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Abstract

An initiative between DeTeBerkom in Berlin and the Communication Research Centre (CRC)
in Ottawa was undertaken to determine realistic resource reservation requirements when
Internet Protocol (IP) telephony applications are multiplexed with bulk data applications in an

Asynchronous Transfer Mode (ATM) network.

In our work, we considered different ways of bundling voice (i.e. IP telephony) and data
traffic. We analyse the throughput achieved for the data traffic and the rate, packet loss and

delay variance for the voice traffic for each bundle type.

We illustrate the specific effects that different performance factors such as Variable Bit Rate
(VBR) traffic parameters, the Transmission Control Protocol (TCP) flow control and send
window size, network delay, system scheduling and application traffic have on the Quality of
Service (QoS) provision in an ATM Wide Area Network (WAN) and Local Area Network

(LAN) environment.

Trans-Atlantic connections, using national high-speed test networks and Teleglobe’s trans-
Atlantic submarine fibre CANTAT-3 are used to obtain the ATM WAN measurements. LAN
measurements are performed using an ATM LAN testbed at CRC.

The experiments are performed and evaluated with the CM Toolset, which provides for the

automation of QoS analysis of selected applications under different ATM network environ-

ments.
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Résumé

Une étude a été effectué conjointement par le Centre des Recherches sur les Communications
(CRC) & Ottawa et par DeTeBerkom a Berlin. L’objectif de cette étude était d’exploiter les
ressources du réseau de Mode de Transmission Asynchrone (MTA) de fagon efficace en
multiplexant des applications de voix utilisant le protocole Internet avec des applications de

données.

Differentes méthodes de multiplexage de la voix et des données ont été considérées. Les tests
consistaient & mesurer les paramétres de qualité de service MTA tels que la largeur de bande
atteinte en fonction du trafic des données ainsi que le débit, la perte de paquets et la variation

du délai du trafic de la voix et ce, pour chaque type de multiplexage.

Les résultats révélent que certains facteurs tels que les paramétres de trafic du débit binaire
variable, la dimension de la fenétre du protocol de contrdle de transmission (TCP), le contrble
du débit TCP, les délais encourrus dans le réseau et la répartition du temps de calcul par le
systéme d'exploitation entre les processus concurrents ont un effet spécifique sur la qualité de

service des réscaux MTA.

Les mesures trans-Atlantic ont €ié obtenues en utilisant des réseaux nationales ATM et le
cable sous-marin CANTAT-3 de Téléglobe. Les mesures locales ont été effectuées au CRC

sur un réseau local MTA.

Un outil dénommé CM tool a été utilisé pour effectuer et évaluer les mesures. Cet outil permet

la selection des charactéristiques du trafic a générer et I’analyse des résultats obtenus.
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Executive Summary

A collaboration between the Communication Research Centre (CRC) in Ottawa Canada and
DeTeBerkom in Berlin Germany was undertaken to study the Quality of Service (QoS)
requirements of User Datagram Protocol (UDP) Internet voice traffic when multiplexed with
Transmission Control Protocol (TCP) data traffic over a trans-Atlantic Asynchronous Transfer
Mode (ATM) Wide Area Network (WAN) and an ATM Local Area Network (LAN) Variable
Bit Rate (VBR) service. The purpose of this investigation was to determine realistic resource
reservation requirements when Internet Protocol (IP) telephony applications are multiplexed

with bulk data applications. —

A series of performance measurement tests were carried out, between Berlin and Ottawa, in
the March and April 1998 timeframe. Local ATM measurements were performed at CRC

between June and August.

For the purpose of this joint Canada-Germany research activity, national ATM networks were
interconnected via the CANTAT-3 trans-Atlantic submarine fibre cable. Teleglobe Canada
provided use of the CANTAT-3 submarine fibre cable system. Access to the CANTAT-3, via
the national ATM Test Network facilities, was supported by the CANARIE Test Network
Operations Committee (TNOC) in Canada and by Deutsche Telekom and DeTeBerkom in
Germany. From Pennant Point, Nova Scotia, the CANTAT-3 submarine cable lands at Sylt
Germany. Permanent Virtual Circuit (PVC) links supporting a VBR QoS class were set up
between the CRC BADIab in Ottawa and DeTeBerkom in Berlin.

The research team also had access to a local ATM testbed at CRC. LAN measurements
provided a valuable baseline for comparison with the measurements for the trans-Atlantic
ATM WAN. For the LAN measurements, PVCs supporting a VBR QoS class were estab-
lished.

The experiments focused on two types of Internet applications: bulk applications, which are

sensitive to minimum throughput, and voice applications, which are sensitive to delays.



The measurements were taken using the CM toolset which was developed by Automated
Testing Solutions (ATS) Research & Consulting GmBh in Berlin. It was used to measure the
throughput of the bulk data applications and the voice applications together with the packet
loss for the voice applications. The delay variance measurements were taken using the Adtech

AX/4000 ATM testset (Adt97).

The objective of the research was to explore how the bandwidth in ATM networks can be used
more efficiently. The goal was to demonstrate that by reserving network resources, not only
for individual connections, but for groups of connections and while maintaining the traffic and
QoS requirement limitations of each connection that network bandwidth resources could be
used more efficiently. For instance, it is important that each UDP voice connection that has
been grouped together to form a bundle experiences a minimum packet loss, that the transmit-
ting and receiving rate are maintained and that the delay variance is kept to a minimum. We
demonstrated that transport level connections can be multiplexed or bundled to improve
resource reservation, QoS provisioning and bandwidth cost. We also demonstrated that when
connections are bundled at the end-system, many factors affect the performance of the voice
and data traffic over a VBR service. These include the type of traffic as well as the network
delay, the system scheduling, the rate at which the information is transmitted, the TCP window

sizes and the TCP slowstart and congestion avoidance mechanisms.

In our experiments, transport connections are grouped together to form a bundle and the traffic
is sent over an ATM virtual connection. The results show that when bundles are built using
only UDP connections the UDP throughput starts to decrease when more than twelve UDP
audio streams are multiplexed on the WAN. This same behaviour occurs on the LAN when ten
UDP audio streams are bundled. When a single TCP connection is bundled with UDP
connections, the UDP throughput decreases faster. The TCP window size and slow-start
mechanism have a direct impact on the UDP throughput. With a large window size, for
instance 50 KB, up to four UDP sessions can be multiplexed so that the required rate for the
UDP connections is maintained. By selecting a smaller window size, more UDP connections
can be bundled. Finally when a bundle includes many TCP connections the UDP throughput

decreases even faster. As the number of TCP sessions is increased, the UDP throughput
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decreases. With a large window size, for instance 50 KB, only two TCP connections can be
multiplexed with one UDP connection so that the required UDP rate is maintained. Neverthe-
less by choosing a small window size up to six TCP connections can be bundled with one

UDP connection without considerably affecting the throughput of the UDP connection.

vii




Table of Contents

INTRODUCTION 1
1 UPC MECHANISM FOR VBR seseeesesseensasanene 2
2 TCP WINDOW CONTROL..... essssssssesensesssssses 4
2.1  TCP WINDOW BASED FLOW ..coortttitiiiieiieiiericceitiiecseceseenencnseseeenseecenmnnessesaeans eresenssonnares 4
2.2  SLOWSTART AND CONGESTION AVOIDANCE .....ccceutmeteeremtenemeeeninneaneeessississsmseseissseesseaessos 4
3 OBJECTIVES 5
4  ATM TESTBEDS ..ccoccriiiiinccnssnncsssnssssstsscsasssssssssssssssssacssssasssssasosssassassnassssnasssssassssaassase 6
4.1 TRANS-ATLANTIC TESTBED CONFIGURATION........ccerrtievimeenieenrneeninsenreeannens e 6
4.2 LoCAL ATM TESTBED CONFIGURATION .....cccovcirmimirurinninrnrrrecrnrisssmeesseeeenessassasssassanans 7
5 ADVANCED TOOLSET FOR MEASUREMENT OF ATM NETWORKS - CM
TOOLSET ...ccccociecsssnnaccnssscssssecsssossssssssssssssssassassssssnasssssssssssssssssssssssnsessannsssssnsasssssassonsassaassss 9
5.1 CIM TOOLSET cevvuuriereenerieersensiessersstesserssnnsiesssssrisssstrnsssssssnssssernsnsssansassnseanansns RN 9
5.2 PROTOCOL TUNING BOX ....ervimiiniiiiiiiiiiiiiiciitin et St cns et e 9
5.2.1  Setting of Network ArCRILECIUTE .........coceuiveeeiiiniiiiiciiiciiiert s e e 9
5.2.2  Specification of Application Classes and QoS AnalySis..........ccccveueeereicreenrecnnnnn. 11
5.2.3  Bundling of ApplicQtion CLASSES............ccuueveveriireericrericiineinissiesivneeinessniseesneinns 12
5.2.4  Setting Of Protocol PArameters ...........ccuoccoiiiviinvieiniiniieinieeeneeneesstessesissssienns 13
5.2.5 Incremental Parameter MeQSUTEMENLS .......ccovvvvreveerrinivserrrnenieneeeeeeenissrneaeeaaeennes 14
6 CHARACTERISATION OF VOICE AND DATA WHEN THE SCR IS
RESTRICTED 15
6.1 TRANS-ATLANTIC MEASUREMENTS ....cccoitiiniuiiinnressunimnsneensinnisersssssrsssssssssassssassnssessenes 16
6.1.1  Bundling one TCP connection with an increasing number of UDP connections .17
DIESCIIPIION. c.ccneeeeeieiieiicet ettt s aba e e s e e e e an e s an e e naes e bbs s aa bbb e st baeabeaane 17
Traffic Parameters.......c.cceeeee.... veerrvanrenss versernnaas [ eeeeeeeeeennemreseeeeaeasaesieneeeaenas R 4
DICLAILS «cooeeveeeeeeerieeereneieeierttenree et crseniae i et s sbat et et et s sraas st e e e e s e r s e s e aarbrraas e s arreneser s 17
6.1.2  Bundling one UDP connection with an increasing number of TCP connections .27
DESCIIDEION. «.ccooveeiraereerireniteiiire sttt st sar s be s s s s s as s s smne s e s e e e aen s bs s e e sneeensaesenneans 27
TYQIFIC PAFAIELETS «.eaueeeereeneeieiueeriireressisenetereresesesaisseetestsesssssssssssnstantssesssanssrssrnsensessosssrannes 27
F D 7 1 O TSP 27
6.1.3  Bundling an increasing number of UDP CORNECTIONS .......covuerecrneiieirianiiniaiinnnns 31
DIESCIIPIION. ..uvereereerereeerensmruirersesserecsineree i seeer i aee s e e s e s s aass s ae s tesseeeen e ansnnaeeseesesasranaeeseres 31
TFALfIC PAFAIEIETS c...eeeeaereeeeeeeneieerciteesstessesserresesresssssr e s ssrnnassnnns s an s s ssnesenanssornassrnnresenes 31
DAL ...oecveeeeiereeieeeeteerete et sttt s sres e sansesate s saas e s st e s e bt s e s ams s e e b r e sebabe s e s abE s e e b ressR bt s e rnrnane 31
6.2 LAN MEASUREMENTS .....occiriitmiiiutiniiiecsiisesistessisnesssinmssissississesiosssssssssssssasssssasesssssssns 34
6.2.1  Bundling one TCP connection with an increasing number of UDP connections .35
VB R Tot ) 71 e RS TO 35
TTQIFIC PAFAIMEIEYS «.n.euveveeirereeecnirnenissesssnsssentesssssssssnsesenssesaesassssssestsesttesssssosssonsansesessesasssnens 35
DICIAILS .ottt e e e ettt e et s s st ar et e e e e e e st ee et e e e e e e s e s s s e bbbt bt e e e e s a b b e e s e s 35

X




6.2.2. Bundling one UDP connection with an increasing number of TCP connections .46

DESCTIDIO vevuevueecrenerstsscicusiesia st s et R b RS saE S e s 46

TTASFIC PATAIMEIETS c.cueoniviaeereseseseseisssssasssese st o s s s s s s 46

DICEGILS «.vvevveeseeeeeeeeereseessssssseasts sssassassasaassere e rasae e nt e R b e sh RS e R R e RS S e s e e et et s R A b e a e 46

6.2.3 Bundling an increasing number of UDP CONNECHONS ....c..ovvvvimiisereninrecnsienissnsenes 50

DOSCHIPEION.veeeeeeevereeeeenenasess st en et s ettt bR 4 S s RS s s ettt 50 >

TYAFIC PAFAIMELETS c.vnenvnevevevrinioronesnesssressssnssessa s st b b s sttt S50

DDOIAILS o veeeeeeeeeeeeeeeeeeeeeeeeeeaseestbtsssnbassessasanesbe s s s abesea s e ne et s a s e s ne S e b e S e s s e e e e b e s R s s st s 50 .
7 CONCLUSION 53
8 ABBREVIATIONS OF TECHNICAL TERMS 54
9 REFERENCES 55
APPENDIX A: ONE TCP BUNDLED WITH SEVERAL UDP CONNECTIONS ON
TRANS-ATLANTIC ATM.cccccrcsssoscsssssessanssesssssssssssesssonssssassasssssnssansassassonsassassanissssssasssase 57
APPENDIX B: ONE UDP BUNDLED WITH SEVERAL TCP CONNECTIONS ON
TRANS-ATLANTIC ATM 63
APPENDIX C: UDP BUNDLED CONNECTIONS ON TRANS-ATLANTIC ATM ......67
APPENDIX D: ONE TCP BUNDLED WITH SEVERAL UDP CONNECTIONS ON
LAN ATM .68
APPENDIX E: ONE UDP BUNDLED WITH SEVERAL TCP CONNECTIONS ON
LAN ATM 73
APPENDIX F. UDP BUNDLED CONNECTIONS ON LAN ATM 76




List of Figures

Figure I: Trans-Atlantic ATM infrastructure | 7
Figure 2: Local ATM infrastructure 8
Figure 3: Bidirectional dara transfer | 10
Figure 4: Example of traffic specification using the CM Toolset 11
Figure 5: Bundling of application classes and sessions i 13
Figure 6: Incremental measurement scenario ' B o 14

Figure 7: TCP Throughput vs. number of UDP bundles for different TCP TSDU lengths:

(a)4 KB, (b) 8 KB, (c) 10 KB and (d) 20 KB on an ATM WAN __ 18
Figure 8: UDP Throughput vs. number of UDP bundles for different TCP TSDU lengths:

(a)4 KB, (b) 8 KB, (c) 10 KB and (d) 20 KB on an ATM WAN 19
Figure 9: UDP loss rate vs. number of UDP bundles on an ATM WAN 20

Figure 10: Cell interarrival variation when bundling one TCP connection, using a window
size of 16 KB, with different number of UDP bundles: (a) 1 UDP bundle, (b) 2 UDP burndles,
(c) 3 UDP bundles, (d) 4 UDP bundles, (¢) 6 UDP bundles and (f) 8 UDP bundles on an-ATM
WAN 21

Figure 11: Cell interarrival variation when bundling one TCP connection, using a window
size of 50 KB, with different number of UDP bundles: (a) 1 UDP bundle, (b) 2 UDP bundles,
(c) 3 UDP bundles, (d) 4 UDP bundles, (¢) 6 UDP bundles and (f) 8 UDP bundles on an ATM
WAN 22

Figure 12: Bundling one TCP connection with many UDP connections on an ATM WAN ___ 23

Figure 13: TCP Throughput vs. number of TCP bundles for different TCP TSDU lengths:

(a) 4 KB, (b) 8 KB, (c) 10 KB and (d) 20 KB on an ATM WAN 28
Figure 14: UDP Throughput vs. number of TCP bundles for different TCP TSDU lengths:

(a) 4 KB, (b) 8 KB, (c) 10 KB and (d) 20 KB on an ATM WAN 29
Figure 15: UDP Throughput vs. number of UDP bundles on an ATM WAN 32
Figure 16: UDP loss rate vs. number of UDP bundles on an ATM WAN 32

Figure 17: TCP Throughput vs. number of UDP bundles for different TCP TSDU lengths:

Xi




(a) 4 KB, (b) 8 KB and (c) 20 KB on an ATM LAN 36
Figure 18: UDP Throughput vs. number of UDP bundles for different TCP TSDU lengths:

(a) 4 KB, (b) 8 KB and (c) 20 KB on an ATM LAN _ 37
Figure 19: UDP loss rate vs. number of UDP bundles on an ATM LAN 7 38

Figure 20: Cell interarrival variation when bundling one TCP connection, using a window
size 16 KB with different number of UDP bundles: (a) 1 UDP bundle, (b) 2 UDP bundles,

(¢) 3 UDP bundles, (d) 4 UDP bundles, (e) 6 UDP bundles, (f) 8 UDP bundles on an ATM
LAN 39

Figure 21: Cell interarrival variation when bundling one TCP connection, using a window
size 50 KB with different number of UDP bundles: (a ) 1 UDP bundle, (b) 2 UDP bundles,

(¢) 3 UDP bundles, (d) 4 UDP bundles, (e) 6 UDP bundles, (f) 8 UDP bundles on an ATM
LAN 40

Figure 22 Bundling one TCP connection with many UDP connections on an ATM LAN ___ 41

Figure 23: TCP Throughput vs. number of TCP bundles for different TCP TSDU lengths:

(a) 4 KB, (b) 8 KB and (c) 20 KB on an ATM LAN 47
Figure 24: UDP Throughput vs. number of TCP bundles for diﬁ‘erém‘ TCP TSDU lengths:
(a) 4 KB, (b) 8 KB and (c) 20 KB on an ATM LAN 48
Figure 25: UDP Throughput vs. number of UDP bundles on an ATM LAN | __ 51
Figure 26: UDP loss rate vs. number of UDP bundles on an ATM LAN 51

X11




Acknowledgements

The Research Team gratefully acknowledges the support of the CANARIE Test Network
Operations Committee, Teleglobe Canada, Deutsche Telekom and DeTeBerkom in providing

the use of CANTAT-3 and the access infrastructure.

The following individuals provided valuable assistance to the experiments and we thank them
for their contributions:

M. Savoie & T.Nguyen (CRC/BADLab),

A. LeChasseur, J.F Meunier & Y. Poppe (Teleglobe Canada)

J.Coulter (Bell Canada)

D. Hetzer (DeTeBerkom)

G. Neureiter (Techno-Z Salzburg Research).

This work has been funded by the Department of National Defence, Canada.

Xiii




Introduction

The Canada-Germany project "Bundling Internet Traffic over VBR ATM Networks" was
undertaken to study the Quality of Service (QoS) requirements of User Datagram Protocol
(UDP) Internét voice traffic when multiplexed with Transmission Control Protocol (TCP) data
traffic over a trans-Atlantic Asynchronous Transfer Mode (ATM) Wide Area Network (WAN)
and an ATM Local Area Network (LAN) supporting a Variable Bit Rate (VBR) service.
Different ways of bundling voice (i.e. Internet Protocol (IP) telephony) and data traffic were
considered. This investigation was designed to determine realistic resource reservation
requirements when IP telephony applications are multiplexed with bulk data transmissions

over an ATM network.

One of the primary benefits of ATM networks is that they offer different service classes to
differentiate between specific types of connections, each with a particular mix of traffic and
QoS parameters. The VBR service class is well-suited for voice applications where the delay
requirements are stringent. When the UDP voice traffic is multiplexed with TCP data traffic
over a single virtual channel connection, the ATM VBR traffic parameters must be selected
carefully in order to provide efficient throughput for the TCP traffic. The traffic parameters
that can be set when using the VBR service class are the Peak Cell Rate (PCR), the Cell Delay
Variation Tolerance (CDVT), the Sustainable Cell Rate (SCR) and the Maximum Burst Size
(MBS)[Atmf96]. The TCP flow control mechanism has a direct impact on the SCR and MBS
and the traffic parameters must therefore be set in a way to not degrade the TCP throughput
[Ano97][Bon96]. When the traffic parameters are exceeded, the ATM network can enforce the
traffic contract by performing traffic policing. Non-conforming cells may be discarded. When
cells that carry TCP traffic are discarded, the TCP throughput can go down to zero. In order to
ensure that cells are not discarded, traffic shaping is done at the source by limiting the traffic

rate at the source to the selected SCR.

Continuous speech of acceptable quality must be reconstructed from voice packets that have
experienced variable delays at the sending station and through the network. Various tech-

niques for packet-loss recovery and for jitter compensation have been proposed to improve the




quality of the voice at the receiver [Perk98] [Chen89]. The loss, delay characteristics and the
transmitting and receiving voice rates are the voice QoS parameters that are of interest and

therefore monitored in our experiments.

Recently a large-scale measurement infrastructure has been proposed in the Internet commu-
nity that allows for performance and QoS management. Features belonging to such measure-
ment infrastructure include tools and facilities that provide different kinds of performance and
traffic analysis, daemons that provide measurement requirements and data bases to store the
results. Automated Testing Solutions (ATS) Research & Consulting GmBh in Berlin is
working on such an infrastructure. Its infrastructure was used to complete our study of the
performance of Internet applications over ATM networks. This measurement infrastructure
includes facilities to analyse the factors affecting the Quality of Service of specific classes of
applications and provides for the automation of QoS analysis of selected applications under

different ATM network infrastructures (trans-Atlantic ATM and Local ATM).

Teleglobe Canada provided use of their CANTAT-3 submarine fibre cable. The CANARIE
Test Network Operations Committee (TNOC) in Canada and Deutsche Telekom and DeTe-
Berkom in Germany supported access to the CANTAT-3 via national ATM test network
facilities. The research team also had access to a local ATM testbed at the Communications
Research Centre (CRC) in Ottawa. LAN measurements provided a valuable baseline for

comparison with the measurements for the trans-Atlantic ATM WAN.

1 UPC Mechanism for VBR

The traffic parameters that can be set when using the VBR service class are the Peak Cell Rate
(PCR), the Cell Delay Variation Tolerance (CDVT), the Sustainable Cell Rate (SCR) and the
Maximum Burst Size (MBS) [Atmf96]. The PCR specifies the maximum number cells that
can arrive at an endpoint per time. The CDVT controls how much time is allowed to pass
between consecutive cells. The SCR gives the long-term average number of cells that can
arrive at an endpoint. The MBS is the maximum number of cells that can arrive on an endpoint

at the peak information rate without violating the sustained information rate. The SCR and




MBS traffic parameters enable the end-system to describe the future cell flow of an ATM
connection in greater detail than just the PCR. If an end-system is able to specify the future
cell flow in greater detail than just the PCR, then the network may be able to use the network

resources more efficiently.

An ATM connection that is set up with specified traffic parameters constitutes a traffic
contract between the user and the network. The network can enforce the traffic contract by a
mechanism known as Usage Parameter Control (UPC), better known as traffic policing. UPC
is a set of algorithms used by an ATM switch on the receipt of cells within a connection to
determine whether or not the cell stream is compliant with the negotiated traffic contract. The
Generic Cell Rate Algorithm (GCRA) is used to define conformance with respect to the traffic
contract. For each cell arrival, the GCRA determines whether the cell conforms to the traffic
contract of the connection. The UPC function may implement the GCRA, or one or more
equivalent algorifhms to enforce conformance. In general terms, the GCRA is used to define
the relationship between the PCR and the CDVT, as well as the relationship between the SCR
and the MBS. Traffic sent across ATM connections that is controlled by a UPC is sometimes
shaped using the GCRA. This ensures that cells will not be inadvertently marked as non-

conformant. Traffic shaping can also be done in the traffic source, e.g., workstation.

Conformance for a real-time-VBR (rt-VBR) or non-real-time-VBR (nrt-VBR) connection is
characterised by a SCR parameter and corresponding MBS in addition to a PCR parameter and
corresponding CDVT. Rt-VBR and nrt-VBR connections are distinguished by their QoS
parameters and by the magnitude of the MBS supported. Larger MBSs are more typical for
nrt-VBR connections. The QoS parameters are the Peak-to-peak Cell Delay Variation (CDV),
the Maximum Cell Transfer Delay (Max CTD), the Mean Cell Transfer Delay (Mean CTD)
and the Cell Loss Ratio (CLR). With rt-VBR the CLR, CDV and Max CTD are the QoS

parameters of interest while for nrt-VBR the CLR and Mean CTD are the relevant parameters.

Upon the detection of a non-conformant cell, switches in an ATM network can pass, tag, or
discard any cells that exceed the configured peak or sustained information rate. When the

tagging option is used, cells identified by the UPC function to be non-conforming are modified




by setting the CLP bit to 1. The cells that are tagged will get discarded further within the ATM
network if further congestion is experienced. When the discard option is used, cells identified

by the UPC function to be non-conforming are discarded.

2 TCP Window Control

TCP [Jaco88], [Post81] was designed to provide reliable best-effort service over a connec-
tionless network layer such as IP. The protocol mechanisms of TCP are described in the
following sub-sections along with the problems that occur when trying to ensure reasonable

performance over an ATM VBR service.

2.1 TCP Window Based Flow

TCP uses a window based flow and congestion control [Jaco88]. The maximum window that a
connection is allowed to use is called the send window. The size of the send window can be
set according to the receiver’s buffer, the user’s throughput requirements or the network
bandwidth to be used by the connection. The actual window in TCP is determined by the
minimum of the send window and the congestion window. The congestion window is
dynamically adapted to the available bandwidth-delay product by the TCP congestion control
mechanism (e.g., Slowstart, Congestion Avoidance). TCP sends traffic in a sliding window up
to 64 KB. The source has to wait until it receives an acknowledgement from the target before

sending further Packet Data Units (PDUs). TCP requires one acknowledgement per PDU.

2.2 Slowstart and Congestion Avoidance

The purpose of Slowstart and Congestion Avoidance is to adapt the PDU flow to the available
bandwidth since the transport agent has no idea of the available resources at connection
establishment. Slowstart begins with the congestion window set to one PDU. At the arrival of
an acknowledgement (ACK), the window slides by one PDU and the congestion window is
incremented by one PDU, so two PDUs are sent. This results in an exponential increase in the
number of transport layer PDUs sent over one Round Trip Time (RTT). When the congestion
window has reached the Slowstart-threshold, Congestion Avoidance takes over. A PDU is
only sent in response to an ACK as the receipt of an ACK means that a PDU has left the

network (i.e., the "conservation of packets principle"). Sending PDUs only in response to




ACKs adds a "self-clocking property” to TCP. Congestion Avoidance increases the coﬁgestion
window slightly by one PDU per RTT to determine if there is more bandwidth available
(linear increase).

Slowstart takes RTT * log2 (congestion window) seconds [Jaco88]. Slowstart can cause burst
and retransmission problems if TCP exceeds the MBS and the SCR when trying to reach the
optimal window. The TCP throughput can degrade to almost zero as the UPC discards non-
conforming cells. This causes the situation where the TCP data is retransmitted due to
timeouts and is discarded again until the TCP connection is lost due to too many timeouts
[Ano97]. In our experiments, in order to avoid such performance degradation, the traffic is

shaped at the source to ensure that the UPC mechanism does not discard any cells.

3 Objectives

In order to use ATM networks more efficiently, resources can be reserved not only for
individual connections but also for groups of connections [L.amo97] [Lamo96]. The objectives
of our experiments are to characterise voice (i.e. IP telephony) and data traffic based on their
respective QoS requirements (i.e., minimum throughput, minimum delay variance, minimum
packet loss) when different bundling strategies are used. QoS limits (thresholds) are estab-
lished for IP telephony applications and for bulk data applications for the various bundling
experiments. This investigation allows us to determine realistic resource reservation require-
ments when IP telephony applications are multiplexed with bulk data transmissions. The

bundles are built using different types of transport connections:

1. A UDP voice connection is multiplexed with an increasing number of TCP connec-
tions;
2. A TCP connection is multiplexed with an increasing number of UDP connections;

An increasing number of UDP connections are multiplexed.




4 ATM Testbeds
4.1 Trans-Atlantic Testbed Configuration

Classical IP Permanent Virtual Circuits (PVCs) supporting VBR service were established .
between CRC in Ottawa and DeTeBerkom in Berlin. The Classical IP PVCs use Logical Link
Control/Subnetwork Attachment Point (LLC/SNAP) encapsulation as specified in RFC 1483 .
[Hein93] and are supported per RFC 1577 [Laub94]. The Internet-Protocol-to-ATM address |
translation table entries were programmed manually. The IP traffic destined for the remote

host was sent via the FORE ATM Adapter card, located in the Solaris workstation at CRC and
DeTeBerkom, on the specified Virtual Channel Identifier (VCI) and Virtual Path Identifier

(VPI) using the ATM Adaptation Layer (AAL) type 5. The Maximum Transmission Unit

(MTU) was set to 9180 bytes. A round trip time delay (RTT) of 103 msec was observed

throughout the measurements. The PCR and SCR were set to 6 Mb/s and 2 Mb/s. The CDVT

and MBS were set to their default values. For instance, in the MainStreetXpress 36170

switches the CDVT was set to 250 msec while the MBS was set to 32 cells. The default traffic

policing values were selected. The MainStreetXpress 36170 switches for example were set to

discard any non-conforming cells. The PCR in the Fore ATM Adapter card was set to 1594

Kbits/s. Traffic was submitted to the network such that the PCR in the Fore card was not

exceeded. The IP traffic was segmented/reassembled into ATM cells in the FORE card and

sent on the trans-Atlantic link as shown in Figure 1. A trans-Atlantic submarine fibre cable

system, the CANTAT-3 [Lamo96] interconnected CA*net II, the Canadian national ATM

network, with Deutshe Telekom the German ATM network.
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Figure 1: Trans-Atlantic ATM infrastructure

4.2 Local ATM Testbed Configuration

Classical IP PVCs supporting VBR service were established in a ATM LAN at CRC in
Ottawa. The Classical IP PVCs use LLC/SNAP encapsulation as specified in RFC 1483 and
are supported per RFC 1577. The Internet-Protocol-to-ATM address translation table entries
were programmed manually. The IP traffic destined to the remote host was sent via the FORE
ATM Adapter card, located in the Solaris workstations at CRC, on the specified VCI and VPI
using AAL type 5. The MTU size was set to 9180 bytes. A RTT of 2 msec was observed

throughout the measurements.




Local ATM Infrastructure

Figure 2: Local ATM infrastructure




5 Advanced Toolset for Measurement of ATM Networks - CM
Toolset

5.1 CM Toolset

The Protocol Tuning Box (PROTB) [Milo95], [Milo97] presented at the Workshop for new
Multimedia Protocols in Salzburg, 1995, introduced new aspects for measuring applications
and protocols. It allows for instance the automation of measurements with different protocol
parameters and network configurations.
The CM Toolset is an extension of the PROTB and uses an object-oriented approach (based on
application and networking components) to measuring the performance of application classes
and their specific QoS. It is based on a remote test measurement infrastructure that allows
distributed measurements within different kinds of networking components. CM ' toolset
includes:
1. GUI for the manipulation of remote measurement objects (network configuration,
specification of application classes and their bundling, protocol parameter settings);
2. Daemons for remote execution of measurement tasks between the specified objects;
Local performance evaluation system and a simple data base to store measurement

results.

5.2 Protocol Tuning Box

The main part of the actual CM Toolset version is the Protocol Tuning Box. It allows the
automation of the performance analysis of application classes based on the UDP and TCP

protocols.

5.2.1 Setting of Network Architecture

The Protocol Tuning Box provides an object-oriented approach for specifying measurement
components. The application class is defined with its entities, for instance data transfer with
the sending and receiving entities. The user assigns a host address to each entity when the
entities are created. Depending on the application class, further parameters such as traffic
characteristics (distributions to describe Transport Service Data Units (TSDU) lengths and

interarrival times) and underlying protocol (TCP, UDP) can be specified. For data transfer all




parameters are given at the sending entity. The CM Toolset allows different configurations of
such application entities, for example point-to-point, bundling of application classes, to be
specified. The following picture specifies a bi-directional data transfer for a specific network

architecture:

!|8e1 ection of Commumcatmn Too1 set Functwn Iretwork Conﬁgura’t'(on |

-
[app1ication |[Performance |[Protocol Tuning |[Trace & Traffic |
Successfu] Test Execution 10 .

08 ﬂu fh—fL-q ac.at €193.170.110,192]

: und]mq of Connections: 1
| fultiple Connections: | Fred.dgrc.doc.ca (142.92.95.110)
Receiver

Numbwr T5
| Test Humber: 1

2.92,95.

atmo6.tks. fh-sbg.ac.at (193.170.110.192)
Receiver

Figure 3: Bidirectional data transfer

More measurement definition parameters can be viewed in Figure 3. For instance, the user can
give the number of measurements for the specified test suites in order to obtain mean values

and standard deviations of the measured statistic. .
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Furthermore, it is possible to specify the transferred data volume as either the number of bytes

or the number of TSDUSs. -

5.2.2 Specification of Application Classes and QoS Analysis

Application classes are described with their traffic characteristics. The menu of the Protocol
Tuning Box allows the specification of distributions for the TSDU sizes and the TSDU
interarrival times of applications. The system will be enhanced in the near future with session

modelling. An example of a traffic specification currently supported by the CM Toolset is

shown in Figure 4.

fred, dgre.doc. ca (142,92
Sender

Bundling of Conn
Multiple Connectic atmo6. tks.fh-sbg.ac.at (193.170.11
Window: 4 Receiver

Exponsntial TSDU: W

Bivalue In , Interval-B: O ms H: O,

Number TSD
Test Mumbe

Figure 4: Example of traffic specification using the CM Toolset

Currently only point-to-point and point-to-multipoint application traffic can be modelled,
which is enough to support a wide area of application classes such as bulk data transfer,
Internet telephony, real-time audio and video. -

The application traffic characteristics are specified for the active sender of the application

traffic. The QoS measurements of a specified application class and the protocol used for the

11




provision of its communication service will depend on the specified application class. Bulk
data transfer, i.e. file transfer, is used with the TCP protocol [Post81]. The CM Toolset
calculates the throughput for TCP application classes. For UDP application classes, such as

real-time video and Internet Telephony, the packet loss rate is evaluated.

5.2.3 Bundling of Application Classes

The Protocol Tuning Box supports different approaches for bundrlingr of application classes.
The simplest way is to bundle application classes with the same traffic characteristics. For this
purpose the menu item ‘‘Bundling*‘ can be used.

Bundling of different application classes can be specified by invoking the ‘‘New bundle*

menu item. Figure 5 shows an example for bundling several application classes and sessions.

12
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Figure 5: Bundling of application classes and sessions

5.2.4 Setting of Protocol Parameters

The user of the CM Toolset can select the protocol for the emulation of the service with the
menu item “Protocol”. Currently, TCP and UDP protocols are supported. For TCP, the

window size parameter is required (menu item “Window").
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5.2.5 Incremental Parameter Measurements

The CM Toolset allows the user to automate measurements with varying parameters. This is
called incremental measurements. From the menu items for incremental parameter settings, the
user can get the first value and the distribution to calculate and evaluate the increments.
Currently, incremental measurements are provided for the window size, the number of
bundled connections and the TSDU size. Figure 6 illustrates the settings for incremental

TSDU size measurements:

2

e

[Selection of Communication Toolset Function ||Network Configuration |
—=-
[Application |[Performance |[Protocol Tuning |[Trace & Traffic |
Successful Test Execution 17 -

fred.dgrc.doc. ca (142,92,95.110)
Sender

Eundling of Connections: 1
Multiple Connactions: 1

atmos.tks.fh-sbg.ac.at (193.120,110.192)
Receiver

c 1024 By Incr Numb: 4

I'J unber TSMs:
Test Wumber: 1

Figure 6: Incremental measurement scenario

The increment shows the number of bytes that will be added with each new measurement. The

increment number defines the number of incremental measurements.
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6 Characterisation of voice and data when the SCR is restricted

The focus of these measurements is to determine efficient strategies for using ATM resources
efficiently when UDP and TCP traffic are multiplexed onto one Virtual Channel Connection
(VCC). The emulated applications include bulk data and real time voice, i.e. Internet Teleph-
ony. Traffic is shaped at the source by limiting the peak rate at the end-system to that of the
SCR for the connection which is set to 2 Mbits/s. This ensures that the SCR is not exceeded
and that cells are not discarded. The PCR in the FORE card is set to 1594 kb/s.

The voice traffic is sent using the UDP protocol with a TSDU size of 80 bytes and a constant
interarrival time of 10 ms. The duration of the UDP session was set to 3 minutes. Typical bit
rates used for Internet Telephony vary from 8 to 12 kb/s. In our experiments, the worse case

scenario is selected.

80 [Byre]
0.01 [s]

=8000[Byte/ s |= 64[kBit / 5]
The TCP traffic consists of bulk data with no interarrival time. The number of TSDUs was
calculated such that the duration of the TCP session was 3 minutes. Again a worse case

scenario is selected for the bulk data were no interarrival time is considered between TSDUSs.

The Adtech AX/4000 ATM test system [Adt97] was used to measure the cell delay variations
and the CM Toolset to obtain the throughput and byte loss measurements at the transport level.
The CM Toolset did not provide the facility to obtain the end-to-end delay. Consequently, this

measurement has not been considered in this current study.
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6.1 Trans-Atlantic Measurements

The trans-Atlantic measurement were completed using a Classical IP PVC supporting VBR as
described in section 4.1. Several measurement test scenarios in which TCP and UDP traffic
were multiplexed were considered. The bundles were built using different types of transport

connections:

1. A bulk data session (TCP) is multiplexed with an increasing number of voice sessions
(UDP).

2. A voice session (UDP) is multiplexed with an increasing number of bulk data sessions
(TCP).

3. An increasing number of voice sessions (UDP) are multiplexed.

Several measurement test scenarios in which TCP and UDP traffic were multiplexed were
considered. As the number of connections increased, the mean value of the throuhput was
calculated by summing the throughput of each connection belonging to the same transport
connection type and dividing the result by the number of connections. For instance, when
bundling one TCP connection with an increasing number of UDP connections, the mean value
of the UDP throughput was calculated by summing the throughput of each UDP connection

and dividing the result by the number of UDP connections.
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6.1.1 Bundling one TCP connection with an increasing number of UDP connec-
tions

Measurement Scenario:

Goal e TCP Throughput vs. number of UDP

Description bundles

e UDP Throughput vs. number of UDP
bundles

e UDP loss rate vs. number of UDP
bundles

Test tool CM-Toolset, Protocol Tuning Box,Adtech

AX/4000 ] _

Applications Bulk data (TCP), 64 kbps audio stream

(UDP)

Protocols TCP, UDP

TCP Constant TSDU length: 4 Kbytes,
Traffic Parameters 8 Kbytes, 10 Kbytes and 20 Kbytes
TSDU interarrival: 0 ms (unconstrained
traffic)
Number of TCP TSDUs: variable
UDP Constant TSDU length: 80 bytes
TSDU interarrival: 10 ms
Number of TSDUs: 18000 (3 minutes
duration at 64 kb/s)
Number of UDP| 1,2,3,4,6,8,12,16
Bundles
Sender Workstation: endor-cip
SPARC-10, Solaris 2.5.1, Berkom
Germany
NIC: ForeRunner SBA-200

Peak cell rate: 1594 kb/s (limitation
of the FORE card)
Receiver Workstation: fred-cip
SPARC-10, Solaris 2.4, CRC Canada
NIC: ForeRunner SBA-200

Peak cell rate: 2000 kb/s
ATM WAN VBR PVC connection
PCR = 6 Mbits/s MBS = 32 cells
SCR =2 Mbits/s CDVT = 250 msec

ATM Link OC-3c (155.52 Mb/s ), T3 (45Mb/s)
RTT 103 ms

Adaptation Layer ATM AAL 5, MTU 9180 Bytes

Data See Appendix A, Tables 5 through 16

Details
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Observations for figure 7} : *f?{; PFe
if-?"%ﬁii_

In Figure 7 one can see the effect of an incigasing number of multiplexed voice connections

(UDP) on the bulk data (TCP) throughput. The RTT delay and the window size affect the

throughput of a TCP connection. When bundling one TCP. connection with several UDP

connections, the TCP throughput is also affected by the time required to send the UDP traffic,

as show in Figure 12. That is:

Window _ Size

TCP _Throughput =
Trce + Tupp

With different window sizes, different levels of throughput are achieved [Lamo96a]. It is clear,
from Figures 7(a) through 7(d) that the throughput achieved by the TCP connection is greater

when larger window sizes are used.

L ]

TTCP

(b)

Figure 12 Bundling one TCP connection with many UDP connections on an ATM WAN
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From figure 12(a) and 12(b), we can see that the TCP throughput is affected by the time
required to transmit a complete window (Trcp) and the time it takes to send the UDP informa-
tion (Typp) before the next TCP window is sent.

The peak rate of the FORE card was set to 1594 kb/s, that is, 194.58 KB/s. With ATM we
have 5 bytes of overhead per cell, thus the maximum data throughput is 176.22 KB/s.

When using a large window size (i.e. 50 KB or 32 KB window size), the TCP throughput is
almost 160 KB/s, which is close to the connection’s bandwidth limit. For these cases, the time
it takes to send one window (Trcp = 280 ms for a window size of 50 KB and Trcp = 180 ms for
a window size of 32 KB) is greater than the RTT (103 ms for the trans-Atlantic link), thus a
maximum throughput can be achieved.

As the number of UDP bundles increases, the TCP throughput decreases because the required

time to transmit the UDP (Typp) increases as shown in figure 12(a) and 12(b).

Observations for figure 8:

The throughput of each UDP audio stream is 64 kb/s or 7.81 KB/sec. As we can see in Figures
8(a) through 8(d), we can bundle up to four UDP audio connections with one TCP connection
and maintain the required 7.81 KB/s for the UDP connections, independently of the TCP
TSDU length and TCP window size used.

For all scenarios, when one TCP connection is bundled with several UDP audio connections, a
better UDP throughput performance is always obtained when smaller window sizes for the
TCP connection are used. This can be explained in terms of the time, Trcp, required to send
one complete TCP window. To achieve a 64 kb/s data rate, each UDP TSDU, 80 bytes in size,
is transmitted every 10 ms. As the TCP window size is increased, the required time to transmit
the window, Trcp, increases as shown in Figure 12. A large Trcp increases the delay of the
UDPs, as they are required to wait while the TCP window is being sent, and therefore a lower
UDP throughput is achieved. When a small window size is used, as opposed to a large
window, the TCP throughput is naturally lower. Thus, more bandwidth is available on the link

for the UDP connections and this provides a better UDP throughput performance.
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Observations for figure 9:

One can notice from Figures 9(a) through 9(d), that when one TCP connection is bundled with
an ihcreasing number of UDP audio streams, there is a tendency of increased UDP loss rate as
the number of UDP bundles increase. In most cases, the loss rate is less than 0.5 %. Packet
loss rates between 1 and 10% can be tolerated, depending on the manner in which voice is
coded and missing packets masked [Ramj94]. Therefore in our scenario, the performance
parameter that becomes a critical factor is the delay encountered by the UDP TSDUs as they

are being transmitted.
Observations for figure 10 and 11:

Figures 10 and 11 show the cell interarrival time, in milliseconds, for a sequence of 100 ATM
cells of one UDP connection when an increasing number of UDP connections are bundled
with one TCP connection. All UDP connections are being generated with a TSDU size of 80
bytes every 10 ms. The TCP session was created using a TSDU size of 8 KB and a window
size of 16 KB for Figure 10 and 50 KB for Figure 11. 7

Mean Standard
UDP Bundles Interarrival Deviation
(ms)
1 10.31 17.25
2 9.89 17.26
3 10.43 17.88
4 10.61 18.25
6 11.49 15.93
8 11.27 18.20

Table 1 Mean cell interarrival times and corresponding standard deviations

Two case studies have been considered. Case 1: one TCP session set to a TSDU size of 8 KB

and a window size of 16 KB. Case 2: one TCP session set to a TSDU size of 8 KB and a
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window size of 50 KB. For the two cases, we calculated the mean interarrival time and the
standard deviation (Table 1 and Table 2). From Table 1 it is clear that the cell interarrival
times increase as the number of UDP bundles increase. Note also that the standard deviation
increases as the number of UDP bundles is increased.

These results show that when four UDP connections are bundled with one TCP connection,
the cell interarrival time variation for the UDP connection is 0.61 ms from the optimum value
of 10 ms. When six and eight UDP connections are bundled with one TCP connection, the cell
interarrival time is greater than the expected 10 ms. This observation corresponds with the
observation made on Figure 8, where it was shown that up to four UDP connections can be
bundled with one TCP connection and the UDP throughput can still be maintained to the
required rate of 7.81 KB/s. ‘

Mean Standard
UDP Bundles Interarrival Deviation
(ms)
1 10.53 : 21.75
2 10.59 21.25
3 10.50 22.02
4 10.97 22.11
6 10.85 20.22
8 12.85 22.62

Table 2 Mean cell interarrival times and corresponding standard deviations

From Table 2 it is clear that the cell interarrival times also increase as the number of UDP
bundles is increased. This same relationship holds for the standard deviation. It increases as
the number of UDP bundles is increased. Comparing the results in Table 2 with the ones in
Table 1, one sees that the mean cell interarrival time is closer to the expected 10 ms, but the
standard deviation is greater than that obtained in Table 1. Therefore the use of a larger TCP
window size causes the interarrival times for cells carrying the UDP traffic to increase. More

TCP traffic is sent on the TCP connection before any data is sent on a UDP connection.
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6.1.2 Bundling one UDP connection with an increasing number of TCP connec-

tions

Measurement Scenario:

. Goal
Description

e TCP Throughput vs. number
bundles

e UDP Throughput vs. number of TCP
bundles

of TCP

Test tool

CM-Toolset, Protocol
Adtech AX/4000

Tuning Box,

Applications

Bulk data (TCP), 64 kb/s audio stream
(UDP)

Protocols

TCP, UDP

TCP
Traffic Parameters

Constant TSDU length: 4 Kbytes, 8
Kbytes, 10 Kbytes and 20 Kbytes

TSDU interarrival: 0 ms (unconstrained
traffic)

Number of TSDUs: variable

TCP Bundles

1,2,3,4,6,8,10

UuDP

Constant TSDU length: 80 bytes

TSDU interarrival: 10 ms

Number of TSDUs: 18000 (3 minutes
duration at 64 kb/s)

Sender

Workstation: endor-cip

SPARC-10, Solaris

Germany

NIC: ForeRunner SBA-200
Peak Cell Rate: 1594 kb/s

2.5.1, Berkom

Receiver

Workstation: fred-cip

SPARC-10, Solaris 2.4, CRC Canada

NIC: ForeRunner SBA-200 o
Peak Cell Rate: 2000 kb/s

ATM WAN

VBR PVC connection
PCR = 6 Mbits/s MBS = 32 cells
SCR = 2 Mbits/s CDVT = 250 msec

ATM Link

OC-3¢ (155.52 Mbits/s ) T3 (45 Mb/s)

RTT

103 ms

Adaptation Layer

ATM AAL 5, MTU 9180 Bytes

Data

Details

See Appendix B, Tables 17 through 24
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(a) TCP TSDU SIZE 4 KB

(b) TCP TSDU SIZE 8 KB
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Figure 13: TCP Throughput vs. number of TCP bundles for different TCP TSDU lengths: (a) 4
KB, (b) 8 KB, (c) 10 KB and (d) 20 KB on an ATM WAN
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Observations for figure 13:

From Figures 13(a) through 13(d) we can see that when several TCP connections are bundled
with one UDP audio stream, the TCP throughput decreases as the number of TCP connections
increases. This can be explained in terms of the bandwidth required by each TCP connection
and the delay incurred by the UDP connection. As more TCP connections are bundled, the
total link bandwidth must be shared between the TCP sessions. On the other hand, while the
TCP information is being sent, the UDP information must wait to be transmitted, thus
increasing the UDP delay and Typp which directly affects the TCP throughput, Figure 12. All
these factors affect the throughput of each TCP connection. Also, as the number of TCP
processes in the transmitting workstation increases, the end-system takes longer to address the

TCPs requests for data transfer.

Observations for figure 14:

From Figure 14(a) through 14(d) we can see that up to two TCP connections can always be
bundled with one UDP without affecting the required 7.81 KB/s throughput for the UDP audio
stream. With the TCP window size set to 8 or 16 KB, the number of TCP bundles can be
increased to three without affecting the UDP throughput performance. Additionally up to six
TCP connections can be bundled with one UDP audio stream without considerably affecting

the UDP throughput performance by setting the window size to 8 Kbytes.

The reason why more TCP connections with a small window size can be bundled with one
UDP audio stream without affecting the UDP throughput performance is that the TCP
throughput is lower when using a smaller window size than when a larger window size is used.
Because of this the total link bandwidth can be shared with more TCP connections without

affecting the UDP connection.
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6.1.3 Bundling an increasing number of UDP connections

Measurement Scenario:

Goal e UDP Throughput vs. number of UDP
Description bundles .
e UDP loss rate vs. number of UDP
bundles
Test tool CM-Toolset, Protocol Tuning Box,
Adtech AX/4000 o
Applications 64 kbps audio stream (UDP)
Protocols UDP
UDP Constant TSDU length: 80 bytes
Traffic Parameters TSDU interarrival: 10 ms.
Number of TSDUs: 18000 (3 minutes
duration at 64 kbit/s)
UDP Bundles 1,2,3,4,6,8,10,12,14 and 16
Sender Workstation: endor-cip
SPARC-10, Solaris 2.5.1, Berkom
Germany
NIC: ForeRunner SBA-200
Peak Cell Rate: 1594 kb/s
Receiver Workstation: fred-cip
SPARC-10, Solaris 2.4 , CRC Canada
NIC: ForeRunner SBA-200 .
Peak Cell Rate: 2000 kb/s
ATM WAN VBR PVC connection
PCR = 6 Mbits/s MBS = 32 cells
SCR =2 Mbits/s CDVT = 250 msec
ATM Link OC-3c¢ ( 155.52 Mbits/s ) T3 (45 Mb/s)
RTT 103 ms
Adaptation Layer ATM AAL 5, MTU 9180 Bytes
Data See Appendix C, Table 25 and 26
Details
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Observations for figure 15:

In the WAN measurements, the number of UDP audio streams that can be bundled is affected
by the PCR limit. For the trans-Atlantic measurements, the PCR in the FORE card was set to
1594 kb/s or 194.58 KB/s. Each UDP voice session has a data rate of 64 kb/s or 7.8 KB/s.
During our measurements, each UDP voice session was characterised by a UDP data stream
with a TSDU size of 80 bytes and an interarrival time of 10 ms. However each UDP TSDU is
encapsulated using AALS and therefore one ATM cell is required to encapsulate the UDP
header and two more ATM cells are required for the 80 bytes of UDP data. As each UDP
TSDU is sent, three ATM cells are required per TSDU, thus the actual data rate is 300 cells/s
or 15.53 KB/s per UDP connection. In Figure 15 the mean UDP throughput starts to decrease
when more than 12 UDP audio streams are sent together. This can be explained in terms of the
cell rate per UDP audio stream. Twelve audio streams require a bandwidth of 186.33 KB/s
which is under the 194.858 KB/s PVC’s bandwidth. As more UDP streams are bundled, the
PVC’s bandwidth is exhausted and the UDP throughput performance is affected and a lower
throughput is obtained.

Observations for figure 16: .

For the WAN measurements up to 16 UDP bundles were multiplexed. In every scenario the
loss rate was less than 1%. From Figure 16, it is clear that there is an increase in cell loss as
the number of UDP bundles is increased. This can be explained in terms of the workload that
is generated at the receiving station. As more UDP connections are being bundled the
Operating System’s scheduler at the receiving workstation must deal with more UDP
connections, therefore some of the UDP information gets discarded by the Kernel buffer

and/or the ATM device buffer as it is not serviced in time.
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6.2 LAN Measurements

The LAN measurements were done using a Classical IP PVC supporting VBR as described in
section 4.1. Several measurement scenarios were tested for multiplexing TCP and UDP traffic.

The bundles are built using different types of transport connections:

e A bulk data session (TCP) is multiplexed with an increasing number of voice sessions
(UDP).

e A voice session (UDP) is multiplexed with an increasing number of bulk data sessions
(TCP).

e An increasing number of voice sessions (UDP) are multiplexed.

As in the WAN measurements, the mean value of the throuhput for the same types of transport
connections is calculated by summing the throughput of each connection and dividing the
result by the number of connections. For instance, when bundling one TCP connection with an
increasing number of UDP connections, the mean value of the UDP throughput was calculated
by summing the throughput of each UDP connection and dividing the result by the number of

UDP connections.

34




6.2.1 Bundling one TCP connection with an increasing number of UDP connec-

tions

Measurement Scenario:

Goal
Description

e TCP Throughput vs. number of UDP
bundles

e UDP Throughput vs. number of UDP
bundles

e UDP loss rate vs. number of UDP
bundles

Test tool

CM-Toolset, Protocol Tuning Box,Adtech
AX/4000

Applications

Bulk data (TCP), 64 kb/s audio stream
(UDP)

Protocols

TCP, UDP -

TCP
Traffic Parameters

Constant TSDU length: 4 Kbytes, 8
Kbytes and 20 Kbytes

TSDU interarrival: 0 ms (unconstrained
traffic)

Number of TCP TSDUs: variable

ubP

Constant TSDU length: 80 bytes

TSDU interarrival: 10 ms.

Number of TSDUs: 18000 (3 minutes
duration at 64 kb/s) _

UDP Bundles

1,2,3,4,6,8,10 _

Sender

Workstation: lucifer-cip

SPARC-10, Solaris 2.4 , CRC Canada

NIC: ForeRunner SBA-200
Peak cell rate: 1594 kb/s

Receiver

Workstation: fred-cip

SPARC-10, Solaris 2.4 , CRC Canada

NIC: ForeRunner SBA-200 .
Peak cell rate: 1594 kb/s

ATM LAN

VBR PVC connection
PCR =6 Mbits/s MBS =32 cells
SCR =2 Mbits/s CDVT =250 msec

ATM Link

OC-3c ( 155.52 Mbits/s ), T3 (45 Mb/s)

RTT

2 ms

Adaptation Layer

ATM AAL 5, MTU 9180 Bytes

Data
Details

See Appendix D, Tables 28 through 35
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(a) TCP TSDU SIZE 4 KB

(b) TCP TSDU SIZE 8 KB
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(a) TCP TSDU SIZE 4 KB (b) TCP TSDU SIZE 8 KB
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Figure 20: Cell interarrival time variation when bundling one TCP connection, using a
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bundles, (c) 3 UDP bundles, (d) 4 UDP bundles, (¢) 6 UDP bundles, (f) 8 UDP bundles on an

an ATM LAN
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Observations for figure 17:

As in the WAN, an increasing number of multiplexed UDP voice connections results in an
decrease in the TCP throughput (Figure 17). However, in the LAN case, two distinct behav-
iours have been distinguished. The first behaviour occurs when less than four UDP sessions
are bundled with a TCP session. An identical TCP throughput is reached irrespective of the
window sizes (16 KB, 32 KB, 50 KB) or the TCP TSDU sizes (4 KB, 8 KB and 20 KB). The
second behaviour, which occurs when more than four UDP sessions are bundled with a TCP
session, shows different levels of throughput achieved for different window sizes, regardless
of the TCP TSDU sizes.

TSDU 1
Trcp
TSDU 2
3 \_
‘,___-
TSDU 1
Trcp
TSDU 2 TSDU 1
+\ Trcp
TSDU 1
Trcp
TSDU 2
(@) (b)

Figure 22: Bundling one TCP connection with many UDP connections on an ATM LAN
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The peak rate of the FORE card was set to 1594 kb/s; that is, 194.58 KB/s.In an ATM cell
there is 5 bytes of overhead. Therefore the maximum data throughput is 176.22 KB/s.

The link is fully utilised on the LAN when only the TCP traffic is present (see Figure 22(a))
because of the very small RTT. If we consider only TCP traffic, the throughput can be

calculated in the following way:

Window _ Size _

TCP _Throughput = Toon
Therefore when using a window size of 50 KB, the time to send the window is Trcp = 280 ms.
For a window size of 16 KB, it takes = 90 ms to send the window. For all the window sizes
considered, the time it takes to send the window greatly exceeds the RTT delay (2 ms for the
LAN link), therefore the pipe is always full. The source scheduler is always busy sending TCP
traffic. However, since UDP sessions are bundled with a TCP session, the source scheduler
has to take into consideration the additional UDP traffic. In our system, the UDP traffic is
transmitted just after sending a whole window (see Figure 22(b)). However it should be noted
that the TCP traffic, when using a window size of 8 KB with TCP TSDU sizes of 4 KB and 8
KB, presents a different behaviour (see Figure 17(a) and Figure 17(b)). The throughput
achieved is less in the other scenarios due to the extra processing overhead that it is generated

when the TCP TSDU sizes are smaller than the window size.

When more than four UDP connections are bundled with a TCP connection, the effects of the
window size become apparent. As the number UDP connections increases, a larger gap
between the TCP “send” operations is created and the effect of different window sizes become
more significant. As the TCP window size gets larger, more TCP information is sent and the
TCP throughput achieved becomes greater. The small RTT does not favour the bundling of
UDP sessions when they exceed a certain number because the window size influences the TCP
and UDP throughput.
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Observations for figure 18:

As in the WAN case, the throughput of each UDP audio stream is 64 kb/s or 7.81 KB/s. From
Figures 18(a) through 18(c), one can notice that four UDP audio connections can be bundle
with one TCP connection without affecting the throughput of the UDP traffic, independent of
the TCP TSDU length and TCP window size used.

In addition as already observed in the WAN case, when one TCP connection is bundled with
several UDP audio connections, a better UDP throughput is obtained when smaller window
sizes are used. This situation can be explained by the fact that the sender has more network

bandwidth available for the UPD connections when smaller window sizes are used.

However, it should be noted that in the LAN results, the TCP TSDU size does not affect the
UDP throughput for any number of UDP sessions. The reason as mentioned before (see
observation for Figure 17) is the fact that the pipe gets full and the only factor which affects
the UDP throughput is the TCP window size.

If we compare the TCP and the UDP throughput, we can notice complementary results. When
larger windows are used, we get a better TCP throughput and a diminished UDP throughput.
When smaller windows are used the opposite situation occurs. This is a direct result of the
small RTT in the LAN that leads to a full pipe which is in turn governed by the window size

parameter.

Observations for figure 19:

One can notice, as in the WAN case, that when one TCP connection is bundled with an
increasing number of UDP audio streams, there is an increase of UDP loss rate as the number
of UDP bundles increases (Figures 19 (a) through 19 (d)). In most cases, the loss rate is less
than 0.25%. Although these loss rates are acceptable, the delay characteristics also have to be

considered.
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Observations for figure 20 and 21:

As in the WAN case, in order to calculate the cell inter-arrival times, we have considered a
sequence of 100 ATM cells from one UDP connection when several UDP connections are
bundled with one TCP connection. All UDP connections have been generated using a TSDU
size of 80 bytes and an interarrival time of 10 ms. Two case studies have been considered. -
Case 1: one TCP session with a TSDU size of 8 KB and a window size of 16 KB. Case 2: one
TCP session with a TSDU size of 8 KB and a window size of 50 KB. For the two cases, we

calculated the mean interarrival time and the standard deviation (Table 3 and Table 4).

Mean Inter- Standard
UDP Bundles arrival (ms) Deviation
1 10.66 20.81
2 10.25 20.46
3 10.57 19.68
4 11.07 20.50
6 12.15 16.72
8 12.08 19.42

Table 3: Mean cell interarrival time and standard deviation for the Case 1

Mean Inter- Standard
UDP Bundles arrival (ms) Deviation
1 13.00 28.67
2 13.44 27.92
3 13.83 . .. 28.65
4 14.34 26.71 i
6 14.79 35.27 ’
3 16.40 40.53

. Table 4: Mean cell interarrival time ;md standard deviation for the Case 2
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From these tables, the cell interarrival time, as well as the standard deviation, increases as the
number of UDP connections increases. In the first case, the cell interarrival delays, which are
of a few milliseconds greater than the expected 10 ms, are considered acceptable [Ram;j94].
However, the large standard deviations indicate that some cells are arriving much later than
the expected 10 ms. This statement can be confirmed by examining Figure 20 which shows
that some cells have a delay of 50 or 60 ms and even reach a delay of 115 ms. These delays

might be caused by network devices or perhaps I/O bottelnecks at the workstations or both.

The standard deviations, which reflect the cell delay variation, may not be considered
acceptable and therefore should be adjusted to meet the delay requirements of a voice stream.
One solution would be to ensure that the sending workstation discards any cells that have been
waiting too long for transmission if the I/O at the source is causing a bottelneck. One could
also use a buffer at the receiver, which would work as a regulator to smooth out the variations.
The size of this buffer would depend on the interarrival of UDP cells at the receiver and on the

end-to-end-delay [Perk98].

For larger window sizes, such us the 50 KB, the mean cell interarrival times as well as the
standard deviations are larger. This is due to the fact that more information is sent in each TCP
window and therefore the UDP connections must wait longer to be processed. The same buffer
solution, as detailed above, should be applied to meet the delay requirements of the UDP voice

traffic.

If the results obtained in the LAN (Table 3 and 4) are compared to those obtained in the WAN
(Table 1 and 2), one can notice that the delay variances are more important in the former case.
The small RTT (2 ms) in the LAN, compared to the much larger one (103 ms) in the WAN,

has the effect of saturating the receiving end-system faster.
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6.2.2 Bundling one UDP connection with an increasing number of TCP connec-

tions

Measurement Scenario:

Goal e TCP Throughput vs. number of TCP
Description bundles
¢ UDP Throughput vs. number of TCP
bundles
Test tool CM-Toolset, Protocol Tuning Box,
Adtech AX/4000
Applications Bulk data (TCP), 64 kb/s audio stream
(UDP)
Protocols TCP, UDP
TCP Constant TSDU length: 4 Kbytes, 8
Traffic Parameters Kbytes and 20 Kbytes
TSDU interarrival: 0 ms (unconstrained
traffic)
Number of TSDUs: variable
TCP Bundles 1,2,3,4,6,8,10
UDP Constant TSDU length: 80 bytes
TSDU interarrival: 10 ms
Number of TSDUs: 18000 (3 minutes
duration at 64 kb/s)
Sender Workstation: lucifer-cip
SPARC-10, Solaris 2.4 , CRC Canada
NIC: ForeRunner SBA-200
Peak Cell Rate: 1594 kb/s
Receiver Workstation: fred-cip
SPARC-10, Solaris 2.4 , CRC Canada
NIC: ForeRunner SBA-200
Peak Cell Rate: 1594 kb/s
ATM WAN VBR PVC connection
PCR = 6 Mb/s MBS = 32 cells
SCR =2 Mb/s CDVT = 250 msec
ATM Link OC-3c¢ ( 155.52 Mbits/s ) T3 (45 Mb/s)
RTT 2 ms .
Adaptation Layer ATM AAL 5, MTU 9180 Bytes
Detail Data See Appendix E, Tables 36 through 41
etails
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Figure 23: TCP Throughput vs. number of TCP bundles for different TCP TSDU lengths: (a) 4
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Figure 24: UDP Throughput vs. number of TCP bundles for different TCP TSDU lengths: (a)
4 KB, (b) 8 KB and (c) 20 KB on an ATM LAN
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Observations for figure 23: .

As in the WAN case, when several TCP connections are bundled with one UDP audio stream,
the mean TCP throughput decreases as the number of TCP connection increases (Figures 23(a)
through 23(c)). This can be explained in terms of the bandwidth required by each of the TCP
and UDP connections (see “Observation on Figure 13”). However, in the LAN case, the
curves are very similar because the link is fully utilised for all TCP TSDU sizes considered
due to the very small RTT (2 ms). However, when many TCP sessions are bundled with one
UDP session, the window size does not affect the TCP throughput. Recall that when many
UDP sessions were bundled with one TCP session (Section 6.2.1), the window size did not
have an impact on the TCP throughput. This can be explained by the fact that the link becomes
fully utilised sooner when many TCP connections are bundled and the influence of the

window size is therefore reduced.
Observations for figure 24:

Note that, just as in the WAN case, up to two TCP connections can always be bundled with
one UDP connection without affecting the required 7.8 KB/s throughput for the UDP audio
stream. When the TCP window size is set to 8 or 16 KB, the number of TCP bundles can be
increased to ten and six bundles, respectively, without affecting the UDP connection’s
throughput. (Figure 24(a) through 24(c)). The same reasoning, as in the WAN case, can be
applied to the LAN case to explain the behaviour of the UDP throughput performance: smaller
TCP window sizes yeld lower TCP throughput therefore leaving more bandwidth for the UDP
audio stream.

If the results obtained on the LAN are compared with those obtained for the WAN, it is clear
that the LAN case shows a better performance regarding the number of TCP bundles. For
instance, with a window size of 8 KB, a maximum of ten and six TCP connections, in the
LAN and WAN, respectively, can be added to the UDP traffic without affecting the UDP
connection’s performance. This difference can be attributed to the fact that the ACKs arrive
much faster on the LAN than on the WAN and as a result the end-system is able to process
more UDP traffic.
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6.2.3 Bundling an increasing number of UDP connections

Measurement Scenario:

Goal e UDP Throughput vs. number of UDP
Description bundles
e UDP loss rate vs. number of UDP
bundles
Test tool CM-Toolset, Protocol Tuning Box,
Adtech AX/4000
Applications 64 kb/s audio stream (UDP)
Protocols UDP
UDP Constant TSDU length: 80 bytes
Traffic Parameters TSDU interarrival: 10 ms
Number of TSDUs: 18000 (3 minutes
duration at 64 kb/s)
UDP Bundles 1,2,3,4,6,8,10, 12, 14, 16, 18, 20, 26
Sender Workstation: lucifer-cip
SPARC-10, Solaris 2.4 , CRC Canada
NIC: ForeRunner SBA-200
Peak Cell Rate: 1594 kb/s
Receiver Workstation: fred-cip
SPARC-10, Solaris 2.4 , CRC Canada
NIC: ForeRunner SBA-200
Peak Cell Rate: 1594 kb/s
ATM WAN VBR PVC connection
PCR =6 Mb/s MBS =32 cells
SCR=2Mb/s CDVT =250 msec
ATM Link OC-3c¢ ( 155.52 Mbits/s ) T3 (45 Mb/s)
RTT 2 ms
Adaptation Layer ATM AAL 5, MTU 9180 Bytes
Data See Appendix F, Table 38 and 39
Details
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Figure 25: UDP Throughput vs. number of UDP bundles on an ATM LAN
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Figure 26: UDP loss rate vs. number of UDP bundles on an ATM LAN
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Observations for figure 25:

As in the WAN measurements, the PCR in the FORE card was set to 1594 Kb/s (or 194.58
KB/s) and each UDP session was characterised by a TSDU size of 80 bytes and an interarrival
time of 10 ms. In the experiments, each TSDU requires three ATM cells in order to be sent.
Therefore, the effective data rate is 300 cells/s or 15.53 KB/s for each UDP connection. In
Figure 25, one can notice that the mean UDP throughput starts to decrease when more than 10
UDP audio streams are bundled.

In the WAN measurements, twelve UDP sessions were bundled without a decrease in the
mean UDP throughput. Therefore, when more than ten audio streams are bundled (equivalent
to 155.3Kb/s) with the TCP stream, the receiver’s workstation gets overloaded. In this case, -
the bottleneck becomes the workstation, instead of the PCR set in the FORE card as stated in
the WAN measurements (see “Observations for Figure 13”). This is a result of the much

smaller RTT in the LAN.

Observations for figure 26:

As seen in the WAN measurements, an increase in the number of UDP bundles, results in an
increase in the byte loss rate (Figure 26,) even though the overall loss rate did not exceed 1%.
As in the WAN case, the receiving station’s workload can be attributed to the byte loss rate

behaviour (see “Observations for Figure 14”).
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7 Conclusion

When bundles are built using only UDP connections, the mean UDP throughput starts to
decrease when more than twelve UDP audio streams are multiplexed on the WAN and when
ten UDP audio streams are multiplexed on the LAN. As soon as a bundle includes a TCP
connection the UDP throughput decreases faster. The TCP window size and the TCP slowstart
and congestion avoidance mechanisms have a direct impact on the UDP throughput. With a
large window size, for example 50 KB, up to four UDP sessions can be multiplexed, in both
the LAN and WAN case, and still maintain the required rate for the UDP connections. By
selecting a smaller TCP window size, more UDP connections can be bundled while maintain-
ing the required UDP throughput. Finally, when a bundle includes many TCP connections, the
UDP throughput decreases even faster. As the number of TCP sessions is increased, the UDP
throughput decreases. With a large window size, 50 KB, at most two TCP connections can be
multiplexed with one UDP connéction while still maintaining the required UDP’s connection
rate. Nevertheless, choosing a small window size permits up to six TCP connections to be
bundled with one UDP connection without considerably affecting the UDP connection’s
throughput performance. Another parameter that influenced the TCP and the UDP throughput
throughout our measurements was the RTT delay of the network. We observed that the smaller
the RTT, the better the UDP throughput when one UDP session is bundled with many TCP
sessions. This is due to the fact that the TCP acknowledgements are received faster and
therefore allows the source end-system to process the UDP traffic sooner. On the other-hand,
the delay variations observed on the LAN are more pronounced that in the WAN due to the

smaller RTT which has the effect of causing saturation at the end-system sooner.
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8 Abbreviations of Technical Terms

AAL
ACK
ATM
ChV
CDVT
CLR
CTD
GCRA
GUI

LAN
LLC

Max CTD
MBS
MTU
Mean CTD
NIC
nrt-VBR
PCR
PDU
PVC

QoS
rt-VBR
RTT

SCR
SNAP
TCP
TSDU
UDP .

ATM Adaptation Layer
acknowledgement
Asynchronous Transfer Mode
Cell Delay Variation

Cell Delay Variation Tolerance
Cell Loss Ratio

Cell Transfer Delay

Generic Cell Rate Algorithm
Graphical User Interface
Internet Protocol

Local Area Network

Logical Link Control
Maximum Cell Transfer Delay
Maximum Burst Size
Maximum Transport Unit
Mean Cell Transfer Delay
Network Interface Card
non-real-time-Variable Bit Rate

Peak Cell Rate

"Packet Data Unit

Permanent Virtual Circuit

Quality of Service

" real-time-Variable Bit Rate

_ Round Trip Time

Sustainable Cell Rate
Subnetwork Attachment Point

Transmission Control Protocol

. Transport Service Data Unit

“User Datagram Protocol

Usage Parameter
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VBR
VCC
VCI
VPI
WAN

Variable Bit Rate
Virtual Channel Connection
- Virtual Channel Identifier
- Virtual Path Identifier
Wide Area Network
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Appendix A: One TCP bundled with several UDP Connections on
trans-Atlantic ATM

TCP TSDU LENGTH = 4 Kbytes

UDP
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
TCP TCP TCP TCP
Throughput Throughput Throughput Throughput
[Kbytes/s] - [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 44.34 79.2 158.55 160.68
2 44.48 79.77 146.45 147.95
3 45.13 80.96 136.19 137.1
4 43.6 80.95 126.85 127.8
6 44.76 71.76 112.27 1154
8 42.53 54.69 101.89 107.45
12 29.67 53.58 84.96 100.33
16 27.99 42.32 79.71 99.5
Table 5

TCP TSDU LENGTH = 8 Kbytes

UDP
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
TCP TCP TCP TCP
Throughput Throughput Throughput Throughput
[Kbytes/s] [Kbyvtes/s] [Kbvtes/s] [Kbytes/s]
1 37.84 79.84 158.25 160.04
2 37.62 72.94 146.82 147.26
3 37.12 72.37 136.48 136.8
4 36.97 72.2 127.1 127.99
6 36.83 61.53 112.42 115.52
8 33.59 50.26 102.34 108.19
12 25.12 43.59 85.35 103.53.
16 22.96 37.32 80.56 103.21
Table 6
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UDP TCP TSDU LENGTH!: 10 Kbytes

Bundiles TCP Window | TCP Window | TCP Window | TCP Window

8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
TCP TCP TCP TCP N
Throughput Throu |hput Throughput Throughput :
[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s)

1 52.58 94.06 160.05 160.2
2 52.83 92.71 147.52 146.91
3 52.89 90.69 , 136.56 _ 136.83
4 52.96 89.34 127.38 127.59
6 52.77 75.93 112.64 114.62
8 44 .84 61.19 103.58 107.09
12 33.97 58.61 85.19 98.02
16 33.13 45.9 82.86 97.04
Table 7

UDP TCP TSDU LENGTHl = 20 Kbytes
Bundles TCP Window | TCP Window | TCP Window | TCP Window

8 Kbytes 16 Kﬁ 'tes 32 Kbytes 50 Kbyvtes

TCP TC;P TCP TCP
Throughput Throughput Throughput Throughput
[Kbytes/s] [Kbvfes/s] [Kbytes/s] [Kbytes/s]

1 54.74 99.76 159.88 160.7

2 54.6 96.25 147.87 147.68

3 54.04 95.67 137.02 137.26

4 54.11 92.19 127.61 127.98

6 53.62 76.91 112.68 115.61

8 _ 4531 62.81 103.33 108.14
12 34.86 60.35 86.15 102.74
16 33.82 47.02 83.13 101.99

Table 8
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UDP
Bundies

TCP TSDU LENGTH = 4 Kbytes
TCP Window | TCP Window | TCP Window | TCP Window
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
Mean UDP Mean UDP Mean UDP Mean UDP
Throughput Throughput Throughput Throughput

UDP
Bundles

[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 7.79 7.79 7.79 7.79
2 7.79 7.79 7.79 7.79
3 7.79 7.79 7.79 7.79
4 7.79 7.78 7.79 7.78
6 7.78 7.78 7.78 6.91
8 7.78 7.78 6.76 6.1
12 6.8 6.46 5.79 5.13
16 6.1 5.77 5.05 4.59
Table 9

TCP TSDU LENGTH = 8 Kbytes
TCP Window | TCP Window | TCP Window | TCP Window

8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
Mean UDP Mean UDP Mean UDP Mean UDP
Throughput Throughput Throughput Throughput

[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 7.8 7.8 7.79 7.79
2 7.79 7.8 7.79 7.79
3 7.8 7.79 7.79 7.78
4 7.8 7.79 7.79 7.78
6 779 7.79 7.78 6.72
8 7.79 741 6.79 6.02
12 6.41 5.88 5.77 5.06
16 5.46 5.14 503 4.56
Table 10
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|
UDP TCP TSDU LENGTH = 10 Kbytes
Bundies TCP Window | TCP Window | TCP Window | TCP Window

8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
Mean UDP Mean UDP Mean UDP Mean UDP
Throughput Throughput Throughput Throughput

[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 7.79 7.79 ) 7.79 7.79
2 7.79 7.79 7.79 7.79
3 7.79 7.78 7.79 7.78
4 7.79 7.78 7.78 7.78
6 7.78 7.78 7.78 7.05
8 7.77 7.76 6.73 6.23
12 6.78 6.4 5.69 5.25
16 6.06 . .5.75 4.98 4.67
Table 11

UDP TCP TSDU LENGTH = 20 Kbytes

Bundies TCP Window | TCP Window | TCP Window | TCP Window
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
Mean UDP Mean UDP Mean UDP Mean UDP

Throughput Throughput Throughput Throughput
[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]

1 7.79 7.79 7.79 7.79
2 7.79 7.79 . 7.79 7.79
3 7.79 7.79 7.79 7.78
4 7.79 7.78 7.78 7.78
6 7.78 7.78 7.76 6.82
8 7.78 7.71 6.69 ' 6.08
12 6.78 6.4 5.74 5.11
16 6.04 5.75 4.97 4.58
Table 12




UDP TCP TSDU LENGTH = 4 Kbytes
Bundies TCP Window | TCP Window | TCP Window | TCP Window
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
Mean UDP Mean UDP Mean UDP Mean UDP
Loss Rate Loss Rate Loss Rate Loss Rate
[To] [%] [%] [ %]
1 0 0 0 0
2 0.01 0.01 0 0
3 0.03 0.03 0.02 0
4 0.06 0.04 0.08 0.04
6 0.09 0.11 0.09 0.08
8 0.14 0.08 0.17 0.14
12 0.25 0.17 0.18 0.28
16 0.18 0.13 0.15 0.15
Table 13

UDP TCP TSDU LENGTH = 8 Kbytes

Bundles TCP Window | TCP Window | TCP Window | TCP Window

8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
Mean UDP Mean UDP Mean UDP Mean UDP

Loss Rate Loss Rate Loss Rate Loss Rate

[%] [%] [T] [%]
1 0 0 0 ' 0
2 0 0.01 0.03 0.01
3 0.01 0.01 0.01 0.05
4 0.07 0.11 0.03 0.06
6 0.13 0.07 0.15 0.07
8 0.12 0.14 0.14 0.06
12 0.2 0.19 0.15 0.18
16 0.21 0.12 0.18 0.13

Table 14




|
UDP TCP TSDU LENGTH = 10 Kbytes

Bundles TCP Window | TCP W?ndow TCP Window | TCP Window
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes

Mean UDP Mean UDP Mean UDP Mean UDP
Loss Rate Loss f{ate Loss Rate Loss Rate
[%] [%] [%] [%]

1 0 0 0 0
2 0 0 0.02 0
3 0.01 0.02 0.05 0.01
4 0.04 0.02 0.04 0.05
6 0.12 0.11 0.13 0.12
8 0.07 0.12 0.17 0.13
12 0.23 0.17 0.21 0.19
16 0.21 0.11 0.14 0.21
Table 15

UDP TCP TSDU LEN(:‘uTHi = 20 Kbytes

Bundies TCP Window | TCP Window | TCP Window
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
Mean UDP Mean ;UDP Mean UDP Mean UDP
Loss Rate Loss Rate Loss Rate Loss Rate

[%] [%] [%] [%]

1 0 0 0 0
2 0 0.01 0 0
3 0.06 0.01 0.01 - 0.01
4 0.03 0.02 0.05 0.05
6 0.08 0.12 0.09 0.12
8 0.19 0.12 0.14 0.19
12 0.21 0.17 0.17 0.17
16 0.13 0.2 0.53 0.53
Table 16




Appendix B: One UDP bundled with several TCP connections on
trans-Atiantic ATM

TCP TCP TSDU LENGTH = 4 Kbytes
TCP Window | TCP Window
Bundles 8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
Mean TCP Mean TCP Mean TCP Mean TCP
Throughput Throughput Throughput Throughput
[Kbytes/s] [Kbyvtes/s] [Kbytes/s] [Kbytes/s]
1 42.21 64.63 65.17 160.18
2 41.35 45.32 44.63 43.28
3 32.15 18.94 23.09 21.2
4 21.12 14.01 13.73 13.66
6 10.27 8.07 9.95 8.74
8 6.54 5.94 6.29 6.49
10 4.62 4.53 4.66 4.87
Table 17

TCP TCP TSDU LENGTH = 8 Kbytes

TCP Window | TCP Window
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
Mean TCP Mean TCP Mean TCP Mean TCP
Throughput Throughput Throughput Throughput

‘Bundles

63

[Kbyvtes/s] [Kbyvtes/s] [Kbytes/s] [Kbytes/s]
1 41.35 73.18 94.18 159.02
2 36.41 62.98 44,69 4441
3 31.05 35.08 29.85 29.75
4 22.56 14 15.9 15.77
6 11.24 8.22 8.52 9.18
8 7.28 6.16 7.7 6.69
10 5.05 4.55 5.58 5.66
Table 18




I ,
TCP TCP TSDU LENGTH = 10 Kbytes

TCP Window TCP WFndow TCP Window TCP Window
Bundles 8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes

Mean TCP Mean I'TCP Mean TCP Mean TCP
Throughput Throughput Throughput Throughput
[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 39.16 90.15 152.16 153.5
2 39.51 78.89 49.99 59.06
3 33.65 24.5 19.37 20.55
4 24.36 11.87 14.51 13.63
6 11.07 6.98 9.09 9.03
8 6.77 5.61 6.13 6.79
10 4.38 4.39 4.8 6.12
Table 19
TCP Window TCP Window
Bundles 8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
Mean TCP Mean TCP Mean TCP Mean TCP
Throughput Throughput Throughput Throughput
[Kbytes/s] [Kbytes/s] [Kbytes/s}] [Kbytes/s]
1 53.08 19391 79.17 717.97
2 52.46 43.2 32.8 31.33
3 28.74 16.85 18.48 18.77
4 20.19 11.41 13.36 13.57
6 9.5 7.52 8.76 9.02
8 428 5.94 5.56 6.31
10 4.54 4.34 4.49 4.54
Table 20
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TCP TCP TSDU LENGTH = 4 Kbytes
TCP Window | TCP Window | TCP Window | TCP Window

Bundles 8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes

UuDpP [8)0) UDP UDP
Throughput Throughput Throughput Throughput

[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 7.78 7.8 7.78 7.79
2 7.79 7.79 7.79 7.78
3 7.79 7.79 6.88 6.68
4 7.79 7.53 5.98 5.96
6 7.79 5.15 5.37 4,99
8 6.8 4.75 4.7 4.67
10 5.48 3.77 3.75 3.92

Table 21
TCP Window | TCP Window | TCP Window | TCP Window
Bundies
ubDp [8)0) 3 UDP UDP
Throughput Throughput Throughput Throughput

[Kbytes/s] [Kbytes/s] [Kbvtes/s] [Kbytes/s]
1 7.77 1.79 7.79 7.79
2 7.79 7.8 7.79 7.79
3 7.79 7.79 7.79 7.79
4 7.79 7.49 5.91 5.8

6 7.79 5.28 5.23 5.3
8 7.69 4.83 4.69 4.76
10 5.76 3.83 4 4.32
Table 22
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TCP

Bundies

TCP Window
8 Kbytes
UDP
Throughput
[Kbytes/s]

|
TCP TSDU LENGTH = 10 Kbytes

TCP Window
16 Kbytes
UDP
Throughput
[Kbytes/s]

TCP Window
32 Kbytes
UubDpP
Throughput
[Kbytes/s]

TCP Window

50 Kbytes
UubDpP

Throughput
[Kbytes/s]

TCP

Bundles

TCP Window
16 Kbytes
UI?P
Throughput
[Kbytes/s]

1 7.79 7.8 7.78 7.79
2 7.78 7.79 7.79 7.79
3 7.79 7.79 6.06 5.72
4 7.78 6.24 5.33 5.01
6 7.78 4.38 3.95 3.98
8 7 3.93 3.9 3.89
10 5.1 3.85 3.8 3.92
Table 23

|
TCP TSDU LENGTH = 20 Kbytes

TCP Window
8 Kbytes
UDP
Throughput
[Kbytes/s]

TCP Window
32 Kbytes
UDP
Throughput
[Kbytes/s]

TCP Window

50 Kbytes
UDP
Throughput
[Kbytes/s]

1 7.79 7.79 7.79 7.78
2. 7.78 7.8 7.78 7.69
3 7.79 7.79 6.23 6.25
4 7.79 6.09 5.42 5.36
6 7.78 5.07 4.66 4.67
8 5.18 4.02 3.88 3.77
10 5.18 3.81 3.89 3.77
Table 24
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Appendix C: UDP bundled connections on trans-Atlantic ATM

UDP Bundles 2 Mbps
[Kbytes/s]

1 7.8
2 7.79
3 7.79
4 7.79 -
6 7.8
8 7.8
10 7.79
12 7.78 o
14 4.11
16 3.57
Table 25
UDP Bundles 2 Mbps
Mean UDP Loss

Rate

[%]
1 0
2 0
3 0.02
4 0.02
6 0.05
8 0.09 )
10 0.18
12 024 |
14 0.22
16 0.34

Table 26
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Appendix D: One TCP bundled with several UDP Connections on
LAN ATM

|
TCP TSDU LENGTH = 4 Kbytes

uUbpP
Bundles TCP Window TCP Window | TCP Window
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
TCP TC TCP TCP
Throughput Throughput Throughput Throughput
[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 105.42 140.81 139.22 140.17
2 99.68 129.18 128.1 128.52
3 99.28 118.93 117.82 118.93
4 04.94 110.89 109.89 110.73
6 79.32 96.85 95.47 100.42
8 65.25 86.44 87.44 94 .27
10 58.16 78.08 79.98 90.91
Table 27

e
UDP TCP TSDU LENGTH = 8 Kbytes

Bundles TCP Window | TCP Window
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
TCP TCP TCP TCP
Throughput Throughput Throughput
[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 79.76 114097 139.4 140.16
2 79.75 ' 129.34 128.45 128.24
3 79.76 119.31 119.1 119.09
4 79.7 110.75 110.82 110.51
6 72.49 96.8 95.9 101.3
8 54.63 84.23 88.35 94.89
10 47.09 76.87 80.36 93.72
Table 28
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UDP
Bundles
8 Kbytes
TCP

Throughput
[Kbytes/s]

TCP Window

TCP Window

16 Kbytes
TCP
Throughput
[Kbytes/s]

TCP TSDU LENGTH = 20 Kbytes
TCP Window

32 Kbytes
TCP
Throughput
[Kbytes/s]

TCP Window
50 Kbytes
TCP
Throughput
[Kbytes/s]

1 140.35 140.68 140.42 141.21
2 128.72 129.12 129.02 128.86
3 118.76 119.15 119.25 119.46
4 110.15 110.78 110.73 111.01
6 95.88 96.68 97.06 100.94
8 84.9 86 89.61 94.61
10 _ 77.02 78.42 81.42 92.4
Table 29

UDP TCP TSDU LENGTH = 4 Kbytes
Bundles TCP Window | TCP Window | TCP Window | TCP Window
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
Mean UDP Mean UDP Mean UDP Mean UDP
Throughput Throughput Throughput Throughput
[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 7.79 7.79 7.79 7.79
2 7.78 7.79 7.79 7.79
3 7.78 7.79 7.79 7.78
4 7.78 7.78 7.78 7.78
6 7.77 7.77 7.72 6.67
8 7.73 7.75 6.62 5.95
10 7.31 6.85 6.13 5.36
Table 30




|
UDP TCP TSDU LENGTH = 8 Kbytes
Bundles TCP Window | TCP Window | TCP Window | TCP Window

8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
Mean UDP Mean ;UDP Mean UDP Mean UDP
Throughput Throughput Throughput Throughput

[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 7.79 7.79 . 7.79 7.78
2 7.79 7.78 7.78 7.79
3 7.78 7.78 7.78 7.78
4 7.78 7.78 7.78 7.77
6 777 7.77 7.58 6.61
8 7.75 7.5 6.63 5.9
10 7.18 6.73 6.1 5.37

Table 31
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
Mean UDP Mean UDP Mean UDP Mean UDP
Throughput Throughput Throughput Throughput

[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 7.79 - 7.78 7.79 7.79
2 7.79 7.78 7.79 7.78
3 7.78 7.78 7.79 7.78
4 7.78 7.78 7.78 7.78
6 7.78 7.77 7.6 6.6
8 7.75 7.66 ' 6.61 5.92
10 7.32 6.84 6.07 5.37

Table 32
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UDP TCP TSDU LENGTH = 4 Kbytes

Bundles TCP Window | TCP Window | TCP Window | TCP Window
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes

Mean UDP Mean UDP Mean UDP Mean UDP

Loss Rate Loss Rate Loss Rate Loss Rate
[%] [%] [7] [%]
1 0.008 0.031 0.028 0.017
2 0.046 0.022 0.042 0.036
3 0.062 0.011 0.029 0.049
4 0.057 0.064 0.051 0.093
6 0.08 0.094 0.153 0.106
8 0.176 " 0175 0.057 0.075
10 0.255 0.139 0.13 0.234
Table 33

UDP TCP TSDU LENGTH = 8 Kbytes

Bundles TCP Window | TCP Window | TCP Window | TCP Window
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes

Mean UDP Mean UDP Mean UDP Mean UDP

Loss Rate Loss Rate Loss Rate Loss Rate
[Z] [%0] [Te] [T]
1 0.019 0.011 0.078 0.042
2. 0.026 0.057 0.068 0.022
3 0.037 0.091 0.055 0.055
4 0.053 0.058 0.065 0.091
6 0.105 0.104 0.062 0.098
8 0.167 0.138 0.083 0.07
10 0.2 0.21 0.083 0.076
Table 34
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|
UDP TCP TSDU LENGTH = 20 Kbytes

Bundles | TCP Window | TCP Window | TCP Window | TCP Window
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes

Mean UDP Mean ;UDP Mean UDP Mean UDP

Loss Rate Loss Rate Loss Rate . Loss Rate
[%] [%] [%] [%]
1 0.008 0.061 0.044 0.036
2 0.029 0.082 0.014 0.04
3 0.049 0.019 0.029 0.034
4 0.078 0.033 0.061 0.085
6 0.068 0.062 0.081 0.111
8 0.116 0.117 0.088 0.07
10 0.213 0.113 0.116 0.071
Table 35
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Appendix E: One UDP bundied with several TCP connections on
LAN ATM "

TCP TCP TSDU LENGTH = 4 Kbytes '
TCP Window | TCP Window | TCP Window
Bundles 8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes -
Mean TCP Mean TCP Mean TCP Mean TCP
| Throughput Throughput Throughput Throughput
[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 103.5 140.71 138.9 139.65
2 70.21 69.27 69.8 70.57
3 45.55 46.03 46.29 46.98
4 34.24 34.54 34.88 34.19
6 22.49 22.74 22.81 24.19
8 16.84 17.35 17.67 18.25
10 13.54 13.7 14.25 15.23
Table 36

TCP TCP TSDU LENGTH = 8 Kbytes .
TCP Window | TCP Window | TCP Window | TCP Window
Bundles 8 Kbytes . 32 Kbytes
Mean TCP Mean TCP Mean TCP Mean TCP
Throughput Throughput Throughput Throughput
[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 79.65 140.1 138.87 139.67
2 70.43 69.34 69.81 70.19
3 45.08 46.06 46.4 46.78
4 33.18 34.53 35.05 34.14
6 21.91 22.86 22.8 23.88
8 16.37 17.2 17.85 18.97
10 13.05 13.71 14.07 15.14
Table 37




|
TCP TCP TSDU LENGTH = 20 Kbytes

'I_‘CP Window | TCP Window | TCP Window | TCP Window
Bundies 8 Kbytes " 16 Kbytes 32 Kbytes 50 Kbytes

Mean TCP MeaniTCP Mean TCP Mean TCP
Throughput Throughput Throughput Throughput

[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 140.28 ' 140.54 140.25 140.81
2 68.79 ©70.24 70.29 70.14
3 46.26 46.89 46.53 46.55
4 34.3 34.58 34.67 33.73
6 22.71 22.75 22.48 23.22
8 17.07 16.94 17.2 18.61
10 13.69 13.2 14.62 14.83
Table 38

|
TCP TCP TSDU LENGTH = 4 Kbytes

~ 1 TCP Window | TCP VV;indow TCP Window | TCP Window
Bundles 8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes

UDP UD;P UDP UDP
Throughput Throughput Throughput Throughput
[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]

1. 7.79 7.79 , 7.79 7.79
2 7.79 - 7.78 7.78 7.78
3 7.78 7.78 7.78 7.73
4 7.78 7.77 7.77 5.83
6 7.78 7.71 6.21 5.11
8 " 7.77 7.63 5.38 4.7
10 7.77 7.16 5.03 3.99
Table 39
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TCP TCP TSDU LENGTH = 8 Kbytes
TCP Window | TCP Window | TCP Window | TCP Window
Bundles 8 Kbytes - 16 Kbytes 32 Kbytes 50 Kbytes
UubpP UDP ubDpP UDP
Throughput Throughput Throughput Throughput
[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 7.79 7.79 7.79 7.78
2 7.78 7.78 7.79 7.78
3 7.79 7.78 7.79 7.56
4 7.77 7.79 7.75 5.84
6 7.78 7.72 6.22 5
8 7.77 7.57 5.46 4.03
10 7.73 7.16 5.02 3.97
Table 40

TCP TSDU LENGTH = 20 Kbytes

TCP Window | TCP Window | TCP Window | TCP Window
8 Kbytes 16 Kbytes 32 Kbytes 50 Kbytes
UDP UDP UDP UDbP
Throughput Throughput Throughput Throughput
[Kbytes/s] [Kbytes/s] [Kbytes/s] [Kbytes/s]
1 7.79 7.78 7.79 7.79
2 7.78 7.79 7.78 7.78
3 7.79 7.79 7.78 7.27
4 7.78 7.76 7.69 5.68
6 7.78 7.62 5.67 4.94
8 7.77 7.46 5.06 3.94
10 7.76 6.28 4.08 3.9
Table 41




Appendix F. UDP bundled connections on LAN ATM

UDP Bundles 2 Mbps
[Kbytes/s]
7.79
7.79
7.78
7.75
7.77
7.77
7.76
7.15
6.69
16 6.46
18 6.03
20 5.78
26 5.17

ESSOOO\AUJN'—-

Table 42

_ PCR
UDP Bundles 2 Mbps

Mean UDP Loss
Rate
[ 7]
0.044
0.13
0.063
0.103
0.15 )
0.19
0.255
0.329
14 0.254
16 0.263
18 0.26
20 0.253
26 0.302

Table 43

K‘)SOOC\AUJI\)»—‘

76




UNCLASSIFIED —77-
SECURITY CLASSIFICATION OF FORM
(highest classification of Title, Abstract, Keywords)

(Security classification of title, body of abstract and indexing annotation must be entered when the overall document is classified)

DOCUMENT CONTROL DATA

1.

ORIGINATOR (the name and address of the organization preparing the 2. SECURITY CLASSIFICATION

document. Organizations for whom the document was prepared, e.g. (overall security classification of the document
Establishment sponsoring a contractor's report, or tasking agency, are including special terms if applicable)
entered in Section 8)

COMMUNICATIONS RESEARCH CENTRE UNCLASSIFIED

3701 CARLING AVENUE, P.O. BOX 11480, STN H
OTTAWA, ONTARIO, CANADA
K2H 852

3. TITLE (the complete document title as indicated on the title page. Its classification should be indicated by the appropriate

abbreviation (S,C,R or U) in parentheses after the title)

BUNDLING INTERNET TRAFFIC OVER VBR ATM NETWORKS (U)

4. AUTHORS (Last name, first name, Middle initial)

Louise Lamont, Luis Villasenor, Nawel Chefali, llka Miloucheva

. &
5. DATE OF PUBLICATION (month and year of publication of | 6a. NO. OF PAGES (total 6b. NO. OF REFS. (total cited
document) containing information. Include in document)
Annexes, Appendices, eic.)
December 1998
75 16
7. DESCRIPTIVE NOTES (the category of the document, e.g. technical report, technical note or memorandum. If appropriate, enter

the type of repor, e.g. interim, progress, summary, annual or final. Give the inclusive dates when a specific reporting period is
covered.)

TECHNICAL REPORT

8. SPONSORING ACTIVITY (the name of the department project office or laboratory sponsoring the research and development.

Include the address.)

DEFENCE RESEARCH ESTABLISHMENT OTTAWA (DREO)
3701 CARLING AVENUE, OTTAWA, ONTARIO
1A 074

9a.

PROJECT OR GRANT NO. (if appropriate, the applicable |9b. CONTRACT NO. (if appropriate, the applicable number
research and development project or grant number under | under
which the document was written. Please specify whether which the document was written)
project or grant)

CRC-RP-98-007

10a. ORIGINATOR'S DOCUMENT NUMBER (the official 10b. OTHER DOCUMENT NOS. (Any other numbers which may

this

document number by which the document is identified by | be :
the originating activity. This number must be unique to assigned to this document either by the originator or the
sponsor)

document) DREO TR 1999-020

11.

DOCUMENT AVAILABILITY (any limitations on further dissemination of the document, other than those imposed by security
classification)

(X) Unlimited distribution

( ) Distribution limited to defence departments and defence contractors; further distribution only as approved

( ) Distribution limited to defence departments and Canadian defence contractors; further distribution only as approved

( ) Distribution limited to government departments and agencies; further distribution only as approved

( ) Distribution limited to defence departments; further distribution only as approved

( ) Other (please specify)

12.

correspond

DOCUMENT ANNOUNCEMENT (any limitation to the bibliographic announcement of this document. This wiil normally

to the Document Availability (11). However, where further distribution (beyond the audience specified in 11) is possible, a wider
announcement audience may be selected.)

UNLIMITED

UNCLASSIFIED
SECURITY CLASSIFICATION OF FORM

DCDO03 2/06/87




m

-78- ‘ UNCLASSIFIED
SECURITY CLASSIFICATION OF FORM

13. ABSTRACT (a brief and factual summary of the document. It may also appear elsewhere in the body of the document itself.
It is highly desirable that the abstract of classified documents be unclassified. Each paragraph of the abstract shall begin with
an indication of the security classification of the information in the paragraph (unless the document itself is unclassified)
represented as (8), (C), (R), or (U). Itis not necessary to include here abstracts in both official languages unless the text is

bilingual).

An initiative between DeTeBerkom in Berlin and the Communication Research Centre (CRC) in Ottawa was
undertaken to determine realistic resource reservation requirements when IP telephony applications are 2
multiplexed with bulk data applications in an ATM network.

In our work, we considered different ways of bundling voice (i.e. IP telephony) and data traffic. We analyse the N
throughput achieved for the data traffic and the rate, packet loss and delay variance for the voice traffic for each
bundle type.

We illustrate the specific effects that different performance factors such as VBR traffic parameters, the TCP flow
control and send window size, network delay, system scheduling and application traffic have on the QoS provision
in an ATM Wide Area Network (WAN) and Local Area Network (LAN) environment.

Trans-Atlantic connections, using national high-speed test networks and Teleglobe's trans-Atlantic submarine fibre
CANTAT-3 are used to obtain the ATM WAN measurements. LAN measurements are performed' using an ATM
LAN testbed at CRC.

The experiments are performed and evaluated with the CM Toolset, which provides for the automation of QoS
analysis of selected applications under different ATM network environments.

14. KEYWORDS, DESCRIPTORS or IDENTIFIERS (technically meaningful terms or short phrases that characterize a
document and could be helpful in cataloguing the document. They should be selected so that no security classification is
required. Identifiers, such as equipment model designation, trade name, military project code name, geographic location may
also be included. If possible keywords should be selected from a published thesaurus, e.g. Thesaurus of Scientific Terms
(TEST) and that thesaurus-identified. If it is not possible to select indexing terms which are Unclassified, the classification of
each should be indicated as with the title.)

VBR service

1P telephony

Resource reservation
Bundling/multiplexing

UDP

TCP

Performance Measurements
ATM WAN

ATM LAN

Trans-Atlantic links

UNCLASSIFIED
SECURITY CLASSIFICATION OF FORM




Leader en sciences et

technologie de la défense,
la Direction de la recherche
et du développement pour
la défense contribue
a maintenir et a
accroitre les compétences
du Canada dans

ce domaine.

The Defence Research
and Development Branch
provides Science and
Technology leadership
in the advancement and
maintenance of Canada’s

defence capabilities.

-~

257098/

&Y

DEFENCE DEFENSE

www.crad.dnd.ca




