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Abstract

This deliverable describes simulation activitieshaf network and application dynamics. This in-
volves establishment of network model supportirgrttultimedia application such as video transmis-
sion and video conferencing. The real time multimegbplication proposes crucial requirements in
terms of delay, delay variation (jitter) and padkeis. This deliverable presents the evaluatigoeof
formance, QoS and the dynamic scalability of appiin based on Multi-Protocol Label Switching
(MPLS) technologies.

The routing protocol (OSPF-TE) is responsible falcalating feasible routes within networks, which
have the link state constraints (e.g. bandwidttiedaly). The network convergence time is used to
flood update messages through OSPF-enabled netvistablishing successive LSPs without or
within an interval for flooding update messages leawd to routing failures and decreased scale of
application dynamics. We attempt to observe thevorlt convergence time in response to an LSP
setup or release in a network and study its imfitioa on scale of application dynamics.

The document thus indicates the lower bound oh#tevork dynamics regarding time scales and it is
analysed how the applications benefit from suchaedyinity.
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Introduction

1.1 Purpose and Scope

This deliverable serves several purposes

The modelling scenarios and progress on the impigatien of the simulation work is docu-
mented. It is not expected that this work will gdevmany very fixed conclusions and the results
obtained from the models at this stage is somepfgdiminary. Hence, the document describes
the progress in the models which will be furthdine.

The lower bound of the application dynamics is tdfierd. This provides important input to the
level of dynamics of future networks. The main citmttion to this delay in setting up paths is the
routing reconvergence time, why this is modelleatdighly.

The performance gain seen from the applications/isstigated to indicate how they perform
when the required network resources are preseatrims of LSPs. This is required to support
multimedia applications. A modelling network is idefd to meet requirements by employing
MPLS technology, which enhances the abilities ocduese management and traffic control in
network. In order to allocate network resourcesadyically and efficiently among various cli-
ents, it is interesting to indicate relevant effexzparameters

1.2 Reference Material

1.2.1 Reference Documents

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]

[14]
[15]

[16]

[17]

Deliverable 2.1 “Definition of application negdnd scale of dynamics in research net-
work infrastructures”

OPNET Modeler Product Documentation, Releas8.10.

B. Dipert, “Video compression slims down forrsgg”, EDN, vol.47 , pp. 59-70, 2002

E. Rosen, A. Viswanathan, R. Callon., “Multippobl Label Switching Architecture”,
RFC 3031, January 2001.

E. Mannie, ed., “Generalized Multi-Protocol Lalslitching (GMPLS) Architecture”,
RFC 3945, October 2004.

D. Katz, K. Kompella and D. Yeung, “Traffic Emgering (TE) Extension to OSPF Ver-
sion 27, RFC 3630, September 2003.

T. Li, H. Smit, “IS-IS Extensions for Traffictigjineering”, Internet Draft draft-ietf-isis-
traffic-04.txt, August 2001.

D. Awduche, L. Berger, D. Gan, T. Li, V. Sririgan, G. Swallow, “RSVP-TE: Extensions
to RSVP for LSP tunnels”, RFC 3209, December 2001.

B. Jamoussi, ed., “Constraint-Based LSP SesipguLDP”, RFC 3212, January 2002.
J.T. Moy, “OSPF Version 2", IETF RFC 2328, Atb98.

J.T. Moy, “OSPF —the Anatomy of an Internetuog Protocol”, Addison-Wesley, 1998.
J.T. Moy, “OSPF Complete Implementation”, AdutiswWesley, 2001.

A. Fugaha, “Routing in All-Optical DWDM Netwoskwith Sparse Wavelength Conver-
sion Capabilities”, Proc. of GLOBECOM, vol.5, pp682574, December 2003
www.geant2.net

Y. Yin and G. S. Kuo, “An Improved OSPF-TEGMPLS-Based Optical Networks”,
IEEE 2005 Workshop on High Performance Switching Bouting, May 2005.

R. Braden, L. Zhang, S. Berson, S. Herzogahin, “Resource ReSerVation Protocol
(RSVP) — version 1 Functional Specification”, RFZD2, September 1997.

L. Berger, ed., “Generalized Multi-Protocol leiswitching (GMPLS) Signalling Func-
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tional Description”, RFC 3471, January 2003

[18] L. Berger, ed., “Generalized Multi-Protocol letswitching (GMPLS) Signalling Re-
source Reservation Protocol-Traffic EngineeringWRS E) Extensions”, RFC 3473,
January 2003

1.2.2 Acronyms and Abbreviations

ASON Automatically Switched Optical Networks
CSPF Constraint Shortest Path First

ERO Explicit Route Object

FEC Forwarding Equivalent Class

GMPLS Generalized Multi-Protocol Label Switching
HDTV  High Definition TV

IETF Internet Engineering Task Force
IGP Interior Gateway Protocol
IST Information Society Technologies

LER Label Edge Router
LSA Link State Advertisement
LSDB Link State Database

LSP Label Switched Path

LSR Label Switching Router
OSPF Open Shortest Path First
PSA Path State Advertisement

QoS Quiality of Service

RRO Record Route Object

RSVP Resource ReSerVation Protocol
TDM Time-Division-Multiplexing

TE Traffic Engineering

WP Work Package

1.3 Document History

Version Date Authors Comment

0.1 2/1-2006 yy First ToC draft

0.2 18/1-2006 yy, hw, msb Agreed on the ToC

0.9 23/1-2006 vy Conclusion added and sevelal
minor errors corrected

1.0 26/1-2006 hw, yy Document internally reviewdd

1.4 Document Overview

The document is structured as follows. First, @aroauction to modelling in MUPBED is provided in
section 2. This includes a general description oLBlPThe OSPF and OSPF-TE routing protocols
are described in section 3. This section also pteghe results on the reconvergence measurements
for small and large networks. Section 4 deals withunidirectional and bidirectional path establish
ment and the performance of selected applicationgiworks with allocated resources. Finally, in
section 5, a conclusion of the work is provided.
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2 Modelling Studies

The MUPBED test bed offers a unique large scaldquhatfor evaluating the performance of very
high demanding research applications under diffanetwork conditions. This will give an indication
on how technologies like GMPLS and ASON can be imgleted to provide on demand resource
provisioning through multiple administrative domaiithe MUPBED project is clearly an experimen-
tal project, which utilises the interconnected ted for identifying the problems and the solutidhs

is thus expected that the results from the deployroithe applications in the test bed will giveiin
cations on the potential benefit of using traffigmeering across several administrative domains,
including the adaptation between the applicatigedand the network control layer.

However, while the experimental work provides restdr the specific network setup, modelling
studies are required in order to reproduce, verily analyse the results. In addition, modelling and
simulations activities are required for addressirgscalability of the application for even larget-
work. Hence, modelling activities are initiatedWP2 in parallel to the experimental work. The ob-
jective of this activity is to increase the understing of the obtained experimental results and to
guide the deployment of applications in the tesk Besides the analysis, the modelling work will
also indicate how the network and the applicatemesaffected by modifications of the network or
applications.

This section is intended to provide an understandirhow and where modelling is used in the WP2
in the MUPBED project. First, in section 2.1 theaatjves of the modelling activities are highlighted
and an overview of the proposed modelling scendsigs/en. Then, in section 2.2, the relevant mod-
elling applications are described, and it is shtww the requirements of the multimedia application
to the network performances. Finally in section th& basic concepts in MPLS are described.

2.1 Objectives of Modelling in MUPBED

With access to a European scale experimental égsbbe could ask, whether modelling and simula-
tions offers anything, which could not be addresbedugh real measurements. While it is doubtless
that the measurements of the performance of thiicappns in the network provide accurate and real
world results, they might be disturbed by a nundddactors that cannot easily be controlled. Simula
tion can help in these cases. Sometimes simulagiaeven superior to measurements because all
conditions are known, which would elsewhere reqthie¢ the measurements are done in a perfectly
well known and well controlled environment. Secgndhe simulations may indicate more precisely
what parameter causes an undesired or desired. &fealtering the relevant parameters (e.g., the
background traffic) we can quite easily estimatedffect, what would else be a quite complex opera-
tion in real measurements. In summary we use tteetiing and simulations to explore the unknown
and benchmark the well-known. It is, however, ofdwa to implement simulations if the results are
not in correlation with the real world measurememsy the results of the simulations are verified
with experimental data and vice versa.

The objectives of the modelling are to supportekgerimental work with simulations to identify bot-
tlenecks, unexpected behaviours and for estim#tiagerformance when the application scales.
More precisely, the modelling activities aim on estiing the potential benefit of traffic engineering
by comparing the performance of the MUPBED applaeiin a network supportingraffic Engi-
neering(TE) compared to a network with only best effogc@ndly, the protocol modelling is used to
indicate the lower bound of application dynamidse parameters determining the minimum interval
between two subsequent LSPs setups are shownliemretical study and simulation results.
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2.2 Applications Modelling

This section reviews the applications that the MUBPRIEnsortium has pre-selected for trial in this
simulation project. The applications are groupethaltimedia services with specific requirements to
the network. The multimedia services are becomomufar and rapidly emerging on today’s net-
works. The multimedia application can occur disitéddl and large volumes of video frames are
transmitted across networks. Offering multimediaises forces one to design and improve the net-
work technologies in order to support high perfangetransmission.

Within the MUPBED simulation work, two kinds of mimttedia applications are covered. These are
video transmission and video conferencing applicati New challenges are raised as the increased
traffic load due to the transmission of large céiyaaf multimedia frames and the sensitive quality
requirements. The multimedia services have feaiaressms of high transmission bandwidth, real
time and interactive, which adds new quality reguients to the network involving guarantees of de-
lay, delay variation (jitter) and packet loss. Fmtance, one example of the video transmissiofi-app
cation described in document [1] is the remotentel@icine screening. Avoiding the compression pro-
cedure (e.g. MPEG-2 compression), the uncompresded frame, such as High Definition TV
(HDTV), requires bandwidth up to 1.5 Gbps. For angiard Definition (SD) quality video signal with
error correction and overhead a bandwidth up toMbfs can be assumed. Table 1 shows the video
transmission parameters in various resolution tyjeéimed inOPNET modelej2].

Table 1: Video application profiles

Video Parameters Total Bandwidth
Low resolution video| 128 * 120 pixels 9 bit/pixel 0 frames/sec 1.38 Mbps
High resolution video| 128 * 240 pixels 9 bit/pixell 15 frames/sec 4.15 Mbps
VCR quality video 352 * 240 pixels 24 bit/pixe &@ames/sec 60 Mbps
High Definition TV! | 1280 * 720 pixels 24 bit/pixel 60 frames/seq 1G3s

The high demand of bandwidth affects the QoS paensié the networks. To ensure the video
transmission quality, jitter requirements shoulddss than 1 ms and the packet end-to-end delay is
should be below 150 ms. Another application unadasileration in this deliverable is the high qual-
ity video conferencing, which is a real time commeation activity between two endpoint clients
(multipoint video conferencing is not included)d€b conferencing has stringent QoS requirements
as delay due to its real time interactive featliree maximum delay is 50 ms. However, the user can
tolerate a certain amount of video distortion, vatielaxes the requirement of jitter and packet loss
The maximum jitter is 40-50 ms. As a summary, aeyof the QoS demands for applications, that
are attached to this deliverable, are listed indab

Table 2: QoS parameters for the two described apptin types

QoS parameters Delay Delay variance (jitter)
HQ Video production <150 ms <1lms
Video conferencing <50 ms < 40-50 ms

2.3 MPLS Technologies

In MUPBED, Multi Protocol Label SwitchingMPLS) technology is adopted as a solution, which
provides Traffic Engineering (TE) and quality ofwee functionalities. Furthermore, the Generalized
Multi Protocol Label Switching (GMPLS), an extenstorMPLS, is involved in research for the opti-

! This is a user-defined application configuredtie OPNET application attributes table. The pararsetee
configured referring to [3].
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cal networks. An important feature of MPLS is itdiabto setup label switched paths subject to mul-
tiple constraints for different services in orderéserve bandwidth. Furthermore, providing traffic
engineering facilities to optimize network resogre®d manage traffic flows is another attractie fe
ture [4]. GMPLS extends MPLS to support multiple tealbgies, comprising of Time-Division-
Multiplexing (TDM), wavelength switched and optidddre switching [5].

In MPLS networks, the data plane (packet forwardarg) control plane (signalling and routing) are
completely separated, which allows operations efdéta plane independently of the control plane. In
the data plane, IP packets are encapsulated in¢étidd MPLS packets and forwarded along a Label
Switched Path (LSP), which is determined by roupngtocols or by other means (e.g. manually con-
trol). The control plane can be a separate netwedicated to resources control and allows resources
to be added or released quickly. The TE mechardgsmplemented in the control plane, which con-
sists of routing, signalling and resource manageémen

In MPLS/GMPLS-based IP networks, packets are assigrablel at the entry to the network and for-
warded along with label switched path. At the isgreabel Edge Router (LER), IP packets that have
equivalent forwarding manner are grouped and specifs a same Forwarding Equivalent Class
(FEC). For instance, all packets have same somaee@stination addresses. Afterwards, a FEC is
mapped into a LSP associated with an assigned laloelg forwarding through LSPs, the intermedi-
ate Label Switching Router (LSR) switches incomatgelled packets to right output interface based
on this label only.

The major benefit of the MPLS architecture is hdity to support TE solutions and provide QoS
functionality, which has three functional capahibtrequirements:

According to different behavioural characteristid)LS networks define different traffic trunks
associated with a set of specified attributes.

In a network topology, there are some resourceta@ngs (e.g. bandwidth and delay), which
place limitation on routing the traffic trunks.

Constraint based routing protocol is used to sglatts for traffic trunks subject to constraints
imposed.

By means of changing the attributes associatedtvétfic trunks and resources, we can control the
traffic flows through the networks. In the contpténe, the parameter of routing represents theaont
variables, which can also be modified through adstiative actions. The explicit routing function, i
addition with the resource reservation mechanismaed to perform a TE strategy, which offers the
provisioning based on the bandwidth-on-demand qundde route for a LSP is computed using a
routing protocol (OSPF-TE [6] or ISIS-TE [7]). THestribution of labels and the establishment of
LSP are achieved using a signalling protocol (RS\EJ8] or CR-LDP [9]).

An interesting issue within the MUPBED project isdiscuss how MPLS/GMPLS network traffic
engineering is beneficial for the scale of appia@adynamics standpoint. We work to create a simula
tion network model providing answers or at leadtdation to following questions:

What is the lower bound for the dynamicity of teework, i.e., how fine granulated
should the LSP setup be? Are we in the minutes; aezond area or whatever?

What are the benefits seen from the applicatiorenathaffic engineering is deployed in the
network through MPLS?

In this deliverable, we address the functionalibéthe OSPF-TE and RSVP-TE regarding their ca-
pabilities for improving the scale of applicatioypnamics.
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3 OSPF Routing Protocol

3.1 Overview

Open Shortest Path FiréDSPF) is atnterior Gateway Protoco{lGP), originally developed by the
Internet Engineering Task For¢dETF) for IP networks. Current version, OSPF i@, is de-
scribed in RFC 2328 [10]. OSPF is a link statequoLt The most important feature is that each route
in an OSPF network maintains global topology knalgks of the network including the active links
and adjacent neighbours. These ‘map’s are useahtputes feasible routes for required connections.
A link state databas@.SDB) in each router is used to collect resowsage information (link state
information) from all other routers. Obviously,4HiSDB should be updated frequently enough to
cope with the dynamic changes in the networks. muiritialization, a router periodically broadcasts
hello packetso discover its adjacencies and establish bidaeat connectivity. Once the neighbour
discovery process is done, a router exchangesSiBlLinformation with its neighbours usidgta
description packetshe aim of link state exchange process is tolaymgze all routers’ LSDB in-
formation. Afterwards, a change of network statuspology will be issued in a Link State Adver-
tisement (LSA) and distributed through the netwegk|edflooding For instance, if a link is torn
down, the router responsible for that link genexaté SA to describe its current adjacency statils. A
routers update their LSDBs and maintain the samiegadjistate by receiving LSA messages. Hello
processes execute continually and periodically asekkeep-alive communication between the adja-
cencies and detection for new connected routers.

Developed in the MPLS/GMPLS based networks, the GSBKtended to support traffic engineer-
ing, known as OSPF-TE [6]. A new type of LSA, Opadi5A, is deployed to describe the network
topology and bandwidth information. This type ofA_8arries information about the link states: link
type, link ID, local interface IP address, remaiteiface IP address, traffic engineering metricxima
mum bandwidth, maximum reservable bandwidth, umveskebandwidth and administrative group.
The distribution of Opague LSA (TE LSA) follows saiprocedure utilized by OSPF. For instance,
the link information is changed when a new LSRetsup as shown in Figure 1. After generating an
LSA, the router floods it to its all adjacenciesqdd receiving a non-self-generated LSA, a router up
date its own LSDB according to the recent changplichtes that LSA and re-advertise the LSA cop-
ies to all neighbours except the one the origirf@Alreceived from. Along with broadcasting the
Opague LSAs, all routers end up with the synchemhizetwork topology and link adjacencies associ-
ated with the resource reservation status. The is®#iginated in response to the change of LSA
contents (e.g. make a new reservation) or the mexapeint by OSPF protocol (e.g. LSA refresh). The
reliable flooding procedures keep every router gntain a consistent snapshot of network topology
and link information.

Workstation_1

= LER

= Server_2
Workstation_2

LSP set up at 150 sec;
tear down at 250 sec,

Figure 1: OSPF flooding procedure in a small-scaéwork

Page 9 of 23



IST — Integrated Projest UPBED File:
Multi-Partner European Test Beds for Research Nekiwg D21a-v10-final

3.2 OSPF Timer Configuration

This section reports the configuration of timergwaeters in OSPF. The timers are important for the
operation of the routing protocols. In standard ©EW®] two different kinds of timers are defined,
"single shot timers" and "interval timers". Therfar fires once and causes a protocol event to be
processed and the latter fires at continuous iater¥he granularity of both kinds of timers is one
second.

OSPF provides a number of configurable timer vallibese timers are defined in the standard [10]
and default values are described in source [1]] [h2Zaddition, the LS Age field defined in LSA
header is timer-based value, which shows the nuofeFconds from the origination of the LSA. In
OPNET environment, OSPF timers are configurableaagdised to tune the neighbour discovery, the
keep-alive procedure and the flooding process.Lhége field is defined as constant value in
OPNET. Table 3 and Table 4 summarize the values insthe simulation. There is no modification
from the default or recommended value.

Table 3: Default values of the OSPF timers in satiah

Parameter Value (s Description

Hello Interval 10 The time interval between hellckets sent from
each interface.

Router Dead Interval 40 The time threshold beyohttiwvan interface not
responding to hello packets is declared inoperable.

Transmission Delay 1 The time it takes to trangmit. SA to neighbours
on the interface.

Retransmission Interval 5 After this time, if ndkaowledgement is received
the interface retransmits the last packet tranenhitt

Table 4: OSPF LS Age field assignments in simulatio

Constant Value Action of OSPF Router

MinLSArrival 1 sec | Minimum time to wait before accieta new update of
LSA via flooding.

MinLSInterval 5sec | Minimum time between updatingseduent LSAs.

MaxAge 1 hour| The LSA is removed from the databfide age reaches 1
hour.

MaxAgeDiff 15 min | When two LSA instances differ byore than 15 minutes,
they are treated as separated instances and thvetbrtee
smaller LS Age field is accepted as more recent.

LSRefreshTime | 30 min A router must refresh any-satfiinated LSA whose age
reaches 30 minutes.

This section reports how the flooding procedurerafes in OSPF. Routers generate LSA messages
whenever the LSA contents change. The traffic esgging LSAs are generated whenever the link
state information are modified. In the OSPF-TE dtad [6], it declares that the flooding procedure o
updates is not required immediately following evelngnge. In practise, three mechanisms exist: the
immediate update mechanism, the threshold-basesteiptechanism [5] and the period-based update
mechanism [13]. In the immediate case, any modiinan the LSAs is advertised immediately. In

the threshold-based case, a threshold (for exatt@ejariance of bandwidth change) is set and
flooding is triggered if this threshold value isched. In the period-based case, a timer is setland
LSRs advertise their LSAs periodically. The firstchanism causes heavy control overheads due to
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the frequent changes of link states. This probkesolved by using the latter two mechanisms. How-
ever, they disseminate information with delay arniticause the inaccuracy of link state.

In our simulation under OPNET environment, a thoédtbased update mechanism is implemented.
The value of threshold is chosen as 10% of cuaeailable bandwidth. After a reservation, if the
new available bandwidth falls outside the rangst (lalue — 10% of last_value) to (last_value + 10%
of last_value), a TE-LSA would be flooded. For argte, in our simulation scenarios, the links con-
necting routers are DS1 links (1.544 Mbps). If entravailable bandwidth is full capacity, the thres
old value is 154400 bps. When the reserved bantdwalue is larger than the threshold value, TE
LSA messages are advertised immediately.

3.3 OSPF Network Convergence Time

The convergence time of OSPF LSA flooding procediigecrucial factor in evaluating the routing
protocol. The convergence means all routers ivengDSPF area arrive at a synchronized LSDB af-
ter various conditions occur. The convergence timans how quick the recent topology is learned
and new routing table is recalculated throughotiteenetwork. In the MPLS/GMPLS-based net-
work, the convergence time at the ingress LER$artcularly important. The delay of converging
LSA will cause the inaccuracy of link states ansliein imprecision in the global state. Because
LER applies routing algorithms to determine rodted SPs based on its LSDB, providing an ap-
proximate global state may lead to a failure inliing an existing feasible path, or cause an over-
utilization on some routes and under-utilizationotimer routes. The inaccurate route selection will
deteriorate the transmission performance. Regattimgelay- and jitter-sensitive video transmission
application, updating link states efficiently arfteetively in order to find desired paths at thgriess
LER is important.

In the example shown in Figure 1, an LSP (LER_ZRL#), with blue colour, is established at 150
second and the bandwidth on link (LSR_1, LSR_2)lig reserved. The flooding process occurs
when both LSP setup and release. One interessng is how the LSA flooding convergence time
affects the ability of router LER_1 to set up arPLEEER_1, LER_3), which is the selection result
between preferred (LSR_1, LSR_2, LSR_5) and lesieped (LSR_1, LSR_3, LER_4, LSR_5)
routes when the preferred routes are fully takenrug-available. For instance, LER_1 will estdblis
a new LSP through the less preferred routes fatap time at exactly 250 second. However, the pre-
ferred (shortest) routes might be selected if LERait for an interval (e.g. 1 s in this examplagaf
the old LSP is removed instead of right afteraiease. This interval is the amounwaiting timefor
the entire network topology to be stabilized. Teating timedepends on the OSPF network conver-
gence time and affects the interval between suiseekSPs establishments.

The OSPF convergence times in response to LSP aetupelease are important parameters in order
to evaluate and improve the network performance. duration of OSPF route convergence is com-
posed of the LSAs exchanging time, the link stati@alohses updating time and the routes calculating
time. The following lists some influencing paramsthat must be taken into account when calculat-
ing the OSPF convergence time.

Network topology and connectivity The flooding load of OSPF protocol increases ssisely
when the size of network becomes large. Furtherntibeericher the connectivity of a router, the
higher volume of flooding information it receivesdatransmits.

Traffic demand patterns. In the considered MPLS/GMPLS-based IP networks sL&E setup
and torn down dynamically, which influences thegfrency of flooding LSAs with TE informa-
tion.

Current traffic load . The LSA messages can be dropped due to the netengestion if the
current traffic loads on the links already appraagloverdue utilization. The loss of LSA infor-
mation will cause update failure in routers, legdio the network instability and routing failure.
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3.4 OSPF Modelling with OPNET

3.4.1 Simulation in small networks

The performance of OSPF convergence time influebgatktwork “connectedness” is evaluated via
simulation of a full or partial mesh network asrs@eFigure 2. Different approaches in designirgy th
network architecture can result in various netwmekaviours. The idea is to modify the network to-
pology in order to achieve acceptable performamnhbeoretically, full mesh networks have fast con-
vergence time due to routers can get the changkdhliormation directly from the LSA self-
originated routers. Therefore, the network conveygckly after bandwidth condition changes. The
disadvantage is that, as declared above, rich ctimite between routers leads to heavy flooding-tra
fic burden.

Workstation_1

Workstation_2 Workstation_2

Server_2

A. Partial mesh network B. Full mesh network
(better performance) (not recommended)

Figure 2: Partial mesh and full mesh networks

Figure 3a) shows the OSPF traffic load during cogemce. An LSP is established at 150 second and
released at 250 second from workstation 2 to sévé&he traffic loads in the full mesh network is a
most twice as large as that in the partial mesWwaorét The network convergence activity is shown in
Figure 3b). The convergence time for two exampématos has 2 ms difference. The full mesh net-
work is slightly faster than the partial mesh neatwo

video_mpls_fulmesh video_mols_fullmesh
OSPF.Traffic Sent [bits/sec) OSPF.MNetwork Convergence Actvily
400,000 1.00
300.000 0.75 -
convergence duration = 1.0023s
—k—
200,000 050
100,000 0.5
[ S | e .|a.-..h...-..l. 0,00
video_mpls_parialmesh video_mpls_partiaimesh
OSPF Traffic Sent [bits/zec) DSPF.Network Convergence Actvity
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200,000 convergence duration = 1.0035s
——
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v I ! v I i [ WAL I U [ ! I ! [
... 1m 30s 2m 30z 3m 30s 4m 30z - 2m 20 3m 3m 40s 4m 20s
A, OSPF Traffic Load (bits/sac) B. OSPF Network Corvergance Activity

Figure 3: Performance of OSPF protocol

3.4.2 Simulation in large networks

The OSPF convergence time is simulated in a laegwark topology analogue to the GEANT net-
work [14] illustrated in Figure 4. In this case,RsSare one-way directional and configured between
the edge-routers. There are total 90 LSPs createdpmarate test case. The results are shown ireFigu
5, where the average values of network converggémeeare calculated for each LER. The conver-
gence time in the test large network is approxiigaté second. Thus, in order to keep consistent
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global link state databases, the minimum interesvieen two LSPs establishments is at least 10 sec-
onds.

Figure 4: OSPF network convergence time simul&iatetwork topology similar to the GEANT topolofgource:
http://www.geant2.néft/

It was chosen to use a topology close to the GEAt§palogy as this obviously will reflect the to-
pology used for European high demanding researnglicagions.

o OSPF.Avarage Network Convergence Time (sec) @ OSPF.Maximum Network Convergence Time (sec)

9,924

9,923 +

9,922 4

HE

9,919 ~

ME N EENED
minEREnRni
RLILE

9,915 ~

LERO LER1 LER2 LER3 LER4 LER5 LERG6 LER7 LERS LER9

Figure 5: OSPF network convergence time in largevork simulation results

It is seen from the results in Figure 5 that tfeorwergence time depends heavily on the size of the
network. E.g., the LERO results are the maximumtaedaverage reconvergence time for all the LSPs
originating from LERO to all of the other LERs sahgaently. Each reservation equals half the band-
width of the link.

Considering Figure 5, it is clear that the variaimcéhe delay between LSPs from different locations
in the network is rather low and is dominated by ietwork size.

3.5 OSPF Extension and Scale of Application Dynamics

Recent research has shown some improvements fof @B8POSPF-TE to reduce the LSA flooding
traffic loads and decrease the route convergenaidao. Authors in [15] propose an improved
OSPF-TE protocol. First, this deliverable planglisseminate the increments or decrements of avail-
able bandwidths in LSA instead of advertising thedute value of maximum and reserved band-
width in standard OSPF-TE. Secondly, not all LSRa@a label switching path flood LSAs. Instead,
only source LSR (the ingress LER) advertises Ptte 2dvertisement (PSA), which notifies the
bandwidth variety on a LSP. The theoretical analghiows that the control overhead is reduced com-
pared to the conventional flooding mechanism.
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In the MUPBED project, one of the most interestisglies is how we can extend OSPF to support a
large number of applications and hence applicatguests for dynamic provisioning. Once an appli-
cation requires service, a feasible LSP is estaddist the entry of the network and along LSP soute
required bandwidth is reserved. Various applicatiare applied in the network and numerous LSPs
are set up. Among these applications, the multimedivices require tight quality guarantees arml als
consume a large amount of bandwidth. LERs setus |8 reserve bandwidth based on the global
network topology and link information kept in theiwn link state database. The fast and accurate
LSP establishment relies on updating the databais&lgin order to maintain a consistent snapshot
of network and especially available bandwidth ctodi LSP setup failures occur when an LER route
an LSP, based on inaccurate information, throulghkavhich has been reserved and has insufficient
residue bandwidth.

In this deliverable an extension to OSPF-TE is sstgg in order to obtain good performance when
applying video application in MPLS/GMPLS based netwdihe idea is to add a priority field in the
traffic engineering LSA packets. The priority iass$ified depending on the application type seryed b
LSP. The modification of bandwidth utilization danks for a video transmission is more important
than for other applications (e.g. email). Therefd@ran LSP is created for multimedia servicesighh
priority value is assigned for its flooding LSA rsages. The priority value indicates the priority fo
each link and router to forward or process theding LSA messages. In this approach, the band-
width reserved or available due to the start amtiadivideo frames transmission will be detected
quickly. Fast update of the link information fomavidth reservation by video transmission benefits
those LERs to find other existing feasible rousesthat the re-routing probability is decreased. On
the other hand, quickly knowing a video LSP isaektrl and bandwidth on its routes is available en-
ables to allocate required services and enlargesdhle of applications.

This extension will be continued to work with maheoretical analysis and simulation experiments,
and any further results will be reported in latelivkrable.
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4 RSVP Signalling Protocol

4.1 Overview

The Resource ReSerVation Protocol (RSVP) is oriyinkesigned as a signalling protocol to reserve
network resources (e.g. bandwidth) for requiredises. In the standardized MPLS/GMPLS tech-
nologies, the extension of RSVP (RSVP-TE) is adbpied used as a signalling protocol in providing
traffic engineering functionalities [8], [16]. In MIS traffic engineering architecture, the enhanced
OSPF (OSPF-TE) and Constraint Shortest Path EISPF) algorithm are used to compute explicit
routes for applications and satisfy a set of netveomnstraints. Once the explicit route is founa, th
next step is to initialize the label assignmendiriiute the label bindings along the path andruese
resources for the establishment of LSP. RSVP-T&part of MPLS control plane and is deployed to
set up label switching paths within MPLS networken®ining MPLS and RSVP, routers can associ-
ate labels with RSVP flows. Once an LSP is esthbtisthe traffic that flow the path is defined hg t
label at the ingress LER, where the set of packetassigned the same label value and belong to the
same forwarding equivalence class. The mappingdmtraffic flows and label can be accomplished
based on different criteria.

The operation of RSVP-TE can perform resource vasien for both unicast and multicast applica-
tions. In this deliverable, only the unicast res#ion is considerate. In other words, LSP is estab-
lished through an end-to-end route between onlgitagh LSRs. The point-to-multipoint LSP estab-
lishment is out of the scope of this document.

4.2 Unidirectional LSP Setup

The RSVP-TE signalling protocol model utilizes dstvyeam-on-demand label distribution. RSVP-
TE is a receiver-based resource reservation meshamihich is inherited from the original RSVP.
The standard unidirectional LSP establishment ghoieeis shown in Figure 4.

Figure 6: RSVP-TE reservation procedure of LSRshment

Ingress LER initiates a request of label bindingtigh the RSVAPathmessage, which is forwarded
downstream from the ingress LER to the egress [OERPath message contains traffic specification
and classification information provided by the semd his message contains, beside the standard ob-
jects, session attributes, tBgplicit Route Object (ERQaLabel Requestbject, the LSP identifica-

tion and optionally, th&®ecord Route Object (RR@ Label Requestbject, as its hame implies, it
requests a label from its downstream neighbourgaiba LSP. Each RSVP-enable intermediate router
along the explicit route receivePath message and processes it to create a path stBshBrr
message is sent to the originating sender oPHtb message if there is an error encountered while
processing #athmessage.

Once the path message reaches the egress LERb#iallocation and resource reservation are ac-
complished by means &esvmessages, which carry reservation requests aighdabel hop-by-hop
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in the upstream direction. For instance, the edrE$s assigns a label and distributes it by carrying
inside aResvmessage aslabelobject. After receivingResvmessage, the next-hop router in the re-
verse explicit route allocates the provided lalsebatgoing interface label. Then, a new label dhifec
assigned as its incoming interface label and ieddrt theResvmessage before transmitting it up-
stream. When the ingress LER obtains and operatsg iRessage, LSP setting up is successfully ac-
complished and the requested bandwidth is availablie explicit route. ResvErrmessage is sent

to the originating sender of tliesvmessage if there is an error encountered whileatlog label or
reserving resource.

TheResv/Path teamessage is distributed in order to remove exidtfdB and release reserved net-
work resources. Thath tearmessage andesv teamessage are initiated from the ingress LER and
egress LER respectively. As long as a LSP is rethabe assigned labels become invalidated and it
is no longer valid to send data using the assatiateels.

4.3 Bidirectional LSP Setup

The bidirectional LSP establishment is not suppbinethe original signalling protocol of RSVP-TE.

A bidirectional communication of data between a parouters normally constitutes two separate
unidirectional RSVP sessions. The GMPLS signalfingocol, GMPLS RSVP-TE, is extended to
directly support of bidirectional LSPs function [1[18]. In this case, the bidirectional LSPs cashsi

ing of both downstream and upstream data pathsedug by using a single set of signalling message.
In the remaining part of this sub-section, we digrtiescribing the operational principle of thalira
tional two-LSP approach to make it clear why GMPLS/R-TE arises promisingly.

4.3.1 Establishment via RSVP-TE

Traditionally, the establishment procedure fordirbictional LSPs between two LER A and B using
RSVP-TE is setup of two separate LSPs, depicté&iigare 7. The establishment of a bidirectional
LSP is started at the LER A, which is called “iaitir". The term of “terminator” referring to theute
target LER B. Only one initiator and one terminagrist when regarding bidirectional LSPs [7]. The
downstream LSP is setup from initiator to terminatioection indicated in red colour. The initiator
(LER A) sends #ath message containirigabel Requesbbject in a hop-by-hop basic along the ex-
plicit route. The explicit route (LER A, LSR1, LSR2ER B) is computed at the initiator using rout-
ing protocols. WhePathmessage arrives at terminator (LER B), the resienvaequestResy mes-
sage is transmitted in the reverse direction fergirpose of label allocation and resource redernat
If the Pathmessage andesvmessage are successfully processed at each idiatsneSR, the traffic
flows sourcing from LER A is able to be mapped lo& downstream LSP and requested bandwidth is
available. For the upstream LSP in the directioteohinator to initiator drawn in blue colour, the
establishment of path is same procedure but usesvitPathandResvmessage. The process at LER
and intermediate LSR is same as the way of theesstLSP setup, with exception that the explicit
route is calculated at the terminator independeamly might be different from the upstream LSP
route.

The setting up of bidirectional LSP between LERmMY 4ER B is accomplished when both two unidi-
rectional LSPs are successfully established. Hraor is encountered in either one of unidirectiona
LSP setup, an error message will be announcedghrthe route in both directions, e.g. from initrato
to terminator and from terminator to initiator.
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Figure 7: Bidirectional LSP establishment by seftup two unidirectional LSPs

As stated in [7], this approach suffers followirigativantages.
The delay of establishing LSP and the delay ofalisdng the failure of LSP establishment

The load of control overhead: separate signalliegsages (e.@athandResy are generated and
transmitted for setting up two LSPs

The route selection: it is complicated to compuoigte in separate LERSs.

Furthermore, by the setup of two unidirectional ESfRere is no insurance that both LSPs are routed
along the same route and requiring the higher aggecoordinate on the virtual binding of the two
LSPs.

4.3.2 Establishment via GMPLS RSVP-TE

The GMPLS RSVP-TE documentation [17] and its extamsiocumentation [18] present the support
of bidirectional LSP. Similar to the establishmeha unidirectional LSP, a bidirectional LSP setup
uses thé&>athandReswsignalling messages with some additions. A newsctdUpstream Labebb-

ject is defined and added in tRath message to indicate the bidirectional LSP conardés being
provisioned. As described beforel, @belobject, contained in Resvmessage, is provided by the
neighbour LSR (th&®esvmessage sender) and allocated with the outgotegidge connecting to the
sender. In the GMPLS RSVP-TE, dpstream Labebbject indicates the label suggestion by the up-
stream neighbour LSR (tlathmessage sender) to establish data path in theseegtigection (from
terminator to initiator). Using the bidirectionadth setup, the terminator node can assume the avail
ability of the reverse link before it actually Hasen established.

An example of bidirectional LSP setup using GMPLS/RSE is shown in Figure 8. Similar to the
unidirectional LSP establishment, the initiator R.B) generates Rath message, containing.abel
Requesbbject and atupstream Labebbject in addition, travels along the explicit teuThe path is
selected at initiator based on routing protocolsotJobtaining th&ath message, the receiver first
verifies that the label is valid andPathErr message is sent if the upstream label is not taolep
Afterwards, the receiver uses the label carrigth@Upstream Labebbject as the outgoing label as-
sociated with the sender and establishes inteatalghths. A new upstream label is allocated and
bonded to the incoming interface, which is therfiaige that the router uses to propagatdPtid
message to the next hop. For example, the inteateedode, LSR1, allocates the received upstream
label (value of 25) with the interface receivifgth message (portl) and selects a new label (value of
37) from its label pool to be forwarded. The laléh value of 37 is used to bind with the interface
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sending thd?athmessage to next hop (port2). The terminator psmsethe Path message as the same
way as unidirectional LSP setup. At this momeng¢ @hd of stepl), the data path in the upstream di-
rection has been established and traffic flowsgagsl with given label can be associated with LSP
and transmitted towards the initiator. The dowrsstrd.SP is established as usual by ustegvmes-
sage to distribute and allocate label along thensvexplicit route.

Figure 8: Bidirectional LSP establishment using BM RSVP-TE

The bidirectional LSP setup is completed when titéator successfully process the receiReby
message, which means the labels have been allaglategithe path from initiator to terminator and

its reverse path and the requested bandwidthéswed. Although the upstream LSP is already avail-
able when the upstream label is set after stepelnetwork operators often want to start bidirewtlo
communication only when both upstream and downstie@P setup are accomplished. If an inter-
mediate node has problems in processingPtith message, RathErr message will be returned back

to the initiator and the LSP setup will be retriaér. If an error occurred in dealing with tResv
message, ResvErrmessage will be announced and the bidirection& $&up will retry again start-

ing from stepl. If a bidirectional LSP is removbdth upstream and downstream labels are no longer
valid.

Compared with the two-LSP setup approach, GMPLS REKBnproves the way to establish a bidi-
rectional LSP. Using a single setRdithandResvmessages, the setup latency is reduced and the con
trol overhead load is decreased.

4.4 LSP Modelling with OPNET

This section shows the simulation work done to eat&l MPLS/GMPLS-based network perform-
ances. We focus on the benefits of MPLS/GMPLS tedugie$ (e.g. OSPF-TE and RSVP-TE) on
enhancing the scale of multimedia applications.

The network model in our evaluation is shown inurFg9. The backbone network consists of 7
MPLS-enabled routers. All the connections betweeiters utilize point-to-point DS1 (1.54 Mbps)
link. The test applications include the video traission service (one-way transmission) and the
video conferencing service (interactive two-wansiaission). The data rate of video traffic is set t
the low resolution video quality, 1.38 Mbps. Thegiation environment of our network model is
comparable to a real network, where compressed Hiidi®b frames (800 Mbps) flow through the
Gigabit Ethernet link. As such, the simulation tesabtained from data traffic (1.38 Mbps) through
link with 1.54 Mbps transmission rate are able fteot the real network performance.
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Figure 9: Network model

4.4.1 Test 1: using LSP enhances the scale of applications

Test 1 shows the performance comparison betweeneallp network and a MPLS-based network,
regarding the video transmission application. Adsgmideo services are sourced from client_1 and
client_2 and destined to video server_1 and vigewees_2 respectively. No background traffic is de-
ployed in this case. The metrics used to evallntgtoposed two network scenarios for multimedia
performance include: the packet end-to-end deidgt pnd packet loss. The simulation results are
shown in Figure 10, Figure 11 and Figure 12.

Figure 10: Multimedia packet end-to-end delay ¢sets)

The conventional shortest path first routing protas used in the pure IP network. Therefore, both
the traffic generated from client 1 and from cli@rdre routed through the patlSR1, LSR2, LSRR
which has the minimum number of hop count. Bec#fuse&onnection link between routers can not
bear the traffic load from two video transmissisimaultaneously, the route congestion is occurned. |
the above result, in the pure IP network the videplication viewed at video server_1 suffers the
end-to-end packet delay as 380 ms and there isfiiw received by video server_2 due to the con-
gestion. On the other hand, in the MPLS-enabled aréifviwo LSPs are established with a constraint
on the minimum bandwidth as traffic engineeringapaeter. This traffic engineering metric is used
for constraint based routing calculation. In thase, two video traffics sourced from client 1 amohf
client 2 flow through path (LSR1, LSR4, LSR5, LSRB8Y (LSR1, LSR2, LSR3) respectively. Al-
though the routing path from client 1 to its destion is not the shortest path, the route congessio
avoided. The Figure 10b) shows the delay observeidl@o server 1 and video server 2. Both of them
are less than 150 ms and are acceptable.
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Figure 11: Multimedia delay variation (jitter) (sends)

It is easy to notice from the above graph, jitsesignificant for the two video streams in the plire
network simulation, but it is reduced to near tmoaghen the MPLS technologies are applied. Further
indication of these unacceptable results in puneetfvorks is shown from the observation of packet
loss in the following graph. The large amount ofke loss in the pure IP network is unacceptahie fo
the high speed video transmission application.

Figure 12: Multimedia packet loss (bits)

As a result, this test shows that LSRs created iMBLS network using traffic engineering can effec-
tively accommodate two streams based on their stgddoandwidth minimizes the network conges-
tion and provides the acceptable treatments ttinfesensitive multimedia application. Two video
transmission applications are both supported vétisfaction of appropriate QoS requirements by
utilizing LSPs in an MPLS network. Comparison indésathe scale of applications within the net-
work is enhanced by MPLS technologies.

4.4.2 Test 2: bidirectional LSP enhances the scale of appétion dynamics

This test aims to show how the scale of applicatigmamics is enhanced by setting up bidirectional
LSPs. We focus on multimedia applications in teofisiteractive real time applications, such as
video conferencing. In this case, video confereparcommunicated between client 1 and video
server 1 and between client 2 and video serveh@.stenarios with only one-way LSPs establish-
ment and with bidirectional LSPs setup are simdlaiéhe difference of network performances is ob-
served from the results comparison.
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Figure 13: packet end-to-end delay (seconds)dewiconferencing application

Figure 13 shows the packet delay observed at endp@.g. client and video server) in video confer-
encing. Because the LSP is created in the direftoon client to video server, the traffic load of

video streams is balanced among network resourbestraffic received by video server has an ac-
ceptable packet delay below 150 ms. However, ttegdntive video streams traversing from video
server to client encounter the network congesfitve. reason is the same shortest path (LSR3, LSR2,
LSR1) is selected by LER 3 and LER 4 when thermibandwidth constraint declared for return trip
application. This performance is greatly improvethé bidirectional LSPs are utilized for video eon
ferencing. Traffic engineering eliminates netwookgestion and meets the stringent delay require-
ment of application. The packet loss results fram $cenarios are shown in Figure 14. The high loss
rate in the one-way LSP MPLS network is observdds®3, where two return trip video streams en-
counter contention due to inefficient bandwidthorgse. The congestion is avoided and loss rate is
reduced to almost zero when the bidirectional LsS&pplied.

Figure 14: packet loss (bits) in video conferegcapplication

From the results we can see that establishmemesfr@y LSP cannot guarantee the QoS for the
video conferencing application. This is becausetduack of traffic engineering functionalities in
another direction. The utilization of bidirectioriZ®Ps is of importance for the high speed intevacti
video application.

4.5 Modelling Summary and Achieved Results

The modelling activities obtained by DTU within tNe&JPBED framework aims to support the result
analysis of the experimental results. The advantagige modelling is the ability to exactly idemtif
which parameters that are causing a desired orsinadebehaviour, which would else require a per-
fectly well known and well-controlled environment.

Scenarios focused on basic MPLS concepts (e.g. O&4id RSVP-TE) are suggested. First, the
modelling of the scale of dynamics suffering thastoaint of OSPF convergence time is created and
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observed. A new extension of OSPF-TE routing prtaxinitially proposed and defined in order to
indicate the potential benefit of OSPF-TE seen fthenapplication perspective. The second scenario
deals with the performance of the applications mwapd by utilizing bidirectional LSP setup, which is
supported in GMPLS signalling protocol. It is exaedrand demonstrated for these scenarios how
they can be implemented in the commercial modetig OPNET.

Both two scenarios are useful to analyze the sifal@UPBED experimental applications and for fur-
ther improvements. The two models are initiallydgtd to identify how they can be modified to fa-
cilitate the requirements from MUPBED.
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5 Conclusion

In this deliverable the progress of the modellingl®s in Work Package 2 is documented, which
presently is focused on two main areas. Firss, fighly relevant to indicate the lower bounds wf d
namics, i.e., which level of time granularity witle transport network be able to support. Secondly,
under such conditions, how will the applicationadf@ from an infrastructure with reserved resource
allocation?

Setting up an LSP with traffic specifications carydbe obtained if the network is sufficiently re-
converged. While this is no problem in a standarded, e.g., OSPF routed, network, it is an issue t
consider in a constrained based network routed with, CSPF or OSPF-TE.

Hence, OSPF-TE protocol is studied by simulatioth @maracterized by the protocol behaviour in
response to modifying the link bandwidth reservat®imulations with different network topologies
were run to find minimum convergence time that owes the lowest interval between establishing
successive LSPs. For a very small network with faxdes a reconvergence time of approximately 1
second was found and for a realistic size netwapbklbgy a reconvergence time of approximately 10
seconds was indicated. The network topology usesdadapted from the GEANT2 network topology
slightly modified. Furthermore, the parameterstfe OSPF-TE protocol were the recommended val-
ues provided in OPNET which are similar to thosmnmemended in the OSPF-TE RFC.

Thus, a lower bound of dynamic behaviour of sudetavork of approximately 10 seconds is indi-
cated taking into account that this may be tooligigain terms of processing delay and packet.loss
Two MUPBED applications, video transmission and gidenferencing, and their requirements to the
network are considered. The MPLS technologies adiest and investigated in order to enhance the
scale of application dynamics.

It is — not surprisingly — concluded that the usthe RSVP-TE signalling protocol in the MPLS net-
work to support traffic engineering, has a siguificimpact on the application performance for delay
sensitive applications. Without traffic engineetiitds shown how two application traffic flows liti

ise the same network resources with a devastasiokgp loss and delay as consequence. The same
traffic flows performed with delays less than 156. avhen traffic engineering and constraint based
routing was applied.

In order to support high demanding research apgpitsiwith the requirements discussed in deliver-
able D21, traffic engineering is heavily requirebwever, deploying traffic engineering based on
OSPF-TE constrained routing protocol sets someddimés for the time scales of the reservations.
After a first simulation, these lower limits areufal to be approximately 10 seconds for realistie si
research networks.

In addition, the use of priorities for OSPF-TE ugygested. A priority value is assigned based on its
application type, which triggers the bandwidth ajanThis topic, however, will be further studied
and results will be provided en future deliverables
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