption Probability
0.7 - . .- -

—— LookAheaa=0

—8— LookAheac=15
—#&— LookAheaa=30
—&— LookAheaa=60

Preem. Prob.

o] 50 100 150 200
Elapsed Time (Seconds X 1000)

Figure 6.5: Immediate preemption probability.

Duration of Admitted Immediate Sessions

Because of the increasing rejection probability of immediate flows, we set up a
performance measure to monitor the duration of admitted flows. This gives us a good
idea of which sessions are most likely to be granted admission. In figure 14, we show
the duration of admitted immediate sessions. As the look-ahead time increases. the
sessions with smaller durations have a better chance of admission than sessions with
larger durations. At higher look-ahead times. the rejection probability for immediate

reservation requests increases. as can be seen from the gaps between the reserved

sessions.
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Figure 6.6: Duration of admitted immediate sessions.

Link Utilization

Figure 6.7 in the following pages . show the utilization of each link in the network for
each look-ahead time and table 6.1. shows the average value for each link. All
packets enter at node 0 and leave at node 5 (see figure 6.3). Therefore, according to
the network topology and the QoS routing algorithm. links 0.3,7 have higher
utilization. When there are not enough resources in link 3. the algorithm will change
the path to 0-4-3-7. which is the next best bath. Once links 0 and 7 have finished their
resources. the algorithm will choose the path 1-5-8-9. which explains the high
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utilization of link 5. As we can see from the figures and the network topology used,

the links are used according to the operation of the QoS routing algorithm.

Meanwhile, the results also show that as the look-ahead time increases, the
utilization of each link increases. At zero look-ahead time, all immediate requests are
admited. But whenever a new advance flow starts using its reserved resources, one or
more immediate flows are preempted if the used resources exceed the total link
capacity. This results in a high preemption probability and lower link utilization. As
we increase the look-ahead time, admitted immediate flows guarantee their operation
in the look-ahead period without any preemption. Using the QoSRA, the rejection

probability increases by small values as the look-ahead time increases.
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Figure 6.7: Links utilization
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Look-Ahead Look-Ahead Loo;(-Ahead Look-Ahead
0 15 30 60
Link 0 Util. 972 .986 987 989
Link 1 Util. 755 .882 .882 871
Link 2 Util. 007 022 029 039
Link 3 Util. 979 992 993 994
Link 4 Util. 521 .540 545 557
Link 5 Util. .906 902 928 .890
Link 6 Util. 546 810 .806 .830
Link 7 Util. 974 983 .986 .987
Link 8 Util. 593 572 .588 564
Link 9 Util. 755 904 911 912

Table 6.1: Average values of link utilization

6.6 Collaborative Environment for Virtual

Teams Application

At the Multimedia and Mobile Agent Research Laboratory (MMARL) a work has
been established to provide virtual teams with an environment for collaborative work.
This environment provides an efficient and easy mechanism to support multimedia

and multiparty applications such as video conferencing and remote consultation.

The collaborative-enabling environment is based on the use of agent technology.

Agents communicate and negotiate with one another, in a cooperative manner, to
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allow virtual teams collaborating via multimedia applications. The virtual team
invitation and QoS negotiation are done by a session initiation protocol (SIP), Then
the RSVP is used to reserve resources for the negotiated QoS and time intervals. The
media delivery is supported by Real-Time protocol (RTP). The transfer of media
streams is managed by Media Agents, which contain audio and video tools necessary
for achieving inter-media and intra-media synchronization, supporting different
compression algorithms, muilticasting and handling variable number of video/audio
streams. The mechanism of establishing a virtual team meeting is summarized in the

following steps:
e At the beginning, a virtual team is defined and roles are assigned to participants.

e Then a meeting is scheduled. At this step the purpose of the meeting, time. duration

and frequency are all specified.

e At the chair side there is a Team Control Agent (TCA), this agent generates a
Control Agent for each participant. Each Control Agent negotiates with the
corresponding participant, through SIP protocol. the time specification and QoS

specification in addition to other parameters.

e Afier finishing the negotiation process, the TCA dispatches a Team Participant
Agent (TPA) and a Team Service Agent (TSA) to every participant. The TPA
maintains all participant's profiles. Participant profile contains information about
the partictpant and the capability of his system (QoS parameters). The TSA is
created for each service (application) and is responsible for providing the suitable

environment for the application in the end systems and the network.

e The next step is the resource reservation process. This step is handled by a
Resource Reservation Agent (RRA), which communicates with the RSVP protocol

to reserve resources in the network.

e The participant becomes active as soon as the session time is due, at this time

Media Agents become active and control the flow of media streams between the
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chair and participants and between participants themselves. The chair controls the

floor of the meeting.

e Each participant is allowed to update his profile and leave or join at any time.

6.6.1 Integration Plan

To integrate the work described in this thesis with the V-Team/CE, we suggest the
architecture in figure 6.8. As we mentioned earlier that the team invitation and the
QoS negotiation are done by SIP protocol. The result of this negotiation is maintained
by the TPA as a user protile. For each application a TSA is activated which interacts
with the TPA to provide the suitable environment for the application. This is the same
as the work done by the Presentation Agent in the resource reservation architecture.
So it will not be repeated here. Our contribution to V-Team/CE work starts from the

Resource Reservation Agent. which is activated by the TSA.
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RRA: Resource Reservation Agent
RSVP: Resource Reservation Protocol

Figure 6.8: Integration with V-Teanm/CE
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6.6.2 Design Considerations

Heterogeneous Receivers: To cope with different users needs and different systems

capabilities, receivers are assumed heterogeneous;

Symmetric Receivers: The type of media and QoS values received by a

participant’s workstation are the same as that delivered by the same workstation:

Resource Reservation Process: The reservation process starts concurrently between
the chair and the participants, and between participants. The resources are reserved
in one way and are used by both connected participants. The flow of the reservation
messages. emerged from the chair to all participants and at the same time from each
participant to the other participants that are in the participant’s profile and have
higher sequence number as shown in figure 6.9. The amount of the reserved

resources is the minimum between any two participants;

chair
Parucipant, Parucipant, Participant.

NN

Figure 6.9: Flow of reservation messages.

Resource Reservation Agent RRA: the RRA mentioned in the resource reservation

architecture is activated by a TSA. and receives session specification from it.

109



6.6.3 Experiment

A connection was setup between the RRA in the chair side and the DRRA in the
domain agency. The RRA sent a reservation request for each participant to the
DRRA. The request contains the traffic and time specifications that each participant
can handle. The DRRA made reservation and maintained a reservation state for all
requests. In fact. this was a light weight reservations and is used to test the integration
of the resource reservation system with the virtual team work. The performance

evaluation was done in the previous section.

6.7 Summary

This chapter presents the implementation of the domain agency and the RRA in an
agent environment and tested their performance. The results are very promising and
encourage the deployment of agents in QoS management and resource reservations.
We have also presented an integration with a multimedia multiparty application and

showed how it can benefit from this architecture.
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Chapter 7

Conclusions & Future Work

7.1 Conclusions

With the increase in Internet popularity and use. more services and applications are
emerging to exploit the network resources. New types of applications are very
sensitive to delay, and can only perform well with guaranteed QoS. This presents us
with three possible directions. The first is to continue using the existing architecture
of the Internet and simply to increase the overall capacity of the networks. The
second is to enhance the existing architecture to cope with the new applications that
require stringent QoS guarantees. The last direction is to build a new infrastructure

that supports best-effort and guaranteed services.

The first choice provides fair access to all users; no users are blocked, but the
degree of service depends on the load conditions of the Internet. Users receive best-
effort service and must learn to tolerate QoS degradation. The question remains

whether technology will provide us with a very high bandwidth compared to todays.
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Will this high bandwidth be able to accommodate all Internet users of current and

future sophisticated multimedia applications?

The second choice provides QoS guarantees, but some users will be denied
access because resources are used up by current applications. This choice requires the
enhancement of current network protocols to provide a suitable environment for real-
time traffic. Most researchers agree on this as the preferred choice, since a QoS
guarantee is becoming a requirement for the optimal performance of certain

multimedia applications.

The last choice is not generally recommended, as it requires existing network
protocols to be discarded as new ones are built. The existing Internet architecture has
been in service for decades. It has been thoroughly analyzed and is well understood,

with proven reliability and scalability for traditional traffic.

In our work we opted for the second choice. We believe that even if the capacity
of the network increases, there is still a need for QoS management and guarantee. Our
approach is to provide simple. etficient. scaleable and flexible end-to-end QoS
resource reservation architecture. The present Internet is a collection of autonomous
network domains. The proposed architecture therefore relies on domain agencies.
which manage their resources in network domains. We proposed an end-to-end
negotiation approach relying on agents that work on behalf of users to negotiate the
requested QoS with the sender(s) and domain agencies. The agent has the ability to
select the QoS values that it knows will satisfv the users. The domain agency is
proposed to provide a better scalability of network resource use. relieving routers
from the burden of performing immediate and advance resource reservations and
complicated QoS routing calculations. The domain agency consists of four agents.
The proposed QoS routing agent would perform all QoS routing tasks. The proposed
admission control agent would perform immediate and advance admission control
and would adapt the resources to reflect user interactions. Finally, there is a resource
management agent and a reservation state agent. To test its performance, this domain

agency was implemented on top of a FIPA-OS agent platform.
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7.2 Future Work

This thesis proposes an end-to-end QoS architecture and has mainly focused on the
components that make it scalable and efficient. Although it is a first step to provide a
whole architecture that supports immediate and advance resource reservations with

user interactions. some issues need to be further explored:

e Test the architecture in a large-scale network with the co-existence of QoS traffic
and best-effort wraffic. and apply the actual traffic that uses the reserved resources.
This includes the deployment of the packet classifiers and packet schedulers, to

implement the QoS values.

e The near tuture Internet will comprise wireless networks connected to wired
networks. this imposes the enhancement of the architecture to handle mobile users

as well as fixed users.
e Use this architecture in conjunction with the Diff-Serv architecture.
e Use this architecture with MPLS architecture.
e Enforce policies at the router. the domain and the autonomous system levels.

e Enhance the architecture to support multicast reservations and routing.
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